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ABSTRACT

Background

Thoracic aortic arch aneurysms (TAAs) can be a life-threatening condition due to the potential risk of rupture. Treatment is recommended
when the risk of rupture is greater than the risk of surgical complications. Depending on the cause, size and growth rate of the TAA,
treatment may vary from close observation to emergency surgery. Aneurysms of the thoracic aorta can be managed by a number of surgical
techniques. Open surgical repair (OSR) of aneurysms involves either partial or total replacement of the aorta, which is dependent on the
extent of the diseased segment of the aorta. During OSR, the aneurysm is replaced with a synthetic graft. Hybrid repair (HR) involves
a combination of open surgery with endovascular aortic stent graft placement. Hybrid repair requires varying degrees of invasiveness,
depending on the number of supra-aortic branches that require debranching. The hybrid technique that combines supra-aortic vascular
debranching with stent grafting of the aortic arch has been introduced as a therapeutic alternative. However, the short- and long-term
outcomes of HR remain unclear, due to technical difficulties and complications as a result of the angulation of the aortic arch as well as
handling of the arch during surgery.

Objectives

To assess the effectiveness and safety of HR versus conventional OSR for the treatment of TAAs.

Search methods

The Cochrane Vascular Information Specialist searched the Cochrane Vascular Specialised Register, CENTRAL, MEDLINE, Embase, CINAHL
and AMED databases and World Health Organization International Clinical Trials Registry Platform and ClinicalTrials.gov trials registers to
22 March 2021. We also searched references of relevant articles retrieved from the electronic search for additional citations.

Selection criteria

We considered for inclusion in the review all published and unpublished randomised controlled trials (RCTs) and controlled clinical trials
(CCTs) comparing HR to OSR for TAAs.

Data collection and analysis

Two review authors independently screened all titles and abstracts obtained from the literature search to identify those that met the
inclusion criteria. We retrieved the full text of studies deemed as potentially relevant by at least one review author. The same review authors
screened the full-text articles independently for inclusion or exclusion.
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Main results

No RCTs or CCTs met the inclusion criteria for this review.

Authors' conclusions

Due to the lack of RCTs or CCTs, we were unable to determine the safety and effectiveness of HR compared to OSR in people with TAAs,
and we are unable to provide high-certainty evidence on the optimal surgical intervention for this cohort of patients. High-quality RCTs or
CCTs are necessary, addressing the objective of this review.

PLAIN LANGUAGE SUMMARY

Hybrid versus conventional open surgical repair for thoracic aortic arch aneurysms
Background

An aortic aneurysm is an abnormal bulge or swelling that occurs in the wall of the aorta. An aneurysm can be classified by its shape,
location (sometimes reported as zone) and size. A thoracic aortic arch aneurysm (TAA) is a swelling in the upper portion of the thoracic
aorta. The estimated annual incidence (number of new cases in a population over a particular period of time) of TAAs is between 5.6 and
10.4 cases per 100,000 patient-years. TAAs affect people mostly in the sixth and seventh decade of life and affect men and women equally.
Management of TAAs differs by the extent and location of the aneurysm along the aortic arch and the patient’s medical history. TAAs can be
treated with either open surgical repair (a surgical procedure requiring partial or total replacement of the diseased aortic arch) or hybrid
repair (a surgical procedure which is a less invasive form of open surgical repair). So far, there is no consensus on which type of operation
offers the best clinical outcomes in people with TAAs.

This review aimed to assess the safety and effectiveness of hybrid repair compared to open surgical repair in treating TAAs.
Study characteristics and key results

We searched the literature for randomised controlled trials (RCTs) and controlled clinical trials (CCTs) to evaluate the effectiveness and
safety of HR compared to OSR for treating TAAs. Our search, current up to March 2021, did not identify any trials that met our inclusion
criteria. High-quality trials are needed to help inform healthcare professionals, policy makers, and patients about the best possible
treatment option for people with TAAs.

Certainty of the evidence
We found no RCTs and CCTs that addressed the review objective.
Conclusion

High-quality RCT and CCTs are required to assess the safety and effectiveness of HR compared to OSR effectively.

