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Abstract
Objectives: It is now well established by many groups that
surgery on the aortic arch may be achieved with consistently
low morbidity and mortality along with relatively good sur-
vival compared to estimated natural history for a number of
aortic arch pathologies. The objectives of this study were to:
1) report, compare, and analyze our morbidity and mortality
outcomes for hemiarch and total aortic arch surgery; 2)
examine the survival benefit of hemiarch and total aortic
arch surgery compared to age- and sex-matched controls;
and 3) define factors which influence survival in these two
groups and, in particular, identify those that are modifiable
and potentially actionable. Methods: Outcomes from pa-
tients undergoing surgical resection of both hemiarch and
total aortic arch at the Liverpool Heart and Chest Hospital
between June 1999 and December 2012 were examined in a
retrospective analysis of data collected for The Society for
Cardiothoracic Surgeons (UK). Results: Over the period stud-
ied, a total of 1240 patients underwent aortic surgery, from
which 287 were identified as having undergone hemi to
total aortic arch surgery under deep or moderate hypother-
mic circulatory arrest. Twenty three percent of patients’ sur-
geries were nonelective. The median age at the time of
patients undergoing elective hemiarch was 64.3 years and
total arch was 65.3 years (P � 0.25), with 40.1% being female
in the entire group. A total of 140 patients underwent elec-
tive hemiarch replacement, while 81 underwent elective to-
tal arch replacement. Etiology of the aortic pathology was
degenerative in 51.2% of the two groups, with 87.1% requir-
ing aortic valve repair in the elective hemiarch group and
64.2% in the elective total arch group (P < 0.001). Elective
in-hospital mortality was 2.1% in the hemiarch group and

6.2% (P � 0.15) in the total arch group with corresponding
rates of stroke (2.9% versus 4.9%, P � 0.47), renal failure
(4.3% versus 6.2%, P � 0.54), reexploration for bleeding
(4.3% versus 4.9%, P > 0.99), and prolonged ventilation
(8.6% versus 16.1%, P � 0.09). Overall mortality was 20.9%
at 5 years, while it was 15.7% in the elective hemiarch and
25.9% in the total arch group (P � 0.065). Process control
charts demonstrated stability of annualized mortality out-
comes over the study period. Survival curve was flat and
parallel compared to age- and sex-matched controls beyond
2 years. Multivariate analysis demonstrated the following
independent factors associated with survival: renal dys-
function [hazard ratio (HR) � 3.11; 95% confidence inter-
val (CI) � 1.44-6.73], New York Heart Association (NYHA)
class > III (HR � 2.25; 95% CI � 1.38-3.67), circulatory
arrest time > 100 minutes (HR � 2.92; 95% CI � 1.57-
5.43), peripheral vascular disease (HR � 2.44; 95% CI �
1.25-4.74), and concomitant coronary artery bypass graft
operation (HR � 2.14; 95% CI � 1.20-3.80). Conclusions:
Morbidity, mortality, and medium-term survival were not
statistically different for patients undergoing elective
hemi-aortic arch and total aortic arch surgery. The sur-
vival curve in this group of patients is flat and parallel to
sex- and age-matched controls beyond 2 years. Multivar-
iate analysis identified independent influences on survival
as renal dysfunction, NYHA class > III, circulatory ar-
rest time (> 100 min), peripheral vascular disease,
and concomitant coronary artery bypass grafting. Fo-
cus on preoperative optimization of some of these
variables may positively influence long-term
survival. Copyright © 2014 Science International Corp.
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Introduction

Surgery to replace the proximal or total aortic arch
has become relatively commonplace, with many exam-
ples of international centers publishing excellent mor-
bidity and mortality outcomes in large series [1–4] com-
pared with the very early series [5]. Underpinning these
patient outcomes are a host of improvements in surgery,
anesthesia, nursing, perfusion, and intensive care, all well
described by Coselli and LeMaire [6] in Aortic Arch Sur-
gery: Principles, Strategies and Outcomes. This success
with clinical morbidity and mortality outcomes has al-
lowed the development of more sophisticated quality
measures of the “process” and “structure” of care deliv-
ered by institutions published in the form of guidelines
on performing and reporting of thoracic aortic surgery
[7]. However, reporting of contemporary survival follow-
ing aortic arch surgery, and the factors which influence it,
remains limited [8,9]. This work has three aims: 1) report,
compare and analyze our morbidity and mortality out-
comes for hemiarch and total aortic arch surgery; 2)
examine the survival benefit of hemiarch and total aortic
arch surgery compared to age- and sex-matched con-
trols; and 3) define factors which influence survival in
these two groups and, in particular, identify those that
are modifiable and potentially actionable.

Methods

Patient Population and Data
We performed a retrospective study on 287 consecutive

patients who underwent aortic arch surgery at Liverpool Heart
and Chest Hospital between June 15, 1999 and December 31,
2012. All relevant clinical data were collected prospectively and
entered into a local hospital database from which, periodically,
core datasets were validated and submitted to The Society for
Cardiothoracic Surgery (UK). In brief, for each operation, a
dataset was collected that included relevant demographics,
indicators of disease severity, acuity, comorbidities, and proce-
dural details, along with all relevant in-hospital outcomes.
Outcomes evaluated for the purposes of this study include
in-hospital reoperations for bleeding, sternal wound infections,
neurological and renal complications, postoperative ventila-
tion times, and both in-hospital and follow-up mortality.

Variables Documented and Definitions
1) Preoperative variables

a. Current smoker: Smoking within six weeks of the
operation.

b. Diabetes: Diagnosis of diet, tablet or insulin con-
trolled diabetes.

c. Hypercholesterolemia: Diagnosed with cholesterol
over 5.0 mmol/L or on drug treatment.

d. Hypertension: Diagnosed with hypertension (blood
pressure � 139/89 mmHg) or on antihypertensive
treatment.

e. Cerebrovascular disease: The presence of carotid
artery disease, chronic neurological injury, or a his-
tory of transient ischemic attack (TIA) or cerebro-
vascular accident (CVA).

f. Respiratory disease: Diagnosed with a respiratory
disease (i.e., asthma, emphysema, bronchiectasis,
chronic obstructive pulmonary disease), on treat-
ment (i.e., inhalers) or impaired pulmonary func-
tion tests.

g. Peripheral vascular disease: Diagnosed with periph-
eral vascular disease on the basis of symptoms
(claudication), previous intervention, or evidence
of stenotic disease.

h. Renal dysfunction: The definition of renal failure has
changed over time. Over the last 3 years we have
recorded eGFR (estimated glomerular filtration
rate) as well as the presence of established renal
failure and dialysis. An eGFR � 89 mL/min/1.73 m2

is considered as renal dysfunction (Chronic Kidney
Disease). Prior to this, we recorded renal dysfunc-
tion as a creatinine value greater than 200 �mol/L
and as established renal failure with dialysis.

i. Previous cardiac surgery: Previous sternotomy for
any reason.

