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Abstract

Objectives Thoracic aortic aneurysms and dissections provide a complex surgical cohort termed thoracic aortic
surgery. Regular follow-up at specialist clinics with cross-sectional imaging is recommended. Identifying risk factors
that lead to re-operations as well as the requirement for and appropriate length of follow-up remain points of debate.

Methods Patients undergoing thoracic aortic surgery performed at a single centre from January 2012 to December
2022 were retrospectively reviewed. The clinical information, operative details, histological reports, post-operative
outcomes and follow up were collected from electronic patient records. Statistical analysis was performed using
Microsoft Excel and R Studio.

Results 409 patients met the inclusion criteria for the study with a median follow-up of 3.8 years (IQR 1.6-7.6). The
prevalence of all cause re-operations was 10.8% (n=44). The median time to re-operation was 1.8 years. 68% of the
reoperations occurred within the first 5 years. Multi and univariate logistic regression identified young age, arteritis

and/or aortitis as the main risk factors associated with increased risk of re-operation. Connective tissue disease and

systemic inflammatory diseases approached but didn't meet statistical significance. Bicuspid aortic valve pathology
was associated with reduced risk of re-operation.

Conclusions Patients undergoing thoracic aortic surgery have a high rate of re-operation. The first 5 years represent
a high-risk period and follow-up with cross-sectional imaging during that time by specialist aortic services is essential.
Patient with aortitis remain at high risk and should be treated by appropriate by specialist aortic services with
subspecialty interest and expertise on treating patients with aortitis.
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Introduction/Background

Thoracic aortic aneurysms and Type-A aortic dissections
(TAAD) provide a complex surgical cohort which is often
termed thoracic aortic surgery. Thoracic aortic surgery
depends on the extent of the pathology and can be lim-
ited to isolated segments, such as an interpositional graft
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in the ascending aorta at the time of an aortic dissection
repair, to near total replacement of the thoracic aorta
with a frozen elephant trunk. The incidence of thoracic
aortic surgery is increasing globally as healthcare screen-
ing and investigations detect more aortic aneurysms and
dissections [1] and it is often associated with significant
morbidity and mortality [2—5] despite reported improve-
ments over recent years (United Kingdom (UK) data:
11.6% in 2002/3 to 8.9% in 2015/16 for elective [6] and
20.2% in 2013-14 to 17.2% in 2021-22 [7] for mainly
TAAD repairs.
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Long-Term Outcomes in Thoracic Aortic Surgery: 11 Year Single Centre Experience

Thoracic aortic surgery has a high re-
operation rate but there is little evidence on
who and how long these patients should be
followed-up for. Our 11-year retrospective
cohort study has reported a 10.8% re-
operation rate, with the first 5 years being the
highest risk period (68% of re-operations).
During this time, cross-sectional imaging by
specialist aortic services are essential.
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Graph of re-operations by time (years) and indication.

Reporting outcomes in thoracic aortic surgery is chal-
lenging due to the range of procedures performed. There
is an increasing drive to centralise complex aortic sur-
gery in tertiary centres to create high volume units [8]
and deliver a specialist aortic service to TAAD, aiming to
achieve a reduction to observed mortality for TAAD by
50% [9]. The Society for Cardiac Surgery reports regularly
on the outcomes of cardiac surgery [6]. Furthermore, car-
diac surgery in the UK is independently reviewed by the
National Adult Cardiac Surgery Audit which analyses
both unit and surgeon specific outcomes in cardiac sur-
gery [10]. However, long term outcomes are not reported,
mainly because long term follow-up in the UK is often
scattered between cardiothoracic centres and local car-
diology units. As a consequence, there no consensus on
who and how long these patients should typically be fol-
lowed up for.

We performed a single centre, retrospective, cross
sectional study over an 11-year period of patients who
underwent thoracic aortic surgery. The primary outcome
was to investigate the risks and timing to re-operation in
thoracic aortic surgery to provide evidence for an appro-
priate length of follow-up. The secondary outcome was
to identify risk factors associated with re-operations
and identify high risk patients that would benefit for
enhanced follow-up.

