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ABSTRACT

Background: Techniques for aortic surgery continue to 
evolve. A real-world snapshot of patients undergoing elective 
surgery for aneurysm in the modern era is helpful to assist in 
deciding the appropriate timing for intervention. We herein 
describe our experience with 100 consecutive patients who 
underwent primary elective surgery for aneurysm of the 
proximal thoracic aorta over a two-year period at a single 
institution.

Methods: The majority of our patients were male, mean 
age 61.19 ± 13.33 years. Two patients had Marfan syndrome. 
Twenty-eight patients had bicuspid aortic valve. Thirty-four 
patients underwent aortic root replacement utilizing a com-
posite valve/graft conduit; 23 had valve-sparing root replace-
ments. The ascending aorta was replaced in 89 patients;  
80 (89.9%) of these included a period of circulatory arrest at 
moderate hypothermia utilizing unilateral selective antegrade 
cerebral perfusion.

Results: Thirty-day mortality was zero. Periopera-
tive stroke occurred in 2 patients, both of whom com-
pletely recovered prior to discharge. No patients required  
re-exploration for bleeding. One patient developed a sternal 
wound infection. Fifteen patients required readmission to 
hospital within thirty days of discharge.

Conclusion: Elective surgery for aneurysm of the proxi-
mal aorta is safe, reproducible, and is associated with outcomes 
that are superior to those seen in an acute aortic syndrome. It 
may be appropriate to offer surgery to younger patients with 
proximal aortic aneurysms at smaller diameters, even if their 
aortic dimensions do not yet meet traditional guidelines for 
surgical intervention.

INTRODUCTION

Patients requiring aortic reconstruction present with a 
broad spectrum of pathologies, of varying degrees of sever-
ity, with different degrees of aortic valvular and/or left 

ventricular dysfunction. When reviewing the literature, one 
is confronted with a heterogeneous group of patients, and it 
can be difficult to interpret the data in a way that is directly 
generalizable to real-world practice. 

Although aortic root replacement utilizing the classic 
button technique was originally described in the late 1960s 
[Bentall 1968], the procedure has undergone a number 
of iterations, not only in terms of the technical aspects of 
the surgery, but also with respect to its clinical application 
[Kouchoukos 1991; Halstead 2005]. Aortic root replacement 
was originally described as a solution for aneurysm, but its 
indications have expanded and now encompass a myriad of 
other pathologies, including acute aortic syndromes, genetic 
and familial aortopathies, endocarditis, and others. 

We describe our experience with 100 consecutive patients 
who underwent primary elective aortic surgery for aneurysm 
over a two-year period. By focusing our analysis on the peri-
operative outcomes of this well-defined group of patients, we 
provide a modern-day perspective on what may be expected 
for these individuals, providing real-world data that can guide 
appropriate timing for surgical intervention.

MATERIALS AND METHODS

Patients
A comprehensive review was undertaken of our prospec-

tively collected database to identify all patients who under-
went surgery of the aortic root and/or ascending aorta over a 
two-year period, between 2014 and 2016. 

The Institutional Review Board of Northwell Health 
approved this retrospective study.

Overall, 196 patients underwent proximal aortic surgery. 
Patients who underwent surgery for an acute aortic syndrome 
were excluded from analysis, as were patients with endocar-
ditis. Reoperations were also excluded. Patients who were 
symptomatic from their aortic aneurysms, but who were oth-
erwise clinically stable, were included in our review. Our final 
analysis was of 100 consecutive patients who underwent elec-
tive aortic root and/or ascending aortic surgery for aneurysm 
during the time period specified.

Demographics are outlined in Table 1. The majority of our 
patients were male. Mean age for our male patients was just 
over 61 years, slightly older than that for our female patients. 
A significant proportion of our patients had a history of sys-
temic hypertension, not unexpected in an aneurysm cohort. 
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Two patients had a diagnosis of Marfan syndrome; 28 patients 
had aortopathy associated with bicuspid aortic valve. Mean 
preoperative maximal aortic diameter was 5.01 ± 0.68 cm.