2) Postoperative variables
a. Intubation time (hours): Presence of endotracheal

tube with supported respiratory effort.
b. Intensive Therapy Unit (ITU) stay (days): Care within

our Critical Care Area which includes 1:1 nursing
care as “intensive care” or 2:1 nursing as “high
dependency care.”

c. Postoperative stay (days): Number of days within
the hospital setting from the day after surgery.

d. Acute renal failure: Postoperative requirement for
hemofiltration.

e. Deep sternal wound infection: This is defined as
wound dehiscence to the sternal plate with a pos-
itive wound culture. It excludes simple superficial
wound infections and aseptic mechanical dehis-
cence.

f. Reexploration for bleeding: This is defined as rester-
notomy and exploration in the acute postoperative
period for bleeding and/or evidence of tampon-
ade.

g. All stroke:
i) CVA, diagnosed clinically or on imaging.
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ii) TIA, diagnosed as clinical evidence of neurological
impairment with return of function within 24
hours.

h. Confusion: Acute confusional state diagnosed
clinically.

Operative Techniques
Definitions. To allow an understanding of the extent of resec-

tion and reconstruction, we have defined the following terms:
1. Hemiarch surgery. Hemiarch surgery or proximal arch

surgery is performed as either a “simple” hemiarch or a “deep”
hemiarch. In simple hemiarch surgery, under deep hypother-
mic circulatory arrest, the arch is resected in a line from the
origin of the brachiocephalic artery to the apex of the under-
side of the arch opposite the left subclavian artery. In deep
hemiarch surgery, the entire anterior and posterior wall of the
arch is removed leaving an effective Carrel patch of arch
vessels connected via a “bridge” of aorta to the descending
thoracic aorta. In this study, these two groups have been
amalgamated as historical records do not make this distinction.
Simple open distal anastomosis under deep hypothermic cir-
culatory arrest has been excluded. Patients undergoing simple
open distal anastomosis for acute Type A repair (137 additional
cases during this period) have been excluded.

2. Total arch surgery. We have defined total arch surgery as
that occurring under deep hypothermic circulatory arrest and
involving resection of the arch such that at least one of the
great vessels requires reimplantation. Arch vessels were anas-
tomosed either separately or as a Carrel patch. This simple
definition was chosen to avoid subclassification of the myriad
of permutations of aortic arch surgery. A number of patients
who underwent total aortic arch replacement also underwent
placement of a conventional elephant trunk using an 8 cm
graft in preparation for possible second stage procedures. In
addition, in the latter half of the series, a number of patients
underwent placement of a “frozen elephant trunk” using either
an EVITA Open Plus Hybrid Stent Graft (Jotec, GmbH, Hechin-
gen, Germany) or a Thoraflex device (Vascutek Terumo Thora-
flex Hybrid Stent Graft; Vascutek, Renfrewshire, UK). These
devices were only deployed in aneurysms in which there was
no chronic dissection or evidence of connective tissue disorder.
In addition, they were only deployed in patients who had
proximal descending thoracic aneurysms with suitable distal
landing zones. Our operative techniques have evolved through
the study period as technology and experience have shaped
our approach. Below is a general approach to our operations.
It is relevant to say that between 1999 and 2007, operations were
performed by all surgeons within the center, but principal activity
was by a single subspecialized surgeon (Mr Abbas Rashid). After
2007, this same principal surgeon and 4 others subspecialized in
aortic surgery (D.H., M.F., M.K., and A.O.) performed the opera-
tions. A separate analysis (Appendices) has shown no significant
change in outcomes from this transition.

● Incisions. All elective operations were performed
through a midline and full sternotomy. In a very small
number of emergencies we used either a clamshell [1]
or lateral extension to a sternotomy incision [1].

● Cannulation options. A myriad of cannulation tech-
niques were used depending on the anatomy, pathol-
ogy and available imaging.

● Arterial cannulation. Arterial cannulation of either the
ascending aorta, arch of the aorta, femoral artery, or
axillary arteries was performed. In a limited number of
emergency operations the left ventricular apex was
cannulated. All cannulations via the axillary artery were
through an anastomosed 8 mm graft.

● Venous cannulation. Venous drainage was achieved via
the right atrial appendage, bicaval cannulation, main
pulmonary artery, or femoral vein.

● Venting. Venting of the heart was performed either
through the right superior pulmonary vein, main pulmo-
nary artery, or left ventricle (LV) apex via a mini left
thoracotomy.

● Conduct of cardiopulmonary bypass. Cardiopulmonary
bypass was initiated following full heparinization (300
U/kg) to an activated clotting time � 450, and during
active cooling, alpha stat was maintained. Warming
was commenced ensuring no excessive differential be-
tween peripheral and core temperatures.

● Cardioplegia. Intermittent cold blood cardioplegia was
administered anterogradely at induction and retro-
gradely during maintenance. Anterograde cardioplegia
was supplemented into the right coronary system
throughout cases where possible. A “hot shot” of warm
blood cardioplegia was administered prior to reflow.

● Monitoring. It is our practice to monitor a radial and
femoral arterial trace as well as central venous cannu-
lation and central venous pressure. A nasopharyngeal
and bladder/rectal catheter are used to monitor tem-
perature. Near infrared spectroscopy (NIRS) was em-
ployed beginning in 2008. Transeosophageal echocar-
diography is routinely utilized unless contraindicated.

● Brain protection. Our approach to neuroprotection is
centered around deep hypothermic circulatory arrest;
however, adjuncts include CO2 flooding of operative
field, packing of head in ice, phenobarbitone prior to
circulatory arrest, and supplementary cerebral perfu-
sion as indicated below:

● Anterograde cerebral perfusion. This is administered in
total arch surgery. Cold blood is administered via the
head and neck vessels directly or via clamping of the
brachiocephalic artery and perfusing the axillary artery.
The left subclavian artery is temporarily occluded or
may be perfused if NIRS is suboptimal. Target flows of
10 mL/kg/min are used; however, this is modified ac-
cording to perfusion pressure (target mean, 50-60
mm Hg) and NIRS response.

● Retrograde cerebral perfusion. This technique is used for
simple hemiarch surgery or acute pathologies where
tissue quality of arch vessels may be poor. The superior
vena cava (SVC) is cannulated with a 15 French cannula
and a small clamp placed between SVC and right atrial
appendage. Flow is commenced at 10 mL/kg/min aiming
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for a central venous pressure (CVP) between 25 and 50
mm Hg and an acceptable NIRS reading.