Methods

Ethical statement

This study was carried out in accordance with the Decla-
ration of Helsinki. All patients included in this study pro-
vided written informed consented to the use of their data
in clinical audits and research. Human ethics was not

required. This study was approved by Oxford University
Hospitals NHS Foundation Trust (Audit Number: 8036).

Study design

This is a retrospective cohort study of all thoracic aortic
operations performed at a single centre over an 11-year
period. The primary aim was to investigate the long-term
risk of re-operations in thoracic aortic surgery. The sec-
ondary aim was to use logistic regression to identify risk
factors for re-operation.

Inclusion criteria

The inclusion criteria for this study were all aortic
operations of the thoracic aorta performed by cardiac
surgeons. Thoracic aortic operations are defined as oper-
ations which replaced segments of the aorta, which in
our dataset were operations replacing the root, ascend-
ing, and/or arch of the aorta. This dataset did not include
patient that underwent thoracoabdominal or abdominal
aortic operations. Patients whose initial aortic pathology
was due to an infective aetiology, such as infective endo-
carditis and aortic root abscesses were excluded. Patients
that may have had infected grafts, requiring redo opera-
tion were included in the analysis. We excluded patients
with incomplete histological reports and cardiovascular
risk factors to allow regression analysis.

Data collection and sorting

We reviewed all thoracic aortic operations performed
at Oxford University Hospitals NHS Foundation Trust,
United Kingdom, between 1/1/2012 and 31/12/2022
with data prospectively stored on the unit’s database.
Data were extracted only for patients who had consented
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Table 1 Indications for re-operations, separated by indication for
initial operation

Indication for Re-Operation All-Group  Aneurysm  TAAD
N=44 n=27 n=17"
Aortic Valve Failure 6 (14%) 6 (22%) 0 (0%)
(Native or Replacement)
Graft Infection 11 (25%) 8 (30%) 3(18%)
Pseudoaneurysm 3 (6.8%) 1 (3.7%) 2 (12%)
Aneurysm 21 (48%) 12 (44%) 9 (53%)
Dissection 3(6.8%) 0 (0%) 3 (18%)

"n (%), TAAD = Type A Aortic Dissection

Table 2 Demographics of patient undergoing thoracic aortic

surgery

Patient Demographics N=409
Age 63 (52,72)
Sex (Male) 277 (68%)
BMI 26.8(23.9,309)"
Hypercholesterolemia 136 (33%)
Diabetes 17 (4.2%)
Hypertension 277 (68%)
Smoking Status

Current Smoker 40 (9.8%)
Previous Smoker 132 (32%)
Never Smoker 237 (58%)
Previous Cardiac Surgery 26 (6.4%)
Bicuspid Aortic Valve 153 (37%)
Previous Type B Dissection 8 (2.0%)
Connective Tissue Disease 27 (6.6%)
Arteritis 10 (2.4%)
Aortitis 46 (11%)
Systemic Inflammatory Condition 15 (3.7%)
Previous Chemotherapy or Radiotherapy 4 (1.0%)

'Median (IQRY); n (%)

the use of their information for audit and research. The
database contained the patient’s age at surgery, date
of operation and cardiovascular risk factors. Over the
period from January to March 2023, medical notes were
reviewed using the local electronic patient record system.
The following information was collected: intra-operative
details, the major indication for surgery, past medical his-
tory, aortic valve type, presence or absence of infective
endocarditis, histological report and post-operative out-
comes including requirement for further surgery.
Re-operations included all patients who had a re-oper-
ation after being discharged from the initial event and
beyond the initial 30 postoperative days (recorded as a
second event), patients who were listed for a re-operation
based on the same principles, but at the point of data col-
lection had not yet received it, and patients who required
a reoperation but were medically unfit. Re-operations in
the immediate post-operative period, due to post-oper-
ative bleeding, as well as re-operations for wound infec-
tions and/or sternal wire removal were excluded from the
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analysis. The cause of the re-operation is summarised in
Table 1. Pseudoaneurysms were defined as locally con-
tained haematomas of the aorta or anastomotic leaks,
based upon radiological reporting and intra-operative
findings.