Surgical Techniques
The distal ascending aorta was routinely used for arterial 

cannulation in all cases. In those patients in whom a period of 
hypothermic circulatory arrest was anticipated, the innomi-
nate artery was cannulated directly with a 7-French standard-
tip DLP aortic root cannula (Medtronic, Minneapolis MN, 
USA) to facilitate selective antegrade cerebral perfusion. The 
arterial limb of our cardiopulmonary bypass circuit uses stan-
dard 3/8” tubing, with a customized 1/4” branched limb that 
has a perfusion adapter at its end that directly attaches to the 
innominate artery cannula (Figure).

In those cases requiring hypothermic circulatory arrest, 
once the patient’s core temperature reached the desired 
target, the base of the innominate artery was clamped. The 
origin of the left common carotid artery was also clamped, so 
as to keep the circle of Willis pressurized. Cardiopulmonary 
bypass was terminated, and the ascending aorta was resected, 
being sure to include the cannulation and cross-clamp sites. 
Unilateral selective antegrade cerebral perfusion was initiated 
via the innominate artery perfusion limb of the bypass circuit, 
using blood at a temperature that was 2-3 degrees colder than 
the patient’s body temperature. Cerebral perfusion flow was 
based on an initial flow rate of 6-10 mL/kg/min, but then 
was modified by arterial pressure, as directly measured by an 
arterial line sited in the right radial artery (target pressure 
40-60mmHg), and then was adjusted according to continu-
ous non-invasive monitoring of cerebral oxygen saturations 
using near-infrared spectroscopy (Nonin Medical, Plymouth, 

MN, USA) [Spielvogel 2013]. An appropriately sized Vascu-
tek Gelweave Ante-Flo vascular graft (Terumo Cardiovascu-
lar Systems, Ann Arbor, MI, USA) was anastomosed to the 
base of the aortic arch with a running 4-0 prolene suture, but-
tressed with Teflon. The side-arm of this graft was used to 
reestablish cardiopulmonary bypass.

In all root procedures, a modified Bentall technique was 
employed, encompassing button re-implantation of the coro-
nary arteries into the new aortic graft. The coronary button 
anastomoses themselves were completed using a running 5-0 
prolene suture, supported by a small strip of Teflon. In those 
procedures that only involved replacement of the ascending 
aorta above the aortic root, the new vascular graft was anasto-
mosed to the sinotubular junction with a running 4-0 prolene 
suture, also reinforced with Teflon. 

For all valve-sparing root replacements, we utilized the 
reimplantation technique, as originally described by David 
and Feindel [David 1992], with slight modifications. We used 
a Vascutek Gelweave Valsalva graft (Terumo Cardiovascular 
Systems, Ann Arbor, MI, USA) to replace the aortic root, 
and the graft was anchored into the sub-annular plane using 
six mattress sutures. The native aortic valve was reimplanted 
within the new root graft using a number of running 5-0 
prolene sutures.

Graft-to-graft anastomoses, when required, were com-
pleted with a running 3-0 prolene suture.

RESULTS

Intraoperative Data
Operative data is summarized in Table 2. Fifty-seven 

patients underwent aortic root replacement, of which  
23 were valve-sparing procedures. Twenty-five patients 
required aortic valve replacement concomitant with supra-
coronary ascending aortic reconstruction. Only two patients 
in our entire cohort had mechanical aortic valves implanted. 
In those patients in whom the aortic valve was not replaced, 
11 required some type of repair to the native valve.

Of those 89 patients who underwent replacement of the 
ascending aorta, the majority (89.9%) involved hemiarch 

Cardiopulmonary bypass circuit for unilateral selective antegrade cere-
bral perfusion.

Table 1. Preoperative Patient Demographics

Male sex, n 81

Age, male patients, mean ± SD, years 61.19 ± 13.33

Age, female patients, mean ± SD, years 59.85 ± 13.65

BMI, mean ± SD 28.39 ± 5.55

Congestive heart failure (NYHA III/IV) 17

Diabetes mellitus 18

Dialysis-dependent renal failure 1

Hypertension 76

Cerebrovascular disease 4

Peripheral vascular disease 4

COPD 13

Smoking history 11

Marfan syndrome 2

Bicuspid aortic valve 28

Maximum aortic diameter, mean ± SD, cm 5.01 ± 0.68

SD indicates standard deviation; NYHA, New York Heart Association; 
COPD, chronic obstructive pulmonary disease.
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reconstruction, with a period of circulatory arrest (mean 
11.67 ± 3.39 minutes), at moderate hypothermia (mean body 
temperature 29.29 ± 2.39 degrees Centigrade). 