● Temperature: Our core (urinary or rectal) target temper-
atures for hemiarch and total arch surgery have
evolved over the time of the study. During early peri-
ods, target temperature for all procedures was less than
18°C (deep hypothermia [10]). Currently, our typical
target for an elective hemiarch is 25°C (moderate hy-
pothermia), elective total arch is 20°C (moderate hypo-
thermia), and for emergency cases, 20°C. Rewarming
was aided with external warmers.

Preoperative and Postoperative Criteria
Indications for surgery. Indications for isolated elective aor-

tic aneurysm surgery were: aneurysmal size greater than 5.5 cm
in nonconnective tissue disorders, size greater than 4.5 cm
with connective tissue disorders. Attributable symptoms were
an indication for surgery. Other indications were acute aortic
syndromes, infection, fistula, and pseudoaneurysms. In pa-
tients in whom the principal indication for surgery was severe
disease in the aortic valve, mitral valve, or tricuspid valve
and/or coronaries, the threshold for intervention on the aorta
was lowered to 4.0-4.5 cm. Similarly, when the primary indica-
tion for surgery was the aorta, the threshold for cardiac inter-
vention was lowered; i.e., moderate aortic valve disease, one
and two vessel or proximal left anterior descending coronary
artery disease. Nonelective surgery was performed based on
the presence of acute aortic syndrome or decompensation of
nonaortic cardiac-related factors such as aortic valve disease
and pulmonary edema or coronary disease with recent non-ST
elevation myocardial infarction. We currently adhere to the
American Heart Association Guidelines [11] on indications for
aortic surgery which, although presented in 2009, broadly
reflected our practice prior to publication.

Patient follow-Up. To establish follow-up vital status, patient
records were linked to the national Personal Demographic
Service (PDS). Patients were matched to the PDS (http://
systems.hscic.gov.uk/demographics/pds) based on National
Health Service number, patient name and date of birth, gen-
der, and postcode.

Statistical Methods
Continuous data that are not normally distributed are re-

ported as median (25th percentile, 75th percentile) with Wilco-
xon’s signed rank test used for comparisons. Categorical vari-
ables are shown as frequency and percentage, while
comparisons are made with chi-square (�2) tests and Fisher‘s
exact tests as appropriate. Follow-up mortality rates are pre-
sented using the Kaplan-Meier method [12] and comparisons
are made using the log-rank test. Cox proportional hazards
analysis with forward stepwise selection of covariates was used
to calculate adjusted hazard ratios (HRs). Limits for entry to and
removal from the model were set at P � 0.10 and P � 0.05,
respectively. In all cases a p-value less than 0.05 was consid-
ered significant. All statistical analyses were performed with
SAS for Windows Version 9.2 (SAS Institute, Cary, NC, USA).

Results

Demographic Data
Within the study period we performed a total of

1240 operations on thoracic aortic aneurysms, of
which 287 involved the aortic arch and circulatory
arrest and were included in this study. Preoperative
patient characteristics, including comorbidities and
disease etiology, are presented in Table 1, along with
operative data. “All AAR” (all aortic arch Aneurysms,
n � 287) is presented in column 1, followed by a spilt
of “Elective HAAR” (elective hemi-aortic arch resection)
and “Elective TAAR” (elective total aortic arch resec-
tion). Nonelective patients undergoing HAAR (n � 30)
and TAAR (n � 36) are described in Table 2.

Comorbidities
Of 287 patients included in the present study, 115

(40.1%) of patients were female. Median age was 63.7
years. A total of 76 (26.5%) patients had a New York
Heart Association (NYHA) class � III, 100 (34.8%) suf-
fered from respiratory disease, and 48 (16.7%) had
undergone a surgical cardiac procedure in the past.
There were no major differences in comorbidity as
defined between elective hemiarch and total aortic
arch patients apart from a slightly higher incidence of
peripheral vascular disease in the elective total arch
group (P � 0.03). Also, previous cardiac surgery was
more common in the elective TAAR group (30.9%)
versus the elective HAAR group (10%, P � 0.001). In
the nonelective cohort, all variables were similar apart
from a significantly higher incidence of current smok-
ing in the TAAR group (33.3%) versus the HAAR group
(6.7%, P � 0.008).

Etiology
A total of 147 (51.2%) patients had simple age-

related degenerative disease in which we also in-
cluded atherosclerotic aneurysms and bicuspid valve
syndrome-related aneurysms. Of these, 138 (48.1%)
were nondegenerative disease including such diagno-
ses as Marfan syndrome, Ehlers-Danlos syndrome, Lo-
eys-Dietz syndrome, infection, inflammation, and
pseudoaneurysms. Two patients had iatrogenic disease.
Etiology was poorly specified in our database, principally
because it is often uncertain, and in 13.6%, etiology was
not recorded. There was no significant difference be-
tween the TAAR and HAAR elective groups.
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Concomitant Procedures
A high proportion of patients required intervention

on the aortic valve (76.7%), and this was significantly
different between the two elective groups (HAAR, 87.1%;
TAAR, 64.2%, P � 0.001). This was typically associated
with aortic root replacement in the two groups together
(76.7%), although this was not statistically different be-
tween the two elective groups (Table 1). A similar trend
was observed in the nonelective cohort (Table 2). Coro-

nary artery bypass graft (CABG) was required in 16% of
the entire group, and this was not significantly different
between elective HAAR and TAAR.

Preoperative Outcomes
Non-normally distributed variables are shown as

median (interquartile range); thus, time on cardiopul-
monary bypass was 330 (272, 394) min (for complete-
ness, the mean � standard deviation (SD) was 337.5 �

Table 1. Pre- and Perioperative Patient Data in All Patients and Elective Hemi-aortic Arch Repair (HAAR) and Total Aortic Arch
Repair (TAAR)

Variables All AAR (n � 287)
Elective HAAR
(n � 140)

Elective TAAR
(n � 81) p-value

Age at operation (years) 63.7 (52.4, 71.5) 64.3 (53.7, 71.9) 65.3 (46.6, 72.1) 0.25
Female gender 115 (40.1) 48 (34.3) 40 (49.4) 0.03
Comorbidities

Body mass index (kg/m2) 26.9 (24.3, 30.1) 27.5 (24.9, 30.4) 26.0 (23.2, 29.3) 0.03
Left ventricular ejection fraction � 50% 58 (20.2) 31 (22.1) 9 (11.1) 0.04
NYHA class � III 76 (26.5) 41 (29.3) 20 (24.7) 0.46
Current smoker 39 (13.6) 16 (11.4) 9 (11.1) 0.94
Diabetes 16 (5.6) 8 (5.7) 4 (4.9) � 0.99
Hypercholesterolemia 133 (46.3) 77 (55.0) 36 (44.4) 0.13
Hypertension 159 (55.4) 76 (54.3) 47 (58.0) 0.59
Cerebrovascular disease 23 (8.0) 12 (8.6) 6 (7.4) 0.76
Respiratory disease 100 (34.8) 52 (37.1) 34 (42.0) 0.48
Peripheral vascular disease 21 (7.3) 6 (4.3) 10 (12.4) 0.03
Renal dysfunction 17 (5.9) 3 (2.1) 3 (3.7) 0.67
Previous cardiac surgery 48 (16.7) 14 (10.0) 25 (30.9) � 0.001

