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ABSTRACT
Introduction Ascending thoracic aortic aneurysm (ATAA) 
is an asymptomatic condition that can lead to catastrophic 
events of rupture or dissection. Current guidelines are 
based on limited retrospective data and recommend 
surgical intervention for ATAA with a diameter of greater 
or equal to 5.5 cm. Treatment in Thoracic Aortic Aneurysm: 
Surgery versus Surveillance is the first prospective, 
multicentre, randomised controlled trial that compares 
outcomes of patients undergoing early elective ascending 
aortic surgery to patients undergoing medical surveillance.
Methods and analysis Patients between the ages of 18 
and 80 with an asymptomatic ATAA between 5.0 cm and 
5.4 cm in diameter are eligible for randomisation to early 
surgery or surveillance. Patients in the surgery group will 
be followed at 1 month after discharge, then annually 
for a minimum of 2 years and up to 5 years. Patients in 
the surveillance group will be followed annually from 
their index clinic visit for a minimum of 2 years and up 
to 5 years. The primary outcome is all- cause mortality 
at follow- up. A sample size of 618 subjects (309 in each 
group) will achieve an 80% power at a 0.047 significance 
level.
Ethics and dissemination This study has received 
Ottawa Health Science Network Research Ethics Board 
approval (Protocol 20180007- 01H), which was most 
recently updated on 25 November 2020. The Research 
Ethics Board have granted approval to the study at 14 
participating institutions, including the Ottawa Health 
Science Network Research Ethics Board. On completion 
of data analysis, the result of the trial will be presented at 
national and international conferences, and published in 
relevant journals, regardless of the finding of the trial.
Trial registration number NCT03536312.

INTRODUCTION
Ascending thoracic aortic aneurysm (ATAA) 
is known as ‘silent killers’, as they are usually 
indolent until presentation with aortic 
rupture or dissection. Aortic rupture is nearly 
always fatal, and acute type A aortic dissection 
has a 20% mortality within the first 24 hours 
and 50% at 1 week when treated medically.1 
Even when patients undergo emergency 

surgery, mortality for acute type A dissection 
repair remains high at 19.7%.2

Elective ATAA replacement can prevent 
the future occurrence of acute aortic events. 
However, elective surgery is invasive and 
carries risks (1%–2%) of mortality and 
stroke.3 Therefore, the management of ATAA 
is predicated on recognising the threshold at 
which risks of surveillance outweigh risks of 
surgery.

The natural history of ATAA is incom-
pletely understood. Aneurysm size is the most 
widely accepted criteria for predicting risk of 
acute aortic events and determining surgical 
threshold.4 5 Using a retrospective cohort of 
patients, Elefteriades and colleagues from 
Yale University observed a 15%/year risk of 
aortic dissection, rupture or death at aortic 
size of ≥6.0 cm compared with 7%/year 
between 5.0 nd 5.9 cm3. Driven primarily by 
this data, current guidelines recommend 
surgery at an ascending aortic diameter of 
≥5.5 cm in the absence of connective tissue 
disorders, familial aortopathy or rapid growth 
(>3 mm/year).4–7 We have performed a meta- 
analysis of observational studies reporting 
natural history of ATAA, which included 
8831 patients and >31 000 patient- years of 
follow- up.8 The mean aortic diameter in these 
studies was 4.3 cm (range 3.6–5.6 cm), and 

Strengths and limitations of this Study

 ► The trial is a multicentre collaborative effort.
 ► All imaging measurements are performed in a cen-
tralised core laboratory to minimise interobserver 
variation.

 ► The trial includes a registry arm in which the nat-
ural history of ascending aortic aneurysm could be 
followed.

 ► The recruitment and follow- up period required is 
long.
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the pooled incidence of all- cause mortality was 1.99%/
patient- year. In addition to providing an estimate for risk 
in small aneurysms, this meta- analysis confirmed that 
there is little prospective data and no randomised trials 
to inform current guidelines, which lead to over 10 000 
elective proximal aortic surgeries performed annually in 
North America.9 Furthermore, the number of patients 
needed to be treated with elective repair to prevent one 
adverse outcome is unknown.

While the risk of aortic dissection grows as aneurysm 
size increases, data from the International Registry of 
Aortic Dissection revealed that patients presenting with 
acute type A dissection have a median aortic diameter 
of 5.3 cm, suggesting that over 50% of aortic dissections 
occurs in aneurysms with diameters <5.5cm.10 Other large 
cohort studies have corroborated these findings that the 
majority of aortic dissections tend to occur at diameters 
less than 5.5 cm.11 12 Therefore, patients who do not 
meet guideline criteria for surgery still bear a significant 
burden of health risk and quality- of- life concern.

In contrast, treatment guidelines for abdominal aorta 
aneurysm are founded on extensive data and are widely 
accepted by the surgical community.13 Multiple large, 
multicentred randomised control trials that included 
127 891 men and 9342 women established the natural 
history of small abdominal aortic aneurysms (<5.5 cm) 
as well as proper surveillance for patients at risk of this 
life- threatening disease.14–18 In addition, by comparing 
long- term outcomes of patients randomised to either the 
surveillance group (surgery if aneurysm size >5.5 cm or 
growth rate >1.0 cm per year) or the early surgery group, 
the trials have shown that for Abdominal Aortic Aneurysm 
(AAAs) under 5.5 cm, the risk of early surgery outweighs 
the risk of rupture during surveillance and that women 
have higher risk of rupture than men.

Treatment in Thoracic Aortic Aneurysm: Surgery 
versus Surveillance (TITAN: SvS) aims to be the first 
randomised controlled trial to guide evidence- based 
management of the growing population with indolent 
but lethal silent killers of ascending aortic aneurysms. In 
addition to a multicentre prospective clinical database, 
the trial will also include a core imaging lab and a quality 
of life analysis.