A number of other procedures were completed in conjunc-
tion with the aortic reconstruction, encompassing pathologies 
that would be normally expected in an adult population pre-
senting for cardiac surgery. The most common adjunctive pro-
cedure was coronary artery bypass grafting, done in 20 patients. 

Perioperative Mortality and Morbidity
Perioperative outcomes are outlined in Table 3. Thirty-

day mortality was zero. Two patients sustained a perioperative 
stroke, but both fully recovered prior to hospital discharge. 
One patient had an early sternal wound infection that required 
surgical reconstruction. No patients required reexploration for 
bleeding, although just over half of our patients required trans-
fusion at some point during their admission. Fifteen patients 
were readmitted to hospital within 30 days of discharge. The 
2 most common reasons for readmission were pleural effusion 
requiring drainage, and new-onset atrial fibrillation.

DISCUSSION 

Our results demonstrate that proximal aortic reconstruc-
tion can be performed safely and reproducibly. We focused 
only on those patients who underwent primary elective sur-
gery for aneurysm. This cohort of patients had zero 30-day 
mortality at our institution over the time period reviewed.

Our excellent perioperative results have been echoed by 
others, particularly by other larger volume aortic centers. 

Bilkhu and associates reported 1.2% in-hospital mortality in 
a cohort of 344 patients who underwent root replacement in a 
large-volume institution [Bilkhu 2016]. Similarly, McCarthy 
and colleagues described their experience with elective root 
replacement for aneurysm in a group of 220 patients, and they 
reported 2% 30-day mortality for patients with severe aortic 
insufficiency (AI), and 0% mortality for patients with moder-
ate (or less) AI [McCarthy 2016]. 

It seems clear that patients do better in those centers 
that perform a larger number of aortic procedures per year. 
In their analysis of over 13,000 aortic root and aortic valve/
ascending aortic procedures, utilizing data from the Society of 
Thoracic Surgeons Adult Cardiac Surgery Database, Hughes 
and associates demonstrated greater risk-adjusted mortal-
ity for patients undergoing surgery in institutions that per-
form fewer than 30-40 of these operations annually [Hughes 
2013]. Stamou and colleagues described pooled data from the  
Society of Thoracic Surgeons Database, reporting overall mor-
tality for aortic root surgery of 4.2%, higher than what we report 
in our results, but only 5% of centers performed more than 
16 root procedures annually [Stamou 2015]. In another study 
looking at the outcomes of 954 patients who underwent root 
replacement over a 12-year period, mortality for elective sur-
gery was reported as high as 3.6%, although it is unclear from 
this paper as to what extent individual institutional case volumes 
may have impacted upon the results [Dhurandhar 2016]. 

A detailed discussion of cerebral protection strategies in 
aortic surgery is beyond the scope of this paper. The literature 
is replete with different techniques of cerebral protection that 
can be employed during circulatory arrest, although there 
seems to be an evolving trend away from deep hypothermia, 
towards more moderate hypothermia and the more routine 
use of antegrade cerebral perfusion. Recent data suggests 
that unilateral antegrade cerebral perfusion is associated with 
excellent perioperative outcomes [Leshnower 2013; Poon 
2016; Leshnower 2012], and that deep hypothermia does not 
provide any extra benefit, particularly for shorter circulatory 
arrest times [Leshnower 2015]. Our data supports this: we 

Table 2. Operative Data 

Aortic root replacement with valve/graft conduit 34

Valve-sparing aortic root replacement 23

Aortic valve replacement/ascending aortic replacement 25

Ascending aortic replacement 89

Hemiarch reconstruction 80

Aortic valve repair 11

Concomitant procedures

CABG 20

Mitral valve repair 5

Septal myomectomy 2

Cryoablation maze 3

VSD repair 2

Ligation of coronary-cameral fistula 2

Cardiopulmonary bypass time, mean ± SD, min 133.93 ± 41.12

Cross-clamp time, mean ± SD, min 109.02 ± 39.38

Circulatory arrest time, mean ± SD, min 11.67 ± 3.39

Lowest core body temperature recorded, mean ± SD, °C 29.29 ± 2.39

CABG indicates coronary artery bypass grafting; VSD, ventricular septal 
defect.