Etiology
Degenerative 147 (51.2) 72 (51.4) 44 (54.3) 0.68
Nondegenerative 138 (48.1) 67 (47.9) 37 (45.7) 0.75
Iatrogenic 2 (0.7) 1 (0.7) 0 (0) �0.99

Priority
Nonelective procedure 66(23.0%)

Extent of arch
Total arch 117 (40.8) 81 (100)
Hemiarch 170 (59.2) 140 (100)

Concomitant procedures
Aortic valve replacement 220 (76.7) 122 (87.1) 52 (64.2) � 0.001
Mitral valve replacement/repair 4 (1.4) 2 (1.4) 1 (1.2) � 0.99
Tricuspid valve 2 (0.7) 1 (0.7) 1 (1.2) � 0.99
Pulmonary valve 1 (0.4) 0 (0) 1 (1.2) � 0.99
CABG 46 (16.0) 26 (18.6) 10 (12.4) 0.23
Aortic root 220 (76.7) 114 (81.4) 58 (71.6) 0.09
Thoracic aorta 18 (6.3) 1 (0.7) 2 (2.5) 0.56

Operative times
Circulatory arrest 38 (24, 68) 28 (20, 34.5) 68 (45, 99) � 0.001
Cardiopulmonary bypass 330 (272, 394) 299 (256, 341) 358 (280, 434) � 0.001
Aortic crossclamp 185 (140, 238) 174 (138, 207) 201 (135.5, 267.5) 0.02

Categorical variables shown as n (%), continuous variables shown as median (25th percentile, 75th percentile). NYHA, New York Heart Association; CABG, coronary artery bypass graft.

60 Original Research Article

Bashir, M. et al. Early and Medium-Term Survival of Aortic Arch Repair



98.9 min). Similarly, time for circulatory arrest was 38
(24, 68; 50 � 38.5) min. Cardiopulmonary bypass time
and circulatory arrest time were significantly longer in
the TAAR group than in the HAAR group for both
elective and nonelective cohorts.

In-Hospital and Survival Outcomes
Median (interquartile range; mean � SD) stay in

intensive care was 3 (2, 6; 6.4 � 10.7) days, while
overall postoperative length of stay in hospital was
11 (8, 17; 15.2 � 15.4) days. A total of 35 (12.2%)
patients remained on mechanically assisted ventila-
tion for more than 48 hours, 21 (7.3%) suffered
acute renal failure, 18 (6.3%) patients required a

reexploration for bleeding, 16 (5.6%) patients suf-
fered a stroke [CVA � 13 (4.5%), TIA � 3 (1.1%)], 19
(6.6%) patients experienced postoperative confu-
sion, and there was 1 (0.7%) deep sternal wound
infection. A total of 23 (8.0%) patients died in-
hospital, and survival at 1, 3 and 5 years was 87.5%,
80.8%, and 79.1%, respectively. The mean (�/- stan-
dard error) survival period was 3.9 (0.12) years.

When looking at elective HAAR versus TAAR, the
ITU length of stay was significantly longer in the latter
group; however, key outcomes such as mortality,
stroke, acute renal failure, prolonged ventilation, re-
intubation, and reexploration for bleeding did not
reach statistical significance. In-hospital mortality in

Table 2. Pre- and Perioperative Patient Data in Nonelective Hemi-aortic Arch Repair (HAAR) and Total Arch Repair (TAAR)

Variables
Nonelective HAAR
(n � 30)

Nonelective TAAR
(n � 36) p-value

Age at operation (years) 60.6 (52.1, 74.3) 59.3 (53.1, 67.2) 0.58
Female gender 10 (33.3) 17 (47.2) 0.25
Comorbidities

Body mass index (kg/m2) 27.8 (24.2, 31.6) 26.7 (24.1, 29.0) 0.28
Left ventricular ejection fraction � 50% 10 (33.3) 8 (22.2) 0.31
NYHA class � III 8 (26.7) 7 (19.4) 0.49
Current smoker 2 (6.7) 12 (33.3) 0.008
Diabetes 2 (6.7) 2 (5.6) � 0.99
Hypercholesterolaemia 7 (23.3) 13 (36.1) 0.26
Hypertension 16 (53.3) 20 (55.6) 0.86
Cerebrovascular disease 3 (10.0) 2 (5.6) 0.65
Respiratory disease 9 (30.0) 5 (13.9) 0.11
Peripheral vascular disease 4 (13.3) 1 (2.8) 0.17
Renal dysfunction 6 (20.0) 5 (13.9) 0.51
Previous cardiac surgery 4 (13.3) 5 (13.9) � 0.99

Etiology
Degenerative 13 (43.3) 18 (50.0) 0.59
Nondegenerative 17 (56.7) 17 (47.2) 0.44
Iatrogenic 0 (0) 1 (2.8) � 0.99

Concomitant procedures
Aortic valve replacement 24 (80.0) 22 (61.1) 0.10
Mitral valve replacement/repair 0 (0) 1 (2.8) � 0.99
Tricuspid valve 0 (0) 0 (0)
Pulmonary valve 0 (0) 0 (0)
CABG 5 (16.7) 5 (13.9) � 0.99
Aortic root 22 (73.3) 26 (72.2) 0.92
Thoracic aorta 0 (0) 1 (2.8) � 0.99

Operative times
Circulatory arrest 44 (25, 56) 79.5 (52, 114) � 0.001
Cardiopulmonary bypass 340 (283, 440) 399 (348.5, 473) 0.01
Aortic crossclamp 184 (147, 207) 223 (157, 309) 0.04

NYHA, New York Heart Association; CABG, coronary artery bypass graft.
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HAAR and TAAR was significantly and dramatically
higher in nonelective groups versus elective groups
(Tables 3 and 4).

In-hospital mortality, 30 day mortality, and 1 year
and 5 year survival were not different between elec-
tive HAAR and TAAR groups.

We matched the 287 patients by age and gender
to the UK population life tables available from the
United Kingdom Office of National Statistics (http://
www.ons.gov.uk/). The resulting Kaplan-Meier chart
comparing survival is shown in Figure 1. The median
follow-up period for aortic arch patients was 2.8 years.
Figure 2 and 2b show sex- and age- matched survival
broken down into elective HAAR and TAAR.