Objectives
The primary objective of the trial is a comparison of all- 
cause mortality between groups undergoing surveillance 
versus elective ascending aortic surgery for patients with 
degenerative or bicuspid valve- related ascending aortic 
aneurysm over the study period.

The secondary objectives of the trial include operative 
and 30- day mortality following aortic surgery, incidence of 
acute aortic events, incidence of elective ascending aortic 
surgery in the surveillance group, aorta- related death, 
nonaorta- related death, incidence of cerebrovascular 
accidents (CVA) during follow- up, annual ascending 
aortic growth rate (mm/year) in the surveillance group, 

quality of life at 1 year and 3 years assessed using the SF-36 
questionnaire.

Trial design
The TITAN: SvS trial is an open label, nonblinded, 
prospective, multicentre randomised control trial 
that compares all- cause mortality and aortic events in 
patients with ascending aortic aneurysm between 5.0 and 
5.4 cm undergoing early elective surgery or surveillance 
(figure 1). Eligible patients not consenting to randomisa-
tion and those with ascending aorta >5.5 cm with prohibi-
tive surgical risk will be enrolled in a registry and undergo 
clinical and imaging surveillance.

Study setting
The study will be conducted at >20 academic hospitals 
with cardiac surgery centres across North America and 
Europe.

Eligibility criteria
Inclusion criteria
Age between 18 and 80 years, ascending aorta or aortic 
root aneurysm between 5.0 cm and 5.4 cm in maximal 
diameter on a contrast- enhanced CT scan. Individual 
surgeons have preferences as to whether large versus 
small, bicuspid versus trileaflet, men versus women, 
young versus elderly should have different thresholds 
for intervention. However, there are insufficient data to 
justify these clinical impressions, as reflected in current 
guidelines, which do not recommend different thresh-
olds for these subgroups. Thus, all patients with nonherit-
able ATAA will be included in the study.

Exclusion criteria
 ► Patients who refused to be randomised, unable to 

give informed consent or unable to attend regular 
follow- up or be report with protocol.

 ► Patients with symptom(s) attributable to ascending 
aortic aneurysms.

 ► Previous cardiac surgery.
 ► Patients with nonaortic indication for cardiac surgery 

(eg, severe valvular insufficiency or stenosis).
 ► An AA expansion rate exceeding 0.5 cm/year.
 ► Involvement of arch aneurysms (no aneurysmal 

segments before the innominate artery).
 ► Ascending aortic and arch aneurysm with descending 

thoracic aorta involvement.
 ► Patients with known connective tissue disease (eg, 

Marfan syndrome, Loey- Dietz, Turner syndrome etc).
 ► Patients with possible genetic aortopathies (family 

history of aortic aneurysms/premature aortic 
dissections/ruptures).

 ► Patients with inflammatory arteritis (Takayasu’s arte-
ritis, syphilitic arteritis etc).

 ► Those who are deemed unfit for surgery (will not be 
included in the randomised control trial but will be 
included in the registry).
 – severe pulmonary disease.
 – Cr ≥250.
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 – Child Pugh Class B or C.
 – New York Heart Association (NYHA) III or IV.
 – Myocardial infarction (MI) within the last 6 months
 – Major surgical procedure or angioplasty within 3 

months.
 – Expected survival less than 5 years because of other 

disease (eg, invasive cancer).
Excluded patients will be invited to participate in the 

registry arm and will undergo protocol- driven clinical 
and imaging follow- up as per the surveillance arm of the 
study.

Intervention
In the surgery group, patients will undergo replacement 
of the aneurysmal aortic segment between 5.0 and 5.4 cm 
with a Dacron graft, within 12 weeks of randomisation. 
Patients may concomitantly undergo treatment of associ-
ated valvular and coronary artery disease, if present. The 
specific conduct of the aortic replacement and the need 
for concomitant cardiac procedures will be left to the 
discretion of the surgical team. Postoperative care will be 
provided according to protocols of the institution.

In the surveillance group, patients will undergo 
protocol- driven imaging studies. If patients have progres-
sion of aortic or other cardiac disease, they will undergo 
treatment as per established guidelines. The patients 
will undergo a CT scan of the chest at the first clinic visit 
then annually for the duration of the study. All CTs will 
be uploaded to a core CT imaging lab where the image 

will be reviewed by dedicated cardiovascular radiolo-
gists. If the aneurysm grows beyond 5.5 cm or the patient 
develop symptoms, the surgeon will consider the patient 
for surgery.

In both groups, patients will receive optimal medical 
therapy for their aneurysm according to established 
guidelines.4–6

Outcomes
The primary outcome is all- cause mortality over the study 
period, with a minimum follow- up of 2 years.

The primary safety outcome will be incidence of perioper-
ative stroke. Other secondary outcomes for this trial include 
operative and 30- day mortality following aortic surgery, 
incidence of acute aortic events, incidence of elective 
ascending aortic surgery in the surveillance group, aorta- 
related death, nonaorta related death, incidence of CVA 
during follow- up, annual ascending aortic growth rate 
(mm/year) in the surveillance group, quality of life at 
1 year and 3 years assessed using the SF-36 questionnaire.

Outcome definitions are outlined in online supple-
mental appendix A.