Sorting was performed to ensure patient demograph-
ics, summarised in Table 2, were correct. Arteritis was
defined as a previous rheumatological diagnosis of
arteritis in another vascular bed which included Giant
Cell Arteritis, Takayasu’s arteritis and ANCA positive
vasculitis [11]. Aortitis was defined when the histol-
ogy sample taken at the time of the operation from the
resected segment of aorta demonstrated aortitis [12].
Other inflammatory conditions included inflammatory
and autoimmune diseases which are associated with an
increased risk of cardiovascular events such as Crohn’s
disease, polymyalgia rheumatica, systemic lupus ery-
thematous and rheumatoid arthritis [13]. Connective
tissue diseases included Marfan’s Syndrome, Loez-Dietz
Syndrome and hereditary thoracic aortic disease. Patients
were classified as diabetic if they were on oral hypogly-
caemic medication and/or insulin. Hypertension was
classified as: when patients were already under treatment
for hypertension or if the blood pressure was recorded as
>140mmHg/90mmHg on more than one occasion prior
to surgery. Smoking status was grouped as current, previ-
ous, or never smoker.

Follow-up time was defined as the time between the
initial operation to the point of data collection or death.
Patients out our centre were routinely seen in cardiac
surgery clinic for 1-5 years. Afterwards, they were seen
if they re-presented for a re-operation at out centre.
If a patient received an operation at another centre, we
received a letter from that institution to update us of the
changes. Patient notes were meticulously reviewed to
ensure re-operations at other centres weren’'t missed.

Seven patients underwent thoracic aortic surgery prior
to 2012 but received further aortic surgery within the
time frame we investigated. This cohort was included
as they provide valuable information on long term out-
comes in thoracic aortic surgery. Their age and date of
operation was corrected for their first operation. If only
the year of the previous surgery was only available, then
it was recorded as the first of June of the year given.

Statistical analysis
Statistical analysis was performed on Microsoft Excel and
R using RStudio (Version 2022.07.2).

Variables were checked for normality. Descriptive
statistics were employed to summarised patient demo-
graphics and indications for re-operations.

Logistic regression was used to investigate risk factors
for all cause re-operations and specifically for aneurysms,
dissection graft infections and pseudoaneurysms. Prior
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to running logistic regression, predictors were included
if they were present in more than 2.5% of the patients to
ensure the features truly explain the dataset. Variables
were grouped as necessary. Residual diagnostic regres-
sion testing was conducted for the primary outcomes.
Linearity of continuous variables with the outcomes was
assessed using fractional polynomials and collinearity
between variable was assessed by the variance inflation
factor (VIF).

Results

Patient demographics

Between 2012 and 2022, 690 procedures logged as tho-
racic aortic operations were performed on 678 patients
on the hospital database. On review of the medical
records, 612 patients were confirmed to have undergone
thoracic aortic surgery (423 aneurysms, 189 TAADs).
8 patients were excluded due to infective aetiologies,
72 due to a lack of aortic histology report and 123 were
removed due to incomplete dataset of cardiovascular risk
factors.

409 patients met the inclusion criteria and their pre-
operative, intraoperative and postoperative follow-up
data were included into the study, as per protocol. The
demographics of the patients included are summarised
in Table 2. Patients undergoing thoracic aortic surgery
were more likely to be male (67%). The dataset included
patients with connective tissue disease such as Marfan’s
syndrome and Loez-Dietz syndrome, as well as patients
with arteritis, aortitis and systemic inflammatory con-
ditions which are associated with aortic aneurysms and
dissections [14]. The median follow-up time was 3.8 years

Table 3 Mortality adjusted for length of follow-up and
indication for operation

Follow-Up Time  All-Group Aneurysm TAAD
Mortality Mortality Mortality
28 Day Mortality 3.9% (h=16/409) 2.1% (n=6/289)  8.3%
(n=10/120)
1 Year Mortality 8.1% (n=29/358) 4.8% (n=12/250) 15.7%
(n=17/108)
2 Year Mortality 9.7% (n=30/308)  6.5% (n=14/214) 17.0%
(n=16/94)
3 Year Mortality 10.1% (n=26/258)  6.1% (n=11/179) 19.0%
(n=15/79)
4 Year Mortality 11.7% (n=24/206) 5.6% (n=8/143)  25.4%
(n=16/63)
5 Year Mortality 14.3% (n=22/154)  55% (n=6/110)  36.4%
(n=16/44)
6 Year Mortality 15.0% (n=16/107)  6.4% (n=5/78) 37.9%
(n=11/29)
7 Year Mortality 17.3% (n=14/81) 8.8% (n=5/57) 37.5%
(n=9/24)
8 Year Mortality 18.2% (n=12/66) 8.3% (n=4/48) 44.4%
(n=8/18)