Univariate Analysis
Table 5 shows the univariate analysis of risk factors

for overall survival. Nine perioperative factors were
identified to be statistically significant: age at opera-
tion � 65 years (P � 0.007), angina class IV (P � 0.005),
NYHA class � III (P � 0.002), diabetes (P � 0.038),
respiratory disease (P � 0.02), peripheral vascular dis-
ease (P � 0.001), preoperative renal dysfunction (de-
fined as patients with a functioning renal transplant
and patients with acute or chronic renal failure or
insufficiency; P � 0.001), concurrent CABG operation

(P � 0.029), circulatory arrest time � 100 min (P �
0.001), and cardiopulmonary bypass time � 450 min-
utes (P � 0.001).

Multivariate Analysis
Multivariate analysis of patient risk factors revealed

5 variables independently associated with overall fol-
low-up survival (Table 6): renal dysfunction [HR � 3.11;
95% confidence interval (CI) � 1.44 to 6.73; P � 0.001],
NYHA class � III (HR � 2.25; 95% CI � 1.38 to 3.67;
P � 0.002), circulatory arrest time � 100 min (HR �
2.92; 95% CI � 1.57 to 5.43; P � 0.001), peripheral
vascular disease (HR � 2.44; 95% CI � 1.25 to 4.74;
P � 0.004), and concomitant CABG operation (HR �
2.14; 95% CI � 1.20 to 3.80; P � 0.008) (Table 3). The
c-statistic for the Cox model was 0.72, indicating an
acceptable level of discrimination.

Elephant Trunk Procedures
A total of 117 patients of the entire cohort (81

elective and 36 nonelective) included either a conven-
tional or frozen elephant trunk. Table 7 shows selected
and important clinical outcomes from these proce-
dures. No patients suffered paraplegia following these
procedures.

Table 3. In-Hospital and Follow-up Outcomes in All Patients and Elective Hemi-aortic Arch Repair (HAAR) and Total Aortic Arch
Repair (TAAR)

Variables
All AAR
(n � 287)

Elective HAAR
(n � 140)

Elective TAAR
(n � 81) p-value

Intubation time (hours) 16 (11, 28) 16 (10.5, 23) 16 (12, 38) 0.17
ITU stay (days) 3 (2, 6) 2 (1, 4) 4(2, 7) � 0.001
Postoperative stay (days) 11 (8, 17) 10 (7, 14) 12 (9, 21) � 0.001
Re-intubation 22 (7.7) 6 (4.3) 9 (11.1) 0.052
Prolonged ventilation (� 48 h) 35 (12.2) 12 (8.6) 13 (16.1) 0.09
Acute renal failure 21 (7.3) 6 (4.3) 5 (6.2) 0.54
Deep sternal wound infection 1 (0.4) 0 (0) 1 (1.2) 0.37
Reexploration for bleeding 18 (6.3) 6 (4.3) 4 (4.9) � 0.99
All stroke 16 (5.6) 4 (2.9) 4 (4.9) 0.47

CVA 13 (4.5) 3 (2.1) 4 (4.9) 0.26
TIA/RIND 3 (1.1) 1 (0.7) 0 (0) � 0.99

Confusion 19 (6.6) 5 (3.6) 10 (12.4) 0.01
In-hospital mortality 23 (8.0) 3 (2.1) 5 (6.2) 0.15
30 day mortality 19 (6.6) 3 (2.1) 3 (3.7) 0.67
1 yr mortality 36 (12.5) 11 (7.9) 9 (11.1) 0.42
5 yr mortality 60 (20.9) 22 (15.7) 21 (25.9) 0.065

Categorical variables shown as n (%), continuous variables shown as median (25th percentile, 75th percentile). ITU, Intensive Treatment Unit; CVA, cardiovascular accident;

TIA/RIND, transient ischemic attack/reversible ischemic neurologic deficit.
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Discussion

Evolution of surgical techniques and periopera-
tive care has significantly improved morbidity and
mortality rates for patients undergoing aortic arch
surgery. Whereas early surgical series reported mor-
tality rates that would be prohibitive today [5],
recent studies have published rates largely in single
figures [1–4]. A number of studies have also pub-
lished rudimentary survival data demonstrating a
beneficial effect of surgery compared to estimated
natural history of patients with aortic arch aneu-

rysms [8,9,13]. The objectives of this study were to:
1) report, compare, and analyze our morbidity and
mortality outcomes for hemiarch and total aortic
arch surgery; 2) examine the survival benefit of
hemiarch and total aortic arch surgery compared to
age- and sex-matched controls; and 3) define fac-
tors which influence survival in these two groups
and, in particular, identify those that are modifiable
and potentially actionable.

Characteristics of the Cohort
The median age of our patients was 63.7 years

with 40.1% being female. Apart from previous car-
diac surgery, there were no significant differences in
comorbidities between those patients undergoing
elective hemiarch and total aortic arch surgery (Ta-
ble 1). In the nonelective patients, current smoking
was significantly more common in the total aortic
arch group (6.7% versus 33.3%, P � 0.008; Table 2).
Of significant interest in our cohort was the pres-
ence of symptoms in the form of breathlessness
(NYHA class � III). Typically, thoracic aortic aneu-
rysms have been thought of as largely asymptom-
atic. This feature of our cohort is multifactorial. The
most likely cause is the high incidence of aortic
valve disease with 76.7% of our entire cohort un-
dergoing aortic valve surgery. In addition to that,
16% underwent concomitant coronary artery by-

Table 4. In-Hospital and Follow-up Outcomes in Nonelective Hemi-aortic Arch Repair (HAAR) and Total Aortic Arch Repair (TAAR)

Variables
Nonelective HAAR
(n � 30)

Nonelective TAAR
(n � 36) p-value

Intubation time (hours) 10 (8, 24) 27 (14, 79) 0.03
ITU stay (days) 4 (3, 11.5) 5 (2, 8.5) 0.81
Postoperative stay (days) 11 (8, 19) 11 (9, 19.5) 0.62
Re-intubation 4 (13.3) 3 (8.3) 0.69
Prolonged ventilation (� 48 h) 3 (10.0) 7 (19.4) 0.33
Acute renal failure 2 (6.7) 8 (22.2) 0.10
Deep sternal wound infection 0 (0) 0 (0)
Reexploration for bleeding 5 (16.7) 3 (8.3) 0.45
All stroke 3 (10.0) 5 (13.9) 0.72

CVA 2 (6.7) 4 (11.1) 0.68
TIA/RIND 1 (3.3) 1 (2.8) � 0.99

Confusion 1 (3.3) 3 (8.3) 0.62
In-hospital mortality 6 (20.0) 9 (25.0) 0.63
30 day mortality 5 (16.7) 8 (22.2) 0.57
1 yr mortality 7 (23.3) 9 (25.0) 0.88
5 yr mortality 8 (26.7) 9 (25.0) 0.88

CVA, cardiovascular accident; TIA/RIND, transient ischemic attack/reversible ischemic neurologic deficit.