Sample size
The study hypothesis is that a strategy of early surgery 
will lead to lower all- cause mortality at follow- up 
compared with surveillance. A framework, proposed by  
Barthel et al,19 for sample size calculation incorporating 
nonproportional hazards (PH) and treatment changes 

Figure 1 Treatment in Thoracic Aortic Aneurysm: Surgery versus Surveillance recruitment flowsheet.
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including cross- over between treatment arms was used for 
determining the sample size. The framework is based 
on using piecewise exponential distributions to model 
the survival distributions. The approach has been imple-
mented in the programme Analysis of Resources for 
Trials. For tractability, five periods will be taken of equal 
length (1 year) with the number of patients at risk and 
occurrence of events in the two groups separately for 
each period. Modelling survival distributions over each 
of the periods allow us to take nonPH into account and 
cross- over that may vary over the time periods.

The event rate in the surveillance group is based on 
findings from the meta- analysis on the natural history of 
ascending aortic aneurysms. We found that the all- cause 
mortality was 1.99%/year in a cohort with small aneu-
rysms (mean aortic diameter of 4.3 cm). In contrast, the 
Yale University group, the largest single- centre cohort, 
reported a 5.5%/year incidence of mortality in patients 
with ascending aortic aneurysm between 5.0 and 5.9 cm. 
We anticipate that the annual incidence of the primary 
outcome in the surveillance group will be between 
1.99% and 5.5% and, therefore, an estimate of 3% will be 
used for the sample size calculation. For the surveillance 
group, survival probabilities per period are (1–0.03) k (ie, 
0.9700, 0.9409, 0.9127, 0.8853, 0.8587) and incorporating 
10% cross- over probabilities are 0.9718, 0.9465, 0.9227, 
0.9002, 0.8786.

In the surgery group, we estimate that the 30- day 
mortality can vary between 1% and 2%. Data from large 
volume aortic centres in the literature as well as from 
the nominated principal investigator (PI)’s institution 
support a 30- day mortality of 1%. We have assumed a conser-
vative 30- day mortality estimate of 2%. Following ascending 
aortic replacement, we anticipate a 1%/year incidence of 
nonaortic mortality in the surgical group. This has been 
corroborated in a review of long- term outcomes following 
aortic surgery at the Ottawa Heart Institute where survival 
in study eligible patients (n=506) following aortic surgery 
was 93%±2% at 10 years. For the surgery group, survival 
probabilities per period are (1–0.01) k (ie, 0.9900, 0.9801, 
0.9703, 0.9606, 0.9510).

A two- sided log- rank test with a sample size of 278 
subjects per group achieves an 80% power at a 0.047 
significance level (accounting for one interim analysis) 
to detect a difference in the proportion surviving in the 
early selective surgery group of 0.99 compared with the 
proportion surviving in the surveillance group of 0.97. 
This assumes uniform accrual over a

3- year period followed by minimum of 2 years of 
follow- up. An anticipated loss to follow- up rate is 10%, 
and to account for this loss, the total sample size will be 
618 subjects (556/0.9), 309 in the surgery arm and 309 in 
the surveillance arm. With the sample size of 618, and with 
the expected no loss in the perioperative period, for the 
primary safety outcome of perioperative stroke, the power 
is 80% to detect a difference in perioperative stroke of 
2.5%, a difference that is considered clinically important 
to detect.

Recruitment
Recruitment will be conducted among all patients 
referred for ascending aortic surgery at participating 
centres who meet the inclusion criteria. Participating 
centres have a dedicated thoracic aortic clinic in which 
patients are followed by dedicated aortic surgeons.

Allocation
Research coordinators will screen patients seen at the 
thoracic aortic clinic for enrolment eligibility. If the patient 
is eligible based on inclusion and exclusion criteria, the 
research coordinator will consent the patient to partic-
ipate in the study (online supplemental appendix B). 
After consent is obtained, the research coordinator will 
obtain randomisation through a centralised web- based 
randomisation tool en- site, which will assign the patient 
to either surgery or surveillance in a 1:1 ratio. Allocation 
sequence is generated completely at random and is not 
dependent on the previous treatment assignment. The 
patient, research coordinator and the surgeon will not be 
blinded to the intervention assignment.

Aortic size will be determined using a double- oblique 
measurement of maximal ascending aortic diameter 
orthogonal to the direction of blood flow using contrast- 
enhanced CT scan based on American Society of 
Radiology Guidelines.4 Patients presenting with echocar-
diograms or MRI will undergo a CT scan prior to deter-
mining eligibility. Informed consent will be obtained, and 
a pre- randomisation checklist will be completed. Patients 
will then be randomised using a web- based randomisation 
tool. Randomisation will be stratified for the anticipated 
need for aortic root intervention as this is an established 
risk factor for increased operative risk.20 Additional strat-
ification variables will include bicuspid aortic valve and 
study site.

Follow-up
Participant timeline is outlined in table 1. Patients in 
the surgery group will undergo routine postopera-
tive follow- up between 4 and 8 weeks after surgery and 
then annually from randomisation until study close. For 
patients unable to attend in person, a research coordi-
nator will conduct a telephone follow- up. A contrast- 
enhanced, gated thoracic CT scan will be obtained at 
1 year postsurgery. If this CT scan identifies no anasto-
motic site abnormalities and no aortic segments greater 
than 4.5 cm, then no further CT scans will be obtained in 
this group to minimise radiation exposure. Patients will 
be followed for a minimum of 2 years or until the study 
ends.