Hybrid repair versus conventional open repair for thoracic aortic arch aneurysms (Review) 2
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BACKGROUND
See Appendix 1 for Glossary of terms

Description of the condition

The aorta is the largest artery in the body, delivering oxygenated
blood to all organs through the entire body (Bhimji 2012). The wall
of the aorta is made up of three layers, the intima, the media and
the adventitia. The intima is the innermost layer. This layer has a
smooth surface for blood to flow past. The mediais the middle layer
made up of muscle and elastic fibres. This layer allows the aorta
to expand and tighten. The adventitia is the outermost layer and
provides additional support and shape to the aorta.

The aorta is divided into five sections depending on their location:
the ascending aorta, aortic arch, descending thoracic aorta,
thoracoabdominal aorta and abdominal aorta. The ascending
aorta rises from the heart. The aortic arch begins close to the
brachiocephalic artery (BA) and ends at the T4 vertebra. Three
major vessels, BA, left common carotid artery (LCCA) and left
subclavian artery (LSA) arise from the aortic arch (Imran 2020).
These three vessels supply blood to the neck, arms and head. The
descending aorta begins at the level of the fourth thoracic vertebra
as a continuation of the aortic arch and ends at the diaphragm. The
abdominal aorta begins at the diaphragm and then divides into the
left and right common iliac arteries.

Based on guidelines published by the Society of Vascular Surgery
(SVS) for endovascular repair of the aorta, the aorta is divided
into 12 zones, from 0 to 11 (Czerny 2019; Fillinger 2010). This zone
classification is also used to provide further information on the
exact location of an aneurysm along the aorta.

The zones of the aorta are categorised as follows:

Zone 0 involves the proximal ascending aorta to the BA origin;
Zone 1is distal to the BA but proximal to the LCCA;

Zone 2 is distal to the LCCA but proximal to the subclavian artery;
Zone 3 is distal to the LSA artery and travels 2 cm beyond the
subclavian artery;

Zone 4 proximal extent of the endograft is 2 cm distal to the LSA and
ends within the proximal half of the descending thoracic aorta (T6
approximates the midpoint of the descending thoracic aorta);
Zone 5 starts in the distal half of the descending thoracic aorta but
ends proximal to the celiac artery;

Zone 6 involves the celiac origin to the top of the superior
mesenteric artery (SMA);

Zone 7 covers the SMA;

Zone 8 covers at least one of the renal arteries;

Zone 9 covers below the renal arteries to the bifurcation of the
common iliac arteries;

Zone 10 comprises the common iliac arteries; and

Zone 11 covers the external iliac arteries.

Thoracic aortic arch aneurysms (TAAs) are a dilatation or widening
of the thoracic aortic arch, reaching at least 1.5 times the
normal diameter (Czerny 2019; Elefteriades 2010). Thoracic aortic
aneurysms can involve one or more sections of the thoracic
aorta that include the aortic root (60% of thoracic aortic cases),
ascending aorta (60% of cases), aortic arch (10% of cases) and
a portion of the descending aorta (40% of cases) (Clare 2016;
Czerny 2019; Elefteriades 2002; Ince 2007; Isselbacher 2005; Olsson

2006). The Ishimaru classification further categorises the aneurysm
location based on zones (Mitchell 2002). The thoracic aorta is
divided into five zones, each zone corresponding to the site of
the aneurysm. Zone 0 involves the proximal ascending aorta
to the brachiocephalic artery. Zone 1 comprises the aortic arch
between the brachiocephalic and left common carotid artery.
Zone 2 involves the aortic arch between the left common carotid
artery and the left subclavian artery. Zone 3 involves the proximal
descending thoracic aorta distal to the left subclavian artery, and
Zone 4 involves the mid-descending thoracic aorta (Mitchell 2002;
Moulakakis 2013). This zone classification can be used to provide
further information on the exact location of an aneurysm along the
aorta.