Figure 1. Aortic arch replacement Kaplan-Meier chart with
age- and sex-matched general population.
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pass grafting, thus ischemic heart disease had been
a likely additional cause of symptoms. Two other
characteristics important in conferring symptoms
are the left ventricular dysfunction (ejection fraction
� 50% in 20.2%) and the incidence of respiratory
disease (34.8%). Current smoking was documented
in 13.6% of the entire group. These data confirm
that a good proportion of our patients underwent
surgery on both symptomatic and prognostic
grounds. This feature is contrary to common dogma
that thoracic aortic aneurysm patients are largely
asymptomatic, although this is likely true absent the
additional factors enumerated above.

Annualized Morbidity and Mortality Outcomes from
Aortic Arch Surgery

The entire cohort of patients (287) undergoing
some form of aortic arch surgery under deep hypo-

thermic circulatory arrest had an in-hospital mortality
of 8% and stroke rate of 5.6%. Other key outcome
measures were prolonged ventilation (12.2%), acute
renal failure (7.3%), reexploration for bleeding (6.3%),
and deep sternal wound infection (0.4%). Stroke rate
in the entire group was 5.6% with an additional 1.1%
suffering TIA and 6.6% confusion.

Our institution has developed a “Quality Outcomes
Framework” (QOF), broadly based on Society of Tho-
racic Surgeons (STS) Quality Performance Measures in
cardiac surgery (www.sts.org/quality), for internal re-
porting of annualized data from aortic arch surgery.
Unlike the STS measures, which include indicators of
process, structure, and outcome, our QOF concen-
trates on outcomes, annualized, and is presented as a
“Statistical Process Control Chart” (Appendices). These
include in-hospital mortality, 30 day mortality and 1
year mortality, stroke, reexploration, postoperative re-
nal failure, and prolonged ventilation. This mechanism
allows us to monitor the stability of our outcomes
annually and investigate and modify processes when
deviation is observed. These data are presented in
Appendices and not only demonstrate our increasing
annual activity over time but also the relative stability
of outcomes with little influence of the change in
service provision from 2007 (see Methods). Stability of
outcomes, particularly major morbidity and mortality,
is an important platform for interpreting our survival
data and the influences on it.

An interesting aspect of our outcomes is seen when
the elective hemiarch and total arch cohorts are exam-
ined separately. There were no significant differences in
our QOF measures of in-hospital mortality, 30 day mor-
tality, 1 year mortality, prolonged ventilation, acute renal
failure, reexploration bleeding, or stroke (Table 3). Even
more surprising, although the absolute differences in
these two groups within the nonelective cohort were
significantly different (Table 4), the relative difference
between hemiarch and total arch were nonsignificant.
This has informed our consent process and operative
strategies. It gives assurance that organ protection strat-
egies are sufficiently robust to allow resection of the total
arch where indicated, at the price of a small but nonsig-
nificantly higher morbidity and mortality.

Survival Outcomes
Age- and sex-matched survival. Our data as an en-

tirety show that survival following some form of aortic
arch surgery, under hypothermic circulatory arrest,

Figure 2. (a) Elective hemi-aortic arch repair (HAAR) chart
with age- and sex-matched general population comparator. (b)
Elective total hemi-aortic arch repair (TAAR) chart with age-
and sex-matched general population comparator.
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matched to age and sex of the UK population (Fig. 1),
is parallel beyond 2 years with a disparity of approx-
imately 20%. The reasons underlying this effect at 2
years are seen in Figure 2 and 2b. These figures dem-
onstrate survival in hemiarch and total aortic arch

groups matched by age and sex. While the hemiarch
group survival is fairly flat and parallel with controls,
separated by 10%, the survival in total aortic arch
patients is somewhat different, albeit on an expanded
Y-axis. Survival in the total aortic arch group drops off
quickly over the first 24 months to approximately 70%
and then remains fairly flat out to 5 years. In absolute
terms, the 5 year survival of 70% is comparable with
other published series [8,9,13]; however, the shape of
the survival curve for this subset of patients of ours is
unusual. The Safi group [8] reported a 72% and 71%
survival at 5 and 10 years, respectively, from 1991 to
2001. A separate report from the Mount Sinai group
[1] described long-term survival in 206 aortic arch
patients, reporting a 6 year survival rate of 75%. In a
large study of 721 patients followed over 17 years,
Patel et al. [9] reported survival at 5 years to be 80%,

Table 5. Univariate Analysis Showing Significant Risk Factors For Follow-up Survival in All Aortic Arch Repair (AAR) Patients

Variables Patients (n)
Median follow-up
(months)

Survival rate (%)

p-value1 Year 3 Years 5 Years

Total 287 33.4 87.5 80.8 79.1
Age at operation (years)

� 65 155 35.3 90.3 85.2 84.5
0.007� 65 132 27.2 84.1 75.8 72.7

NYHA class � III
No 211 33.8 89.1 84.4 83.4

0.002Yes 76 29.7 82.9 71.1 67.1
Diabetes

No 271 34.8 88.2 81.9 80.1
0.038Yes 16 14.8 75 62.5 62.5

Respiratory disease
No 187 31.6 89.3 84.5 84

0.02Yes 100 35.3 84 74 70
Peripheral vascular disease

No 266 34.5 88.4 82.3 81.2
� 0.001Yes 21 25.6 76.2 61.9 52.4

Preoperative renal dysfunction
No 270 35.4 89.6 82.6 80.7

� 0.001Yes 17 6 52.9 52.9 52.9
Concomitant CABG procedure

No 241 33.8 89.6 83.4 81.7
0.029Yes 46 28.4 76.1 67.4 65.2

Circulatory arrest (minutes)
�100 251 37.5 88.8 83.3 81.3

0.001�100 36 18.8 77.8 63.9 63.9
Cardiopulmonary bypass (minutes)

� 450 251 35.1 90.4 84.5 82.5
� 0.001�450 36 19.3 66.7 55.6 55.6

CABG, Coronary artery bypass graft.