Patients randomised to the surveillance group will 
undergo a clinical assessment to review and optimise 
medical therapy and a contrast- enhanced, ECG- gated 
thoracic CT scan annually from the date of randomisa-
tion (±4 weeks) for the duration of the study. All CT scans 
will be uploaded to a CT imaging core lab (University of 
Calgary) where images will be reviewed and reported by 
a study radiologist using TeraRecon (Aquarius iNtuition, 
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California). In patients with pre- existing chronic kidney 
disease that did not meet exclusion criteria, non- contrast 
CT will suffice given the consistent expertise at the core 
lab. Local CT readings will be used to determine inclusion 
into study. All subsequent aortic readings will be done 
by the imaging core lab. To ensure concordance and to 
examine variance between study site and core lab aortic 
measurements, baseline CT scans will also be reviewed 
by the core lab and measurements compared with study 
site measurements. In case of aortic or cardiac disease 
progression, the patient will undergo guideline- directed 
surgical therapy. Similarly, patients will be followed for a 
minimum of 2 years or until the study ends.

Registry arm
Patients will be enrolled into the Non- operative Registry 
(Sub- Study arm) rather than the RCT in three circum-
stances: (1) if the patient has an ascending aortic 
aneurysm between 5.0 cm to 5.4 cm but does not meet 
eligibility criteria for enrolment into the trial, (2) if the 
patient meets eligibility criteria for the trial but refuses 
to participate in randomisation and (3) if the patient has 
an ascending aortic aneurysm ≥5.5 cm and is deemed a 
nonoperable candidate. Baseline information as indi-
cated above, including a full history, vitals, complete 
physical examination, and an initial CT scan will also 
be obtained in the first clinic visit as per the standard of 

Table 1 Participant timeline of TITAN SvS trial

Timepoints

Study period

Enrolment Postrandomisation

0 month 
(initial visit) 3 months 4 months 1 year 2 years 3 years 4 years 5 years

Enrolment for all 
patients

  

Eligibility screen X   

Informed consent X   

Randomisation X   

Intervention: surgery 
group

X   

Clinic follow- up

Surgery group X X X X X X

Surveillance group       X X X X X

Assessments   

Demographics X   

Patient history X   

Weight/height X X X X X X X

Vital signs X X

CBC, electrolytes, 
blood urea nitrogen, 
creatinine

X   

HbA1c, random BG, 
cholesterol

X   

ECG X   

Chest X- ray X   

CT chest

Surgery group X     X         

Surveillance group X     X X X X X

QoL assessment X   X X

Stroke assessment X X X X X X

Acute aortic events 
assessment

X X X X X X

Mortality assessment X X X X X X

BG, blood glucose; BUN, blood urea nitrogen; CBC, complete blood count; Cr, creatinine; QoL, quality of life.
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care. Patients will be clinically followed each year with a 
CT scan to monitor the status of their ascending aortic 
aneurysm, until the end of the study, the occurrence of an 
aortic event (aortic dissection or aortic rupture) or death.

Data collection methods
Patient data will be collected electronically by web- based 
case report form through DACIMA database. All study site 
personnel will be trained on the protocol, and all study- 
related tasks and procedures that they have been dele-
gated by the local PI. This training will be documented in 
a protocol training log.

To promote completeness of follow- up, telephone 
follow- up will be conducted by a research coordinator if 
the patient is unable to attend annual clinical follow- up 
in person. Quality of life assessment by SF-36 can also be 
completed by telephone at 1- year and 3- year follow- up. If 
there is a deviation from the protocol, the date, descrip-
tion and reason for protocol deviation will be reported. 
In addition, actions taken to prevent future protocol devi-
ation, if any, will be documented. All major protocol devi-
ations will be reported to the local Research Ethics Board 
(REB).

Statistical methods
The analysis will follow the intention- to- treat principle.

Primary analysis
The patient groups will be compared on the time- to- the 
primary outcome, all- cause mortality, using the log- rank 
test and described using Kaplan- Meier curves. If there 
are baseline differences, the Cox PH model will be used 
to compare groups adjusting for baseline variables. The 
interaction of treatment by stratification variables will 
be evaluated within the model. The assumption of PH 
will be assessed using the log- negative- log plot of the 
Kaplan- Meier estimator, a plot of Schoenfeld residuals as 
a function of time and consideration of the interactions 
of selected covariates with time. If the PH assumption is 
violated, then modification of the model for non- PH will 
be considered including adding interaction of covari-
ate(s) with function of time and stratification models. For 
interactions with function of time, an interaction is added 
of a covariate for which the PH assumption is violated. If 
the interaction is statistically significant, the effect of the 
given covariate is not constant over time and including 
the interaction in the model enables interpretation of the 
parameter estimate taking this into account. For the strat-
ified model, subgroups based on a categorical variable 
chosen in that it interacts with time and the PH assump-
tion is violated for this variable will be considered.

Secondary analyses
For the primary safety outcome perioperative stroke, the 
patient groups will be compared using the χ2 test. If there 
are baseline differences, then a logistic regression model 
will be used to compare patient groups adjusting for base-
line variables. For the continuous outcome of quality 
of life, a 2- way analysis of variance will be considered 

with the between factor time (elective surgery group vs 
surveillance group) and the within factor time (1 vs 3 
years). If there are any clinically important imbalances in 
baseline variables, then an analysis of covariance will be 
used to compare patient groups over time on quality of 
life adjusting for these baseline variables. For the other 
secondary dichotomous outcomes, proportions will be 
calculated and when comparisons are made between the 
patient groups, they will be compared using the cχ2 test. 
If there are baseline differences, then a logistic regres-
sion model will be used to compare the patient groups 
adjusting for these baseline variables. In the surveillance 
group, the point estimates and 95% CIs will be calculated 
for the incidence of elective ascending aortic surgery and 
the annual ascending aortic growth rate.