Table 3. Postoperative Outcomes

Reoperation for bleeding 0

Stroke 2

New renal failure 0

Prolonged ventilation 6

Perioperative MI 0

Deep sternal wound infection 1

Sepsis of any cause 3

Transfusion during hospital stay 52

Length of postoperative hospital stay, median ± SD, days 7.74 ± 4.78

Readmission to hospital within 30 days 15

30-day mortality 0

MI indicates myocardial infarction.
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had a mean circulatory arrest time of 11.67 minutes at a body 
temperature of 29.29 degrees Centigrade. 

Bilateral antegrade cerebral perfusion does not seem to 
result in superior outcomes, as compared with unilateral 
perfusion techniques [Angeloni 2015; Angeloni 2014; Zierer 
2014; Zierer 2012; Preventza 2015], especially for simpler 
procedures. In their review of the literature, Spielvogel and 
colleagues comment that unilateral perfusion is adequate 
for shorter periods of circulatory arrest (defined as less than  
40 minutes), but that bilateral antegrade perfusion may be worth 
considering for more prolonged operations [Spielvogel 2013]. 

Our technique of unilateral selective antegrade cerebral 
perfusion is simple and reproducible, using a custom-designed 
bypass circuit (Figure), and is associated with excellent neuro-
logical outcomes. Only two patients in our cohort sustained 
a perioperative stroke, a result that compares favorably with 
other contemporaneous reports [Arabkhani 2015; Mok 2017]. 
In addition to utilizing antegrade cerebral perfusion via the 
innominate artery, we also clamp the base of the left common 
carotid artery in order to keep the circle of Willis pressurized 
and thereby prevent a steal phenomenon. To the best of our 
knowledge, this technical modification has not, as yet, been 
widely described.

There is unequivocal data that aortic surgery in the setting 
of an acute dissection is associated with poorer outcomes. In a 
review of patients undergoing repair of an acute Stanford type 
A aortic dissection, utilizing data obtained from the Interna-
tional Registry of Acute Aortic Dissection (IRAD), early mor-
tality was reported as high, even in the current era (17-26%), 
even in the hands of experienced surgeons in high-volume 
aortic centers [Berretta 2016; Trimarchi 2005]. In another 
IRAD study, Pape and colleagues reported that mortality in 
acute dissection has improved over time, decreasing from 
25% to 18% over a 17-year period [Pape 2015], although this 
is still markedly worse than outcomes expected after elective 
surgery, as our results confirm. 

The 2010 ACCF/AHA/AATS/ACR/ASA/SCA/SCAI/
SIR/STS/SVM Guidelines for the Diagnosis and Manage-
ment of Patients with Thoracic Aortic Disease suggest that 
surgical intervention be considered for patients with asymp-
tomatic aneurysms of the aorta that exceed 5.5 cm (Class IC 
recommendation), although this threshold is lowered for 
genetic aortopathies, for patients who demonstrate symp-
toms referable to their aneurysm or rapid growth of their 
aneurysm, or for patients who are undergoing an aortic valve 
procedure for another indication but who have a coincident 
aortic aneurysm [Hiratzka 2010]. In a recent clarification 
looking specifically at patients with bicuspid aortic valves, 
the advisory group still maintains that 5.5 cm is the thresh-
old at which surgical repair should be considered in otherwise 
asymptomatic patients (Class IB recommendation), although 
the authors do make the qualifying statement that patients 
may be considered for surgery if the aorta is greater than 5.0 
cm and if the procedure is being performed by an experienced 
team in a larger volume center [2010 ACCF/AHA/AATS/
ACR/ASA/SCA/SCAI/SIR/STS/SVM guidelines], reinforc-
ing the relationship between institutional surgical volume and 
patient outcomes. 