Table 6. Multivariable Analysis Showing Risk Factors for Fol-
low-up Survival in All Aortic Arch Repair (AAR) Patients

Risk factors
Hazard
ratio 95% CI p-value

Preoperative renal dysfunction 3.11 1.44, 6.73 � 0.001
NYHA class � III 2.25 1.38, 3.67 0.002
Circulatory arrest time � 100 min 2.92 1.57, 5.43 0.001
Peripheral vascular disease 2.44 1.25, 4.74 0.004
Concomitant CABG operation 2.14 1.20, 3.80 0.008

c-index � 0.72.
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with 10 and 12 year survival of 65% and 51%, respec-
tively. Our captured follow-up data systems do not
allow us to easily determine the cause of this early
attrition in our total arch cohort. Future enquiry will
focus on causes of early death in this group and act as
a focus of effort to identify modifiable risk factors. For
the present, these data allow us to better inform the
consent process.

Univariate and multivariate analysis of survival
Univariate analysis of the entire cohort found sig-

nificant relationships between survival and age (65
years), NYHA class � III, diabetes, respiratory disease,
peripheral vascular disease, renal dysfunction, con-
comitant CABG, circulatory arrest time (� 100 min)
and cardiopulmonary bypass (� 450 min). Multivariate
analysis demonstrated that independent factors asso-
ciated with survival were renal dysfunction (HR 3.11),
NYHA class � III (HR 2.25), circulatory arrest time
(� 100 min; HR 2.92), peripheral vascular disease (HR
2.44), and concomitant CABG (HR 2.14).

Safi’s group [8] identified increasing age, chronic
obstructive pulmonary disease, concurrent unoper-
ated aneurysm, arch involvement, pump time, concur-
rent aortic valve replacement, and postoperative renal
failure to negatively affect survival following aortic
arch repair. Interestingly, Crawford’s group, of which
Safi was a part, published a similar paper on influences
on survival in 1989 [13], showing independent predic-

tors of follow-up survival were: aneurysm symptoms,
preoperative angina, extent of proximal replacement,
associated residual distal aneurysm, balloon pump,
renal dysfunction, cardiac dysfunction, and stroke.
Several predictors of late mortality identified by Patel
et al. [9] included increasing age, preoperative renal
function, history of CABG or descending aortic re-
placement, prolonged circulatory arrest time, and
postoperative tracheostomy.

Independent influences on survival
NYHA class � III. The finding of NYHA class � III�

as an independent risk factor for survival (HR 2.25, P �
0.002) is most likely a surrogate marker for a multitude
of pathologies underlying this symptom—a compos-
ite variable—which independently are not significant.
These include aortic valve disease, ischemic heart dis-
ease, impaired left ventricular function, and respira-
tory disease. By far, the largest proportion of patients,
however, required aortic valve replacement, but this
did not come out as an independently significant
variable with respect to survival. A recent study exam-
ining NYHA class at the time of aortic valve repair
(AVR) for severe aortic stenosis [14] demonstrated that
patients with NYHA III–IV had significantly impaired
short- and long-term survival compared to those with
NYHA I–II, even with preserved left ventricular func-
tion. Ischemic heart disease, ventricular dysfunction,
and respiratory compromise might all be expected to
negatively impact prognosis independent of aortic
disease. A study by Leavitt et al. 2006 [15] has shown
that in patients who have undergone CABG, survival
over 10 years is significantly impaired in those patients
with a diagnosis of COPD. Similarly, survival has been
shown to be impacted by ischemic heart disease and
ventricular dysfunction [16]. Unlike most series, a good
proportion of our patients were symptomatic from
concomitant disease rather than aneurysm per se, and
these data suggest that earlier intervention before
development of symptoms is appropriate. Interest-
ingly, Crawford’s original series [13] did demonstrated
the presence of symptoms in the form of angina as an
independent variable in long-term survival following
aortic arch surgery. Preoperative investigation and ag-
gressive optimization of causes of breathlessness may
represent an opportunity to improve not only periop-
erative morbidity and mortality, but also longer-term
survival in these patients.

Table 7. Elephant Trunk (ET) Postoperative Complications

Variable

Total arch replacement

p-value
Elective
(n � 81)

Nonelective
(n � 36)

Conventional ET 37 (49.3) 13 (37.1) 0.23
Stroke 2/37 (5.4) 1/13 (7.7) �0.99
In-hospital mortality 4/37 (10.8) 1/13 (7.7) �0.99
30 day mortality 3/37 (8.1) 1/13 (7.7) �0.99

Frozen ET 7 (9.3) 5 (14.3) 0.52
Stroke 0/7 (0) 0/5 (0) –
In-hospital mortality 0/7 (0) 1/5 (20.0) 0.42
30 day mortality 0/7 (0) 1/5 (20.0) 0.42

Reverse ET (2nd stage) 2 (2.7) 0 (0) �0.99
Stroke 0/2 (0) 0 (0) –
In-hospital mortality 0/2 (0) 0 (0) –
30 day mortality 0/2 (0) 0 (0) –

Categorical variables shown as n (%); comparisons made with �2 and Fisher’s exact

tests as appropriate.
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Postoperative renal dysfunction. Preoperative renal
impairment has the highest hazard ratio in our multi-
variate model (3.11, P � 0.0001) of risk factors for
follow-up survival. A recent study [17] in which a large
cohort of patients undergoing cardiac surgery, includ-
ing aortic surgery, were examined for a relationship
between renal impairment and survival showed that,
preoperative renal dysfunction is a predictor of long-
term mortality in cardiac surgery patients. Indeed, in a
large series of aortic patients presented by Patel et al.
[9], preoperative renal impairment was an indepen-
dent predictor of survival. In the original Crawford
series [13], renal dysfunction was a significant variable.
Interestingly, Estrera et al. [8], in 2002, found postop-
erative renal failure but not preoperative renal impair-
ment as a risk factor for follow-up survival. Certainly,
Loef et al. [18], in 2005, drew a similar conclusion in a
large series of patients undergoing cardiac surgery:
immediate postoperative renal function deterioration
in cardiac surgical patients predicts in-hospital mortal-
ity and long-term survival (HR 1.83). While postoper-
ative renal failure and its relationship to survival are, of
course, interesting, this points us to providing excel-
lent preoperative and postoperative care. Preopera-
tive renal impairment and its relationship to survival
offer us an opportunity to modify and improve the
health status of the patient with a view to improving
long-term survival. Taken together, evidence suggests
that meticulous attention to modifying or maintaining
renal function in the perioperative period is crucial to
long-term survival.