Subgroup analyses
Three prespecified subgroup analyses will be performed 
that address important areas of controversy in the manage-
ment of aortic disease. We will examine the relation-
ship between indexed aortic size (aortic diameter/body 
surface area—cm/m2) and primary outcome to deter-
mine whether indexed aortic size is a better predictor 
than absolute size for the primary endpoint. We will 
examine the relationship between the primary outcome 
and aortic valve phenotype (bicuspid vs tricuspid) as 
there is suggestion in the literature that size thresholds for 
surgery should be lower for patients with bicuspid aortic 
valve disease.4 12 Finally, the PI and coapplicants have 
recently shown women with ascending aortic aneurysms 
have a faster growth rate, which may lead to increasing 
aortic complications.21 women have also been shown to 
have higher mortality rates related to aortic disease.22 
We will examine the relationship between sex and study 
intervention by evaluating an interaction term (sex×inter-
vention) to determine whether the effect of intervention 
is different in men vs women.

Monitoring
A data safety monitoring board (DSMB) is independent 
of the investigators and whose members collectively have 
adequate expertise in aortic aneurysms, cardiac surgery 
and biostatistics, they will convene regularly to review trial 
safety events and outcomes data. The DSMB will keep 
minutes of their meetings and report to the investigators 
whether any modifications to the trial are recommended.

An interim analysis of the primary and secondary 
endpoints will be conducted by an unblinded study stat-
istician when 50% of subjects have been recruited using 
the O’Brien Fleming procedure for multiple testing at a 
significance level of p=0.003.

Adverse events (AE) will be recorded for study subjects 
while they are enrolled in the trial. Serious AE that occur 
at any time after the inclusion of the subject in the study 
(defined as the time when the subject is randomised) up 
to 30 days after the subject completes or discontinues 
their participation in the trial, whichever is first, must be 
reported.
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The incidence of major adverse cardiovascular events 
(mortality, myocardial infarction, CVA and acute aortic 
events) will be recorded (and noted as AE) for trial subjects 
in the 5- year period (±30 days) after randomisation.

The following variables will be collected for each AE:
 ► AE description.
 ► The date when the AE started and stopped.
 ► Whether the AE is serious or not, and rationale (ie, 

hospitalisation, probably cause of death).
 ► Investigator causality rating against the study 

intervention.
 ► Investigator assessment of whether event was expected 

or not.
 ► Whether AE caused subject’s withdrawal from study.
 ► Patient outcome.
Events that are serious, unexpected and possibly or 

probably related to the study intervention will be reported 
to the DSMB.

Access to data
Individual REB will have access to anonymised data at 
their discretion, as per REB policy. However, no third- 
party investigators or corporate bodies will have access to 
study data prior to synthesis and dissemination.

Patient and public involvement
There were no funds or time allocated for patient and 
public involvement, however, we will invite patients to 
help us develop our dissemination strategy.

ETHICS AND DISSEMINATION
Research ethics approval and protocol amendments
The REB has granted approval to the study at 14 partici-
pating institutions; inclusion of further enrolling centres 
in the future may be considered (online supplemental 
appendix C). Any protocol amendments will be commu-
nicated to the REB at the respective institution.

Consent or assent
The research coordinator will meet with eligible patients 
in person to explain the trial and obtain consent for partic-
ipation. Additional consent will need to be obtained for 
collection of aortic tissue sample from the patient during 
surgery.

Confidentiality
Each participating patient will be assigned a study ID for 
which the data are collected under. The Master List that 
match the patient’s name to their research ID will be 
stored in a password- protected research drive accessible 
only to personnel involved in the conduct of the trial. All 
data are collected through the centralised web- based case 
report form and will be accessible only to those partici-
pating in the collection and analysis of the data.
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Ancillary and Post-trial care
Patients with ascending aortic aneurysm between 5.0 
and 5.4 cm will be randomised to surgery or surveil-
lance. Therefore, patients randomised to the surgical 
arm will be subjected to the risks and discomforts of elec-
tive ascending aortic surgery. In experienced centres, 
the operative mortality and risk of postoperative stroke 
rate at an experienced centre for composite aortic root 
replacement is 1.9% and 1.4%, respectively, and 0% and 
1% for root sparing ascending aortic replacement.20 23 At 
the nominated PI centre, 303 consecutive patients under-
going elective ascending aortic surgery (with or without 
aortic root replacement), 30- day mortality and stroke 
occurred at rate of 1.2% and 1%, respectively (unpub-
lished data). Notably, in our survey of current clinical 
practice, about half of the respondents offer surgery at 
5.0 cm and half at 5.5 cm for the same patient charac-
teristics. Thus, due to clinical equipoise and practice 
variation, the number of trial eligible patients in the 
community receiving SvS would approximately be equal, 
thereby not increasing overall risk to patients. Therefore, 
post- trial care will continue to be consistent with that 
recommended by current guideline, and the patients will 
be followed accordingly.

Dissemination policy
The trial is registered with www. clinicaltrials. org, and 
the protocol of the trial will be published. The result of 
the trial will be presented at national and international 
conferences and published in relevant journals, regard-
less of the finding of the trial. Authors of the publications 
will include those who participated in the design and 
maintenance of the trial, investigators from participating 
centres who enrolled patients into the trial, those who 
provided critical guidance for the trial and those who 
participated in the analysis of results and drafting of the 
manuscript.
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Appendix A: Outcome Definitions 

 

All-cause mortality: death from both cardiovascular or non-cardiovascular causes over the 

entire follow-up period. 

Peri-operative cerebrovascular event: as per STS database, defined as A) confirmed new, 

acute focal neurological deficit thought to be of vascular origin with signs or symptoms 

lasting >24 hours; B) new, focal neurological deficit or non-focal encephalopathy lasting > 24 

hours with imaging evidence of cerebral infarction or intracerebral hemorrhage, during the 

hospital admission for index surgery or within 30-days, whichever ends first. 