The natural history of TAA is a slow expansion with an exponential
increase in the risk of rupture at larger diameters. The expansion
rates for TAAs are generally less than those of abdominal aortic
aneurysms (AAAs) (Masuda 1992; Oladokun 2016). The rate of
expansion depends on the location of the aneurysm, its aetiology
and diameter. TAAs are associated with high rates of morbidity
and mortality. Most TAAs are degenerative in nature, resulting from
alterations in the vascular wall, which lead to loss of structural
integrity and wall strength (Gleason 2005; Pannu 2005; Wheeler
2014). The underlying causes of degenerative TAAs are not fully
elucidated but are associated with underlying conditions such
as bicuspid aortic valve disease, hypertension, and presence of
aneurysms located in other sections of the aorta. TAAs may also
develop following an aortic dissection, from trauma or from a
genetic predisposition that is either familial or related to an
inherited connective tissue disorder (Gleason 2005; Pannu 2005;
Wheeler 2014). Connective tissue disorders associated with TAA
include Marfan syndrome, Ehlers Danlos syndrome and Loeys Dietz
syndrome (Clare 2016). The outcome after surgical repair differs for
each form of TAA, depending on the specific anatomical location,
patient comorbidity and the integrity of the connective tissue of the
aortic wall.

Description of the intervention

Current surgical techniques in use for the repair of TAAs are OSR
and HR (Clouse 1998; Czerny 2019; Hiraoka 2015; Hiratzka 2010;
Moulakakis 2013; Ouzounian 2013; Patel 2016). Total endovascular
repair (TEVAR) is another surgical technique for treating TAA,
but this technique is a relatively new intervention for the aortic
arch. TEVAR can be undertaken, even if TAAs involve aortic arch
branch vessels, by using specialised endovascular fenestration
or branching covered stents, or both. This requires meticulous
operative planning and expert operator skill. These types of repair
are therefore limited to centres that perform a reasonable number
of these procedures (Haulon 2013; Preventza 2014).

OSR of aortic arch aneurysms is a complex surgical procedure
requiring partial or total replacement of the diseased aortic
arch. Patients offered open surgery are highly selected based
on their comorbidity status. The use of cardiopulmonary bypass,
hypothermic circulatory arrest and cerebral protection, have
resulted in improvement in neurological events such as stroke, but
mortality remains high (Bachet 2018; Estrera 2008; Hiraoka 2015).

The hybrid approach involves a debranching procedure, which
is a less invasive form of OSR combined with TEVAR, and is
suitable for complex cases. This approach has been reported to
improve outcomes for high-risk patients who are unsuitable for
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OSR, but postoperative complications (particularly stroke) are still
a major concern (Vallabhajosyula 2013). Hybrid procedures can be
performed as a single-stage procedure or can be performed as a
two-stage procedure where the open component is performed first
and then the endovascular component at a later point.

All surgical interventions of the aorta arch require cerebral
protection. Cardiopulmonary bypass is necessary for surgical
repair of the aneurysm involving the thoracic aortic arch.
Cardiopulmonary bypass provides extracorporeal oxygenation of
the patients’ blood, allowing for isolation of the diseased aortic
segment while still providing perfusion to the rest of the body.
In addition to circulatory arrest, the body is put under moderate
hypothermic conditions (a drop in body temperature) in order
to reduce metabolic rate. While hypothermia is an important
factor for cerebral protection during circulatory arrest, it is not
sufficient of itself to provide adequate cerebral protection. There
are three methods for cerebral protection during hypothermic
circulatory arrest. These three methods include further cooling by
deep hypothermic circulatory arrest (DHCA), retrograde cerebral
perfusion (RCP) and antegrade cerebral perfusion (ACP). The choice
of cerebral protection is institution-driven and also determined
based on surgeons' expertise and preference.

Deep hypothermic circulatory arrest (DHCA) is used for the
replacement of the aortic arch during OSR to help re-anastomosis
of the supra aortic vessels. DHCA involves cooling the body slowly
over 30 to 35 minutes to a temperature of 20 °C for hemi-arch
replacement or 18 °C for total arch replacement, so blood flow
can be stopped temporarily, reducing oxygen requirement and
metabolic demands of the brain and vital organs (Conolly 2010;
Damberg 2017). This allows surgery on the aorta to be safely
performed while preventing organ ischaemia during circulatory
arrest (Conolly 2010; Damberg 2017; Ziganshin 2014). DHCA
can only be used for short periods of circulatory arrest. Once
surgery is complete, patients are gradually rewarmed before the
cardiopulmonary bypass is stopped.