In his landmark paper assessing the natural history of aortic 
aneurysm, Elefteriades demonstrated an exponential increase 
in the risk of aortic-related complications at aortic diameters 
that exceed 6.0 cm [Elefteriades 2002], and this important 
data underlies a large component of the recommendations for 
intervention. However, in the same report, the author com-
ments that the perioperative mortality for elective aortic sur-
gery was 2.5% at that time, somewhat higher than our results 
would indicate as the current acceptable norm. Moreover, 
the very same study estimates a cumulative annual risk of 
aortic rupture/dissection/death of 6.5% for ascending aortas 
that exceed 5.0 cm, and 5.3% for aortas greater than 4.0 cm. 
In another IRAD study, Pape and associates reported that 
over half of acute dissections occurred in aortas smaller than  
5.5 cm [Pape 2007]. This sobering information was also 
echoed by Parish and colleagues who analyzed aortic diam-
eters in 177 non-Marfan patients who presented with acute 
type A dissections; they found that 62% of patients had aortic 
diameters that were less than 5.5 cm at the time of dissection, 
42% had aortas that were less than 5.0 cm, and over 20% had 
maximal aortic dimensions of less than 4.5 cm [Parish 2009]. 
There seems to be little doubt that aortic catastrophe is still 
possible even in those smaller aortas that do not meet the 
traditional indications for surgical repair. 

It may no longer be appropriate to wait for aortic aneu-
rysms to reach 5.5 cm prior to surgical repair, especially if the 
procedure can be performed with reproducibly low morbid-
ity, as our results indicate. In a more recent review, Elefteria-
des comments that “we use 5.0 cm for our intervention crite-
rion for the ascending aorta in healthy individuals because the 
operations can be performed safely, making a lower criterion 
point reasonable” [Elefteriades 2015]. Our data parallels this 
approach: the mean maximum preoperative aortic diameter in 
our patient group was 5.01 ± 0.68 cm. 

This is particularly important when one recognizes that 
patients who present with aneurysms tend to be relatively 
young. In a meta-analysis of over 7600 root replacements, 
Mookhoek and colleagues reported a mean patient age of  
49.8 years [Mookhoek 2016]. Similarly, in a 30-year review of 
aortic root surgery for aneurysm, Zehr and co-workers reported 
a mean patient age of 54 years for those patients undergoing 
standard root replacements, and a mean age of 51 years for 
those patients who underwent a valve-preserving procedure 
[Zehr 2004]. Our patients were hovering around the 60 year-
old mark, with males being slightly older than females. 

The multidisciplinary Heart Team approach has evolved 
from the realms of coronary artery surgery and transcatheter 
valve therapy to become the standard of care in cardiovascular 
disease [Passeri 2015; Holmes 2013]. We have aggressively 
adopted this model of patient care into our aortic surgery 
program. The patient with aortic disease requires regular 
clinical assessment and timely referral for surgery, and needs 
high-quality, dynamic, multi-modality imaging. They need a 
safe and reproducible operation which may involve complex 
circulatory management, and that may incorporate both open 
and endovascular components. Rigorous postoperative care is 
also vital to ensure success, best accomplished by a team that 
is well-versed in the specifics of patient management more 
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typically seen in the aortic surgery patient. Our Heart Team 
approach does not stop when the patient leaves the hospital, 
but continues with frequent outpatient follow-up and moni-
toring. The Heart Team concept perfectly aligns with the 
data that higher-volume centers afford superior outcomes, 
as the entire multidisciplinary team continues to evolve and 
improve with each and every case.

This retrospective study has a number of limitations, the 
most significant of which is that it only includes a relatively 
small number of patients, and it is largely observational in 
nature. Additionally, we have not addressed longer-term 
follow-up, although, since we only chose to include those 
patients undergoing elective aneurysm surgery, we would 
anticipate late survival to be not too dissimilar from age and 
sex-matched controls, as has been shown by others [Etz 2010].

In conclusion, we suggest that elective primary surgery for 
aneurysm of the proximal thoracic aorta is safe, reproducible, 
and associated with excellent results. It may be appropriate to 
offer surgery earlier to younger patients, even if their aortic 
diameters do not yet meet traditional guidelines for interven-
tion, particularly in larger-volume centers that are experi-
enced with these procedures.
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