Operative mortality: intra-operative death prior to exiting the operating room. 

30-day mortality: death from both cardiovascular or non-cardiovascular causes within 30 days 

of the index surgery. 

Incidence of acute aortic events: the occurrence of new type A or B aortic dissection, rupture, 

intramural hematoma, or penetrating aortic ulcer during the entire follow-up period, after 

hospital admission for index surgery or within 30-days, whichever ends first. 

Incidence of elective ascending aortic surgery: in the surveillance group, when surgery is 

recommended by the surgeon and performed for patients whose ascending aortic aneurysm met 

current Class I or Class IIA guideline recommendation for ascending aortic replacement, during 

the entire follow-up period. 

Aortic-related death: death from new acute aortic event, complications from new acute aortic 

event, or from further intervention performed for new acute aortic event, during the entire 

follow-up period, after hospital admission for index surgery or within 30-days, whichever ends 

first. 

Non-aortic related death: death from causes or pathology unrelated to the aorta.  
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Cerebrovascular event on follow-up: self-reported on follow-up with review of medical record 

for validation. Validation will be defined by the definition for post-operative cerebrovascular 

events above, during the entire follow-up period, after hospital admission for index surgery or 

within 30-days, whichever ends first. 

Annual ascending aortic aneurysm growth: growth rate of the ascending aortic aneurysm as 

measured by annual CT in the surveillance group. 

Quality of life: assessed by SF-36 questionnaire, which is validated and widely used to assess 

quality of life in healthcare, at 1 year, and 3 years. 

*All adverse outcomes will be reported to the events adjudication committee for confirmation of 

diagnosis and ongoing evaluation of trial safety, whose members are blinded from the 

randomization outcome. 
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Appendix B: Name of institutional ethics board approval. 

University of Ottawa: Ottawa Health Science Network – Research Ethics Board 

 

University of Calgary: Conjoined Health Research Ethics Board 

 

Toronto General Hospital: University Health Network Research Ethics Board 

  

Laval University, McGill University, and Université de Montréal: Comité d’éthique de la 
recherche de l’IUCPQ-UL  

 

University of Western Ontario: Western University Health Science Research Ethics Board  

 

McMaster University: Hamilton Integrated Research Ethics Board 

 

Health Sciences North: Research Ethics Board of Health Sciences North 

 

Massachusetts General Hospital: Partners Human Research Institutional Review Board 

 

University of Pennsylvania: University of Pennsylvania Institutional Review Board 

 

University of Michigan: Medical School Institutional Review Board 

 

New Brunswick Heart Institute: Horizon Health Network Research Ethics Board 

 

Baylor Scott & White: Baylor Scott & White Research Institute Institutional Review Board 
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PARTICIPANT INFORMED CONSENT FORM 

 

Title of Study: Treatment In Thoracic Aortic Aneurysm: Surgery vs. Surveillance (TITAN: SvS)  

 

Local Site Principal Investigator (PI):  Dr. Munir Boodhwani      613-696-7237 

 

Sponsor: Ottawa Heart Institute Research Corporation (OHIRC)  

Participation in this study is voluntary. Please read this Participant Informed Consent Form 
carefully before you decide if you would like to participate. Ask the study doctor and study team 
as many questions as you like. We encourage you to discuss your options with family, friends or 
your healthcare team.   

  

Why am I being given this form?  

You are being asked to participate in this research study because the vessel that carries blood 
from your heart to the rest of your body, the aorta, is larger than usual. Patients who have a 
large aorta above certain size will have surgery to replace the aorta. Usually patients will have 
surgery when the aorta grows to be 5.5 cm or larger. We do not know whether patients with 
large aortas that are not quite 5.5cm should have surgery, or should be monitored to see if their 
aorta continues to grow.  For this study, patients with an aorta between 5.0 – 5.5 cm will either 
undergo surgery or continue to be monitored.   

 

Why is this study being done? 

This study is being done to compare early surgery to monitoring in patients with large aorta of 
between 5.0 – 5.5 cm. A large aorta may have higher chance of tearing or bursting, and we are 
trying to find out if performing surgery earlier can help more patients prevent these events. We 
are trying to determine whether it is better for patients with aortas 5.0-5.5 cm to have surgery 
before their aorta grows even more, or if they should wait and be monitored. 

 

This study is taking place at a number of sites across Canada. We estimate that 566 
participants will be enrolled in the study, including 60 participants from University of Ottawa 
Heart Institute.  

 

How is the study designed? 

This is a randomized study looking at two treatments for patients with aortas that are enlarged 
to between 5.0 and 5.5 cm.  One group will have surgery to replace their enlarged aorta.  The 
other group will be monitored to see if their aorta continues to grow. Both groups will still be 
given medications and have regular testing to monitor their aorta.  

 

Whether you will have surgery or continued to be monitored will be decided randomly. 
Randomization means that you are put into a group by chance, similar to flipping a coin. The 
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procedure and all medical care you will receive during and after the procedure, while in hospital, 
will be as per standard guidelines for patients with heart disease. 

 

If you are randomized to the monitoring group and your aorta grows to 5.5cm or greater, you will 
still be considered for surgery. Being randomized to the monitoring group does not mean you 
can’t have surgery if your doctor feels you need to have surgery. 
 

What is expected of me? 

If you decide to sign this consent form, you are expected to undergo the treatment plan to which 

you have been randomized. You can expect to have the following visits and procedures.  

Baseline Visit 

We will review your medical records to determine if you are eligible to participate. You will be 
invited to participate, and the study will be explained to you.  You can decide whether to 
participate or not.   

When we have collected all the information we need, you will be randomized using a computer 
system. We will tell you, either in person or over the phone, which procedure you will have and 
we will book the procedure.  