Antegrade cerebral perfusion (ACP) and retrograde cerebral
perfusion (RCP) are two methods used to ensure cerebral
protection. RCP uses cold or moderately-cold oxygenated blood
(15 - 24 °C) administered into the superior vena cava during
the circulatory arrest period (Pacini 2007; Safi 2011). Since its
introduction in the 1980s, antegrade cerebral perfusion (ACP) is
typically used for perfusion during OSR (Mills 1980; Ouzounian
2013; Patel 2016). ACP is typically performed through a cannulation
of the brachiocephalic and left common carotid arteries. ACP
permits longer periods of circulatory arrest then with just DHCA
alone. The lower temperature (12 °C to 16 °C) used in ACP reduces
the incidence of blood clots seen with RCP (Ouzounian 2013; Patel
2016). The choice of ACP or RCP is dependent on surgeon expertise
and preference as well as institution availability, with acceptable
results for both options (Di Bartolomeo 2017; Estrera 2008; Imran
2020; Ouzounian 2013, Shrestha 2017; Stein 2010)

Open surgical repair

Open surgical repair (OSR) involves reconstruction of the aortic
arch with a synthetic surgical graft and multiple anastomoses
(connections between adjacent blood vessels) (Czerny 2019).
Techniques of OSR vary depending on the extent of the thoracic
aortic pathology.

In people with a proximal arch aneurysm, a hemi-arch replacement
is performed. The ascending aorta is replaced with a synthetic graft
and the arch vessels are left intact.

In people presenting with extensive thoracic aneurysms, a total
arch replacement is performed. Total arch replacement is the gold
standard for aortic arch repair (Imran 2020; Wallen 2018). This
involves removal of the brachiocephalic, left common carotid and
left subclavian arteries from the aortic arch (Ouzounian 2013; Patel
2016). The three branching arch vessels are either attached to the
synthetic island graft using a patch from the aorta containing the
origins of the three vessels, or reimplanted individually using a
synthetic graft containing three to four branches. The proximal and
distal ends of the graft are attached to normal segments of the
ascending and descending aorta (Hiratzka 2010; Ouzounian 2013;
Patel 2016).

In cases where the aneurysm extends beyond zone 4, and further
staged surgery is expected, a technique called elephant trunk
can be used, whereby surplus intravascular graft length can be
used to facilitate subsequent operations on the downstream aorta
(Heinemann 1995).

Hybrid repair

HR was introduced to simplify and reduce the invasiveness
of OSR. Hybrid aortic arch repair involves debranching of the
main three vessels (brachiocephalic, left common carotid and
left subclavian arteries) using synthetic bypass grafting (Antoniou
2010). This is followed by placing an endovascular graft traversing
the aortic arch and landing distally in the descending aorta. This
approach is associated with lower mortality and morbidity rates in
comparison to OSR, but endoleaks (persistent blood flow outside
the lumen of the stent graft within the aneurysm sac, resulting
from inadequate sealing between the endograft and the wall of
the aorta, fabric defects or retrograde flow from patent aortic side
branches) and graft migration remain its main drawbacks (Czerny
2013; Fillinger 2010; Metzger 2014). HR has proven beneficial in
cases with extensive disease that also affects the distal aorta
(Cao 2012; Clough 2013; Jakob 2012; Jakob 2017). The diseased
section of the descending aorta is repaired using an endovascular
stent graft (Harris 2013). The decision to perform debranching
is multifactorial, depending on the anatomy, patient fitness and
comorbid status, as well as surgical expertise and hospital facilities.
Hybrid approaches are classified into three types according to the
extent of aortic lesion and the presence of the proximal and distal
landing zone (Moulakakis 2013) (see Figure 1).
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Figure 1. (A) The aortic arch divided into four landing zones for the proximal end of the endograft. (B) Type I:
debranching using brachiocephalic bypass grafting and endovascular repair of the aortic arch. This approach is
reserved for cases with isolated aortic arch aneurysm that have adequate proximal landing zone 0 in the ascending
aorta and distal landing zone in the descending thoracic aorta. (C) Type Il: involves an open repair of the ascending
aorta and revascularisation of the three branching vessels to create a proximal landing zone for an endovascular
graft, which is then deployed to exclude the aneurysm. (D) Type llI: consists of an elephant trunk procedure with
surgical reconstruction of the aortic arch and revascularisation of the branching vessels of the aortic arch. The
surgical graft used to repair the aortic arch is extended in to the descending aorta, where is functions as a landing
zone for an endovascular stent graft. This procedure is reserved for patients with extensive aortic lesions involving
the ascending aorta, transverse arch and the descending thoracic aorta. "Copyright © [2017] [Oxford University
Press on behalf of the European Association for Cardio-Thoracic Surgery]: reproduced with permission. All rights

reserved."