TAAD = Type A Aortic Dissection
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(IQR 1.6-7.6) and the longest follow-up was 29.6 years,
including patient who had first time and redo proce-
dures. The major indication for initial surgery was aortic
aneurysms (71%) and the median age at operation was
63 with a negative skew. At the point of data collection,
88.9% (n=363) of patients were alive.

Survival

Patients undergoing thoracic aortic surgery were at high
risk of mortality of up to 18.2% at 8 years post-surgery
(Table 3). Most deaths occurred within the first year (1
year adjusted mortality=8.1%, n=29/358). As expected,
mortality is higher in aortic dissections in comparison to
aneurysms (non-statistically significant) (Fig. 1a; Table 3).

Re-operations

Patients undergoing thoracic aortic surgery in our unit
had a 10.8% risk for reoperation (n=44/409). Aortic dis-
sections had a higher rate of reoperations at 14.2% in
comparison to elective aneurysm repairs (9.3%), but this
did not achieve statistical significance (Pearson’s Chi-
squared test, P=0.2). Kaplan Meier analysis comparing
the risk of re-operation by initial operation indication
over time also demonstrated a non-statistically signifi-
cant higher rate of re-operation for aortic dissections.
The cause of re-operation varied from aortic valve failure
to the development of new aneurysms, pseudoaneurysms
and dissection flap extensions which were managed with
open and/or endovascular surgery (Table 1). The com-
monest indication for re-operations in both cohorts is
due to new aneurysm formation.

The median time to re-operation was 1.8 years (IQR
1.0-4.4) with 68% (1=30/44) occurring within the first
5 years. Early causes of reoperation outside of the post-
operative period were typically graft infections and new
aneurysms or pseudoaneurysm formation. As time from
the initial operation increased, the development and new
aneurysms formation at a non-operated part of the tho-
racic aorta and valve failures became the predominant
indications for re-operation (Fig. 2).

Risk factors for re-operations

Univariate and multivariate logistic regression was per-
formed to investigate the risk factors for all cause re-
operations (Table 4). Univariate regression identified
arteritis and/or aortitis as significantly associated with
increased risk of re-operation, whilst increased age and
bicuspid aortic valve were associated with a statistically
significant reduction in the rate of re-operation. Con-
nective tissue disease and current smoking approached
but did not achieve statistical significance for re-oper-
ation. Multivariate regression also identified arteritis
and/or aortitis as significantly associated with increased
risk of re-operation, whilst increased age and bicuspid
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Fig. 1 Kaplan-Meier plots for the (a) survival and (b) re-operation free probability in thoracic aortic surgery based upon the initial operation. Log-rank
test has been used to compare the two groups

aortic valve were associated with a statistically significant Logistic regression analysis was also performed looking
reduction. The effect of connective tissue disease was not  at risk factors for re-operations specifically due to new
seen in multivariate regression, likely due to its associa-  aneurysms, dissection, graft infections and pseudoan-
tion with younger age. eurysms as these would require cross sectional imaging
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Table 4 Univariate and multivariate logistic regression for predicators of all cause re-operations from thoracic aortic surgery