Surgery 

If you are randomized to the surgery group, you will undergo surgery to replace your enlarged 
aorta. You will spend about 5-7 days in the hospital after the procedure. You will receive the 
standard of care while you are in the hospital. After going home, you will return to clinic after 4-6 
weeks for an appointment with your surgeon. 

Surveillance 

If you are randomized to the surveillance group, you will be monitored by the Aortic Clinic at the 
University of Ottawa Heart Institute as part of usual standard of care. You may be considered 
for surgery if your aorta grows to 5.5 cm.   

Annual follow-up  

As part of the standard of care for patients with enlarged aortas, you will be followed by the 
aortic clinic.  Your follow up visits may include CT scans, blood tests, and appointments with a 
doctor as a part of the standard of care.   
In addition to this follow-up, the study team will follow up with you once per year.  These follow-
ups may be done by telephone, or you may be asked to come to the Heart Institute.  You will be 
followed for at least two years, and as many as five years.  You will continue to be followed by 
the Aortic Clinic even after the study ends, as part of the regular standard of care. 

Questionnaire 

You will be asked to complete a quality of life questionnaire at your initial visit, and 1-year and 3-
years follow up visits. The questionnaire is called the SF-36, it is used to assess your quality of 
life, your ability to carry out your day to day activity, and your mental well-being before and after 
the procedure. It will take about 20 minutes to complete. You may skip any questions that make 
you uncomfortable or that you do not wish to answer. 

CT Scans 

As part of your regular standard of care, you may have regular CT scans to monitor the size of 
your aorta.  There are no extra scans for the research study, but the study team will collect the 
images from the CT scans as part of the study.  The CT scan images will be sent to the 
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The data from this study may be used in future research. Any future research project using data 
from this study will be sent for review by the ethics board. If the study does not require any new 
information from you, we may not contact you for consent of participation. If the study requires 
new or additional information from you, we will contact you for participation.  The data from this 
study belongs to the Principal Investigator and the Ottawa Heart Institute Research Corporation. 
If the data from this study is used in future research projects, the full confidentiality remains. 

 

If you choose to donate blood or tissue samples to the biobank, your samples will be used in 
future research.  The future uses for these samples are explained in the biobank consent form. 

 

How long will I be involved in the study? 

The entire study will last approximately 5 years. Your participation in the study will last at least 2 
years and as many as 5 years.  Over this time, you will be required to visit the University of 
Ottawa Heart Institute for 5 times, including for your surgery if you are enrolled in the surgery 
group.   

 

Your participation in the study may be stopped for any of the following reasons: 

• The study doctor feels it is in your best interest.  

• You need additional treatment that would interfere with the study. 

• You do not follow the study staff’s instructions. 
 

What are the potential risks I may experience?  

The study procedures have risks, as most procedures do. However, there is always a chance of 
risks that we do not know about. The risks we know about are listed below. 

 

Surgery Risks 

Risks associated with surgery of the aorta are different for different hospitals and surgeons. For 
the University of Ottawa Heart Institute, the 30-day risk of death is 1 in 100 – 200, heart attack is 
0 – 1 in 100, and stroke 3 in 100. Other risks include the need for a blood transfusion (32 in 
100), reoperation (5 in 100), and infection (2 in 100).  

 

Surveillance Risks 

Risk associated with surveillance of enlarged aorta include partial or complete tearing and/or 
leaking of the aorta, bleeding in between the layers of the aorta, or thinning of the wall of the 
aorta. The risk of these acute aortic events is about 3 in 100 per  year.  

 

Questionnaires 

You might find the interviews and questionnaires upsetting, distressing or tiring if they are quite 
lengthy.  You might not like all of the questions that you are asked. You do not have to answer 
any questions that make you uncomfortable. 

 

Risks of Insurability 

We will take all reasonable steps to keep your research information confidential. Should 
someone not involved in the research find out that you took part in this research study, or if you 
choose to share your results (if they are provided to you), there is a possibility that this could 
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affect your insurability under certain policies of insurance, depending on the exclusions in such 
policies. 

 

Is there a concern with pregnancy or breastfeeding? 

This study does not post any additional risks for pregnant or breastfeeding women in excess of 
the usual risks of undergoing cardiac surgery.  If you are pregnant or breastfeeding, your heart 
surgeon will discuss the risks with you, and with your other healthcare providers. 

 

Can I expect to benefit from participating in this research study? 

You may not receive any direct benefit from your participation in this study. Your participation 
may allow the researchers to determine whether early surgery or surveillance is a better 
treatment for patients with enlarged aortas. This may benefit future patients. 

 

This study will select by chance which treatment plan you will receive.  Participants in one arm 
of this study may do better or worse than participants in the other arm.    

 

Do I have to participate? What alternatives do I have? 

You can choose not to participate in this study. If you choose not to participate, you will receive 
the treatment that is best suited for your medical history and current condition as determined by 
the surgeon. Your study doctor will discuss these options with you. 

 

Your participation in this study is voluntary.  You may decide not to be in this study, or to be in 
the study now, and then change your mind later without affecting the medical care, education, or 
other services to which you are entitled or are presently receiving at this institution. 

 

If I agree now, can I change my mind and withdraw later? 

You may withdraw from the study at any time without any impact on your current or future care 
at this institution. 

• If you decide to stop your study participation before your procedure, you should contact 
the study doctor or the study team immediately as we will need to make alternative 
arrangements. They will discuss the related issues with you. 

• You may also choose to discontinue your participation in the study after your procedure. 
However, a final visit may need to be completed to ensure your safety and well-being. 