Circulatory arrest time � 100 min. Intuitively, pro-
longed periods of circulatory arrest will cause signifi-
cant physiological distress. Indeed, numerous studies
have discussed durations of circulatory arrest as sig-
nificant predictors of death and morbidity such as
stroke, many of these summarized in systematic re-
views [10,19,20]. Such morbidity will of course have
consequences for survival. While prolonged circula-
tory arrest times may simply reflect complex anatomy
and pathologies such as acute Type A dissection,
chronic Type A dissection or infective processes, these
times are also determined by the orchestration of the
operation in terms of early distal body perfusion, use
of various branched configurations for arch vessels, or
the Carrel patch technique. The definition of the cir-
culatory arrest time is also important in understanding
and interpreting studies. In this study, we have taken
circulatory arrest time as the time taken to reestablish

distal body perfusion. In the case of hemiarch, this
definition is easily understood as completion of the
anastomosis is the point of return of distal body per-
fusion and cerebral perfusion. When total arch with
Carrel patch is employed, again, the definition is easily
understood as completion of the distal anastomosis
and patch is the point at which distal and cerebral
perfusion is established. However in total arch replace-
ment, when separate branches were employed, distal
perfusion was reestablished on completion of the dis-
tal anastomosis. Each head vessel was then anasto-
mosed sequentially with ongoing anterograde cere-
bral perfusion, and in these cases, the circulatory
arrest time was less than the “assisted cerebral perfu-
sion time” by the duration of time it took to reanas-
tomose 1-3 cerebral vessels. In terms of modifiable risk
factors, the more frequent use of individual branches
as opposed to a Carrel patch has allowed us to
reduce our circulatory arrest times, although we
have yet to see this translate into survival benefit.
We have not yet acquired an easy, safe, and repro-
ducible mechanism to establish distal perfusion dur-
ing construction of the distal anastomosis, but this
would effectively reduce circulatory arrest time fur-
ther, as defined in our series.

Peripheral vascular disease. With the exception of
one small study of 62 patients, which revealed that
peripheral vascular disease was significantly associ-
ated with transient neurological dysfunction following
arch surgery [21], little has been published. This may
be because of the small number of patients with
peripheral vascular disease in other studies, and even
with our patient cohort, only 7.3% were found to have
peripheral vascular disease. Clearly, atherosclerotic
burden might be expected to influence follow-up sur-
vival. A study by Kurra et al. [22] studied computed
tomography imaging data on 862 patients undergo-
ing cardiac surgeries and quantified a “plaque burden
score.” They concluded that the extent of thoracic
atheroma burden is independently associated with
increased long-term mortality in patients following
cardiothoracic surgery. This again provides opportu-
nity to modify survival by careful investigation and
treatment of peripheral vascular disease both preop-
eratively and postoperatively.

Concomitant CABG operation. In our study, 16% of
patients underwent concomitant CABG. A number of
previous studies have described outcomes from con-
comitant CABG and aortic surgery. As far back as 2002,
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Hitoshi Yokoyama [23] summarized the outcomes of 6
studies between 1989 and 2001 demonstrating higher
operative mortality and morbidity from concomitant
CABG. Our study demonstrates that concomitant
CABG is not associated with higher operative mortality
but is associated with worse postoperative follow-up
survival, with a hazard ratio of 2.14 (P � 0.008). There
is a wealth of data from numerous studies demon-
strating that concomitant CABG at the time of AVR is
negatively associated with survival [23,24], and data
from the Bristol group [25] have reported reduced 3
year survival in patients undergoing concomitant
CABG at the time of ascending/arch surgery. Coronary
grafting at the time of aortic arch surgery is required
for symptomatic reasons and to aid myocardial pro-
tection at the time of surgery; it does not, however,
appear to be associated with prognostic benefit. On
the face of it, this does not appear to be a modifiable
risk factor coming into surgery.

Managing Perioperative Risk Factors for Long-term
Survival—“Primary and Secondary Prophylaxis”

Good long-term survival does not just happen.
Careful attention is required to modifiable risk factors
preoperatively, and the best possible pre- and post-
operative care is crucial. Care for these patients should

not end on discharge from hospital. Lifelong follow-up
and attention to ongoing secondary prophylaxis is
important.

Conclusions

Morbidity, mortality, and medium-term survival
were not statistically different for patients undergo-
ing elective hemi-aortic arch and total aortic arch
surgery. The survival curve in this group of patients
is flat and parallel to sex- and age-matched controls
beyond 2 years. Multivariate analysis identified in-
dependent influences on survival as renal dysfunc-
tion, NYHA class � III, circulatory arrest time (� 100
min), peripheral vascular disease, and concomitant
CABG. Focus on preoperative optimization of some
of these variables may positively influence long-
term survival.
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EDITOR’S QUESTIONS

1. In your discussion, you emphasize that there were no
differences in outcomes between hemi-arch and total arch
patients, either acutely or in later follow-up. Yet, numeri-
cally in-hospital mortality was higher in the total arch
group (6.2% vs 2.1%), stroke was higher (4.9% vs 2.9%),

renal failure was higher (6.2% vs 4.3%), and prolonged
ventilation was higher (16.1% vs 8.6%). Also, mortality at
5-years was higher (25.9% vs 15.7%). Do you think that all
the p-values for these powerful trends might have been
significant if your “n” was larger?

Although many of the patient outcomes did not achieve sta-
tistical significance when comparing total arch to hemi-arch
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operations, they do show a percentage difference that is
strongly suggestive of statistical significance given larger sam-
ple sizes. The trend towards higher rates of mortality and
morbidity in patients undergoing the more invasive total arch
procedure is not unexpected, and we would presume that these
clinically appropriate differences would result in a p value �
0.05 in series with greater activity.
2. You usefully identify predictors of poor long-term survival

after aortic arch replacement (NYHA Class � 3, preoperative
renal dysfunction, long circulatory arrest time, presence of
peripheral vascular disease, and concomitant CABG). Do you
really think we can improve long-term outcome by optimiz-
ing these factors? Circulatory arrest is a matter of technical
ability, or the anatomy. Breathing issues, asthma, peripheral
vascular disease, and concomitant CAD are all comorbidities,
largely beyond our control. You have identified these impor-
tant predictors, but influencing them beneficially is another
story. Please comment.

General optimization of patients prior to major aortic surgery is

key to reducing risk of mortality and immediate post-operative
morbidity. Enhanced recovery requires a close scrutiny of co-
morbitities such as LV function, renal impairment, respiratory disease
and nutrition and where possible optimization either preoperatively
or perioperatively. Our paper identifies factors associated with long-
term survival. Identifying these and attempting to optimize will not
only help reduce operative risk but also possibly improve survival.
NYHA Class does reflect issues such as poor LV function, valve,
coronary and respiratory disease, all of which may be addressed to
some degree. Renal impairment may be addressed depending on
etiology. Circulatory arrest time may be reduced by measures such as
branched grafts, augmented cerebral perfusion and distal perfusion.

We simply aim to identify factors that may be scrutinized pre-
operatively as part of an enhanced recovery program improving
immediate and long-term outcomes. Out intention is to look beyond
simply good mortality outcomes and low incidence of markers of key
quality outcomes, towards longer-term survival.
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