Univariate Multivariate
Predictor OR' 95% ClI' p-value OR! 95% ClI' p-value
Increased Age 097 0.96,0.99 0.012* 0.96 0.93,0.99 0.004**
Male 0.73 039,142 0.341 0.99 048,2.10 >0.9
BMI 097 0.90, 1.04 0.357 0.98 0.91,1.05 0.6
Hypercholesterolemia 0.56 0.25,1.13 0.121 0.75 031,1.72 0.5
Hypertension 1.02 0.53,2.06 0.945 1.64 0.72,3.90 0.2
Current Smoker 231 0.93,5.19 0.053 1.66 0.60,4.21 03
Previous Smoker 0.77 0.37,1.50 0.454 1.02 046,2.18 >0.9
Previous Cardiac Surgery 0.68 0.11,2.39 0.604 0.99 0.15,3.91 >0.9
Bicuspid Aortic Valve 0.34 0.14,0.71 0.007** 0.36 0.14,0.86 0.027*
Connective Tissue Disease 2.59 0.90,6.47 0.054 0.96 0.26,3.14 >0.9
Arteritis and/or Aortitis 2.79 1.26,5.82 0.008** 2.71 1.08,6.54 0.029*
Systemic Inflammatory Disease 3.22 0.86,9.91 0.054 2.75 0.67,9.59 0.13
TOR = 0dds Ratio, Cl = Confidence Interval, * = P<0.05, ** = P<0.01
to diagnose (Table 5). Multivariate logistic regression Discussion

revealed that inflammatory diseases significantly increase
the risk of re-operation and bicuspid aortic valve is
associated with a significant reduction in the risk of
re-operation.

Outcomes in thoracic aortic surgery

Thoracic aortic operations provide a complicated surgi-
cal cohort, and associated mortality remains high with
overall 5-year mortality at 14.3% (lower for aneurysms -
higher for TAAD) (Table 3; Fig. 1a). Our unit’s all comers
28-day mortality was 3.9% (Table 3), which is much lower
than the 8.9% quoted for operations of the ascending
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Table 5 Univariate and multivariate logistic regression for predicators of re-operations due to aneurysms, dissections, graft infections

and pseudoaneurysms

Univariate Multivariate
Predictor OR! 95% CI' p-value OR! 95% CI' p-value
Increased Age 0.99 0.96, 1.01 0.192 0.97 0.94,0.99 0.021*
Male 0.80 040, 1.64 0.528 1.24 0.56,2.86 0.6
BMI 0.99 0.92,1.06 0.728 0.99 0.92,1.07 0.9
Hypercholesterolemia 0.60 0.26,1.25 0.193 0.69 027,165 04
Hypertension 1.19 0.58,2.57 0.645 143 0.60, 3.64 04
Current Smoker 2.83 113,644 0.018* 1.87 0.66, 4.88 0.2
Previous Smoker 0.73 0.33,1.50 0411 1.02 043,232 >0.9
Previous Cardiac Surgery 0.80 0.13,2.86 0.772 1.60 0.24,6.57 0.6
Bicuspid Aortic Valve 0.23 0.08,0.55 0.003** 0.20 0.06, 0.55 0.004**
Connective Tissue Disease 1.24 0.28,3.78 0.736 045 0.09,1.79 03
Arteritis and/or Aortitis 347 1.55,7.39 0.002** 323 1.25,8.04 0.013*
Systemic Inflammatory Disease 3.85 1.02,11.96 0.027* 2.85 0.68, 10.1 0.12

'OR = 0dds Ratio, Cl = Confidence Interval, * = P<0.05, ** = P<0.01

aorta in the UK [6] and comparable to some other stud-
ies who also reported 93% 5-year survival for elective
aortic root replacement [15], 74% 10-year survival for
hemi-arch surgery [16] and 20—40% 10-year mortality for
TAAD [2, 17-19].

The re-operation rate in out cohort was 10.4% (9.3%
for aneurysms and 14.2% for dissections), which is con-
cordant with other reports in the literature [2]. The com-
monest cause for re-operation in both aortic aneurysms
and dissections is due to the development of new aneu-
rysms is other segments of the native aorta (Table 1)
with the first 5 years representing a particularly high-
risk period. Whilst our dataset was theoretically limited
by having a median follow-up of 3.8 years, we included
patients who had a thoracic aortic surgery outside of a
period we investigated who required a re-intervention
within the time frame. The relatively small number of
patients who were in the group therefore suggests that
the first 5 years is likely correct, but longer follow-up
would be required to confirm this. Due to the relatively
small size of this cohort, multi-centre collaboration
would be important to quantify this risk.