• If you withdraw your consent, the study team will no longer collect your personal health 
information for research purposes, unless it is needed for review of safety. Any 
information gathered up until your withdrawal will still be used.  

• You can also choose to withdraw your data from the study. Should you want to do this, 
please contact the study doctor or study team. 

 

What compensation will I receive if I am injured or become ill in this study? 

In the event of a study-related injury or illness, you will be provided with appropriate medical 

treatment and care.  Financial compensation for lost wages, disability or discomfort due to an 

injury or illness is not generally available.  
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You are not waiving any of your legal rights by agreeing to participate in this study.  The study 
doctor and the University of Ottawa Heart Institute still have their legal and professional 
responsibilities.  

 

Will I be paid for my participation or will there be any additional costs to me?  

You will not be paid for your participation in this study, and there will be no additional costs to 
you. The cost of parking will be paid for each visit related to the study.  

 

How is my personal information being protected? 

• If you decide to participate in this study, the investigator(s) and study staff will look at your 
personal health information and collect only the information they need for this study. 
“Personal health information” is health information about you that could identify you because 
it includes information such as your name, address, telephone number, date of birth, new 
and existing medical records, or the types, dates and results of various tests and 
procedures. 

• Information that identifies you will be released only if it is required by law.  

• All information collected during your participation in this study will be identified with a unique 
study number (for example participant # AB01), and will not contain information that 
identifies you.   

• Documents or samples leaving the UOHI will only contain the coded study number.  

• A Master List provides the link between your identifying information and the coded study 
number. This list will only be available to Dr. Boodhwani and his staff and will not leave 
this site. 

• The Master List and coded study records will be stored securely. 

• For audit purposes only, your original medical records may be reviewed under the 
supervision of Dr. Boodhwani’s staff by representatives from: 

o The Ottawa Health Science Network Research Ethics Board (OHSN-REB) 
o The sponsor, The Ottawa Heart Institute Research Corporation 

• You will not be identified in any publications or presentations resulting from this study. 

• Research records will be kept for 10 years, as required by the OHSN-REB. 

• At the end of the storage time, all paper records will be shredded and all electronic 
records will be securely deleted. 

 

A description of this clinical trial will be available on http://www.ClinicalTrials.gov. This Web site 
will not include information that can identify you.  At most, the Web site will include a summary 
of the results. You can search this Web site at any time. 

 

This research study can be found on the above listed website by using the clinical trial 
registration number NCT03536312. 
 

Do the investigators have any conflicts of interest? 

There are no conflicts of interest to declare related to this study.  
 

What are my responsibilities as a study participant? 

It is important to remember the following things during this study: 

• Ask your study doctor or study team if you have any questions or concerns. 

• Tell your study doctor or study team if anything about your health has changed. 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2021-052070:e052070. 11 2021;BMJ Open, et al. Guo MH



 

Page 7 of 8 

Version date: 10 May 2018 

• Call the study doctor if you experience any side effects, even if you are unsure whether it 
has anything to do with this study.    

 

Will I be informed about any new information that might affect my decision to continue 
participating? 

You will be told in a timely fashion of any new findings during the study that could affect your 
willingness to continue in the study.  You may be asked to sign a new consent form.  

 

Who do I contact if I have any further questions?  

If you have any questions about this study, or if you feel that you have experienced a study-
related injury or illness, please contact Dr. Munir Boodhwani at 613-696-7237 or the study staff 
at 613-696-7000 ext. 18329 

 

The Ottawa Health Science Network Research Ethics Board (OHSN-REB) has reviewed this 
protocol.  The Board considers the ethical aspects of all research studies involving human 
participants at the University of Ottawa Heart Institute. If you have any questions about your 
rights as a study participant, you may contact the Chairperson at 613-798-5555, extension 
16719.
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Treatment In Thoracic Aortic Aneurysm: Surgery vs. Surveillance 
TITAN: SvS  OHSN-REB #20180007 

 

Consent to Participate in Research 

• I understand that I am being asked to participate in a research study about early surgery vs. 

surveillance in patients with ascending aortic aneurysm.   

• This study was explained to me by ___________________________.  

• I have read, or someone has read to me, each page of this Participant Informed Consent Form.   

• All of my questions have been answered to my satisfaction.   

• If I decide later that I would like to withdraw my participation and/or consent from the study, I 

can do so at any time. 

• I voluntarily agree to participate in this study. 

• I will be given a copy of this signed Participant Informed Consent Form. 

 

It is important that your personal doctor be aware you are in a research study, as you may be 

taking a treatment that could affect your health.  With your permission, we will notify him/her that 

you are taking part in this study. 

I consent to my personal doctor being notified that I am taking part in this study: 

❑ YES ❑ NO   Participant’s Initials________ 

 

_____________________________   ____________________________   _________________ 

Participant’s Printed Name     Participant’s Signature    Date 

 

Investigator or Delegate Statement  

I have carefully explained the study to the study participant.  To the best of my knowledge, the 

participant understands the nature, demands, risks and benefits involved in taking part in this 

study.   

 

_____________________________   ____________________________   _________________ 

Investigator/Delegate’s Printed Name    Investigator/Delegate’s Signature    Date 

 
Assistance Declaration  
Was the participant assisted during the consent process?  ❑ Yes ❑ No 
 
❑  The consent form was read to the participant, and the person signing below attests that the 
study was accurately explained to, and apparently understood by, and consent was freely given by 
the participant/substitute decision-maker.  
❑  The person signing below acted as a translator for the participant during the consent process.  
He/she attests that they have accurately translated the information for the participant, and believe 
that the participant has understood the information translated. 
 

___________________________        _________________________  ____________________   

Name of Person Assisting (Print)           Signature                            Date 
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