We have identified younger age and arteritis and/or
aortitis as statistically associated with an increased risk
of re-operations, with current smoking and connective
tissue disease approaching but not achieving statistical
significance (Table 4). Therefore, patients who had a tho-
racic aortic aneurysm at a very young age, patients with
aortitis/arteritis (especially if the disease remains active
despite medical therapy) and those with connective tis-
sue disorder should be under close follow-up and for an
extended period. Although there is a general understand-
ing that patient with connective tissue disorder [20, 21]
or patients (especially young) with genetic profile that
predisposes them to aortic aneurysm formation [22-24]
should form a high risk group that require vigorous and

probably prolonged follow-up, our results suggest that
patients with aortitis/arteritis should also form part of
this group of high risk patients.

Interestingly, bicuspid aortic valve in our cohort rep-
resented a decreased risk for re-operation, which could
be due to the fact that one of the major factors that
drive aortic aneurysm formation in bicuspid aortopathy
is related to rheology and sheer stress generated by the
bicuspid (often stenosed or regurgitant) valve, which is
treated at the time of the initial operation [25].

Requirement for a new follow-up pathway

Whilst the causes of re-operation are varied, it is impor-
tant to ensure patients are monitored for complications
that develop silently as these can progress to a cata-
strophic event such as new aneurysms, dissections, graft
infections and pseudoaneurysms. A recent audit in our
department identified that most patients in this cohort
are followed-up for one year before being discharged
to local cardiology services. At our unit we have now
setup a complex aortic clinic as part of a local initiative
to provide a standardised specialist follow-up for all aor-
tic cases who had a surgical intervention or diagnosed
have been diagnosed with an aortic aneurysm and are
currently under surveillance. This includes patients with
aortitis and other high-risk groups which are reviewed
annually with cross sectional imaging.

Cardiac surgery works closely with cardiology who also
provide specialist genetic counselling to the appropri-
ate cohort of patients and rheumatology department for
patients with aortitis. It is however important to realise
that the surgical complications of thoracic aortic surgery
likely fall outside of the remits of cardiology and rheu-
matology. Vascular surgery and interventional radiol-
ogy are also closely aligned in providing comprehensive
and holistic treatment options through multidisciplinary
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team meetings and integrated services within out hos-
pital. Additionally, input from geriatric services, aor-
tic specialist anaesthetic colleagues and intensivists are
often vital to the decision-making process. We believe
this multi-disciplinary approach (which has been rap-
idly adopted by many aortic centres worldwide [18, 19])
is the best way of managing patients with complex aor-
tic disease. It offers the right environment for clinicians
to explore and implement the most appropriate thera-
pies, individualised to patient’s needs, genetic profile,
urgency, and other patient specific clinical and social
circumstances.

Limitations

This is a retrospective cohort study. Due to the limita-
tions associated with retrospective studies, subthresh-
old events, such as a new small aneurysm, can be hard
to detect when regular cross-sectional imaging is not
performed in a regimented fashion. In addition, cardio-
vascular risk factor reporting and histological sampling
of the aorta was absent in some patients, which resulted
in them being excluded from the analysis. Patient notes
were meticulously reviewed to ensure all re-operation
were identified, including those performed out of region.
It is possible that a small number of re-operations may
have been missed.

The dataset contains patients who underwent a wide
range of procedures replacing segments of the aorta from
isolated ascending aorta to total aortic arch replacement
with both aneurysmal and dissection pathologies. It has
been assumed that risk factors are common between
these pathologies and procedures. Due to the wide range
of initial and re-operation, analysis into whether specific
types of procedures, beyond the broad classifications dis-
cussed were not possible.

The prevalence of connective tissue diseases in our
cohort is relatively low. Whilst patients who met the test-
ing criteria from the NHS were screened where possible,
this has only become widely available over the later part
of the decade and still is not fully implemented in the UK
despite the NHS England recommendations.

Conclusions

Patients undergoing thoracic aortic surgery are at risk
for re-intervention, which is higher in younger patients,
patients with aortic dissections and those with aorti-
tis/arteritis. The first 5 years represent the highest risk-
period for reintervention and follow-up during that time
by specialist aortic services is essential. We recommend
annual review with cross sectional imaging during this
period, and possibility decreasing frequency afterwards.
Longer term follow-up will be required to validate the
exact frequency of follow-up beyond 5 years.
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