A B

« Type | involves debranching using brachiocephalic bypass
grafting and endovascular repair of the aortic arch. This
approach is reserved for cases with isolated aortic arch
aneurysm that have adequate proximal landing zone in the
ascending aorta and distal landing zone in the descending
thoracic aorta (see Figure 1 B).

« Type Il involves an open reconstruction of the ascending aorta
and revascularisation of the three branching vessels to create a
proximal landing zone for an endovascular graft, which is then
deployed to exclude the aneurysm (see Figure 1 C).

« Type lll consists of an elephant trunk procedure with surgical
reconstruction of the aortic arch and revascularisation of the
branching vessels of the aortic arch. The surgical graft used to
repair the aortic arch is extended in to the descending aorta,
where it functions as a landing zone for an endovascular stent
graft. This procedure is reserved for patients with extensive
aortic lesions involving the ascending aorta, transverse arch
and the descending thoracic aorta (Moulakakis 2013) (see Figure
1D).

How the intervention might work

Despite improved standards of perioperative care, operative
techniques and use of additional protective measures, OSR and
HR are associated with considerable morbidity and mortality rates
(Chakos 2018; Hiraoka 2015; Moulakakis 2013; Miao 2017; Preventza
2015). Although OSR is regarded as standard therapy for TAAs, the
associated morbidity and mortality is significant, with reported

Type |

L Type R O Typem

1/~

rates ranging between 3.7% and 14% for mortality and 4% to 10%
for neurological events (Bachet 2018; Chakos 2018; Hanif 2018; Hori
2017; Khullar2017; Stone 2006; Tanaka 2014). Intervention for TAAs
using a hybrid approach reduces the invasiveness of surgery and
can remove the need for cardiopulmonary bypass and antegrade
cerebral perfusion. The availability of off-the-shelf stent grafts
that can be easily delivered and deployed in complex aortic arch
anatomies has encouraged more surgeons to treat complicated
cases using the hybrid approach.

Why it is important to do this review

It is estimated that 3% to 4% of patients over the age of 65
years are affected by TAAs (Elefteriades 2010; Saliba 2015). It
is anticipated that the incidence and prevalence of TAAs will
accelerate with an increasingly ageing population (Elefteriades
2010). In the event of rupture, sudden death is almost certain;
and although the risk of mortality is reduced with repair of the
aneurysm, the risk of perioperative morbidity and mortality is
still considerable. Management of people with TAAs represents
a continuing formidable challenge and is an area of ongoing
research and development (Wong 2011). The introduction of
HR, a single stage or two-stage surgical procedure consisting of
open debranching of the supra-aortic arch vessels followed by
endovascular repair of the distal aorta (zone 4), has shown potential
to reduce rates of mortality and morbidity (Benedetto 2013; Chakos
2018; Miao 2017; Preventza 2015; Tokuda 2016). Although there
have been major advances in the quality of treatment of TAAs, to
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date, there is currently no clinical consensus on which operative
approach offers the best clinical outcomes in people with TAAs. We
undertook this review in order to guide surgeons on the optimal
surgical intervention for TAAs.

OBJECTIVES

This review aimed to assess the effectiveness and safety of HR
versus conventional OSR for the treatment of TAAs.

METHODS

Criteria for considering studies for this review
Types of studies

We considered randomised controlled trials (RCTs) and clinical
controlled trials (CCTs) comparing HR to OSR for TAAs for inclusion
in the review.

Types of participants

All participants with TAAs in zones 0 to 4, diagnosed using
conventional methods such as computed tomography (CT) or
magnetic resonance imaging (MRI), or both, were included in the
review. We applied no limitation by participants' gender, age,
ethnicity or treatment setting (e.g. elective versus emergency).
We considered all morphologies (e.g. fusiform and saccular) for
inclusion. Based on the American College of Cardiology and
American Heart Association (ACC/AHA) 2010 guidelines and the
2014 European Society of Cardiology (ESC) guidelines for the
management of TAAs, TAAs larger than 5.5 cm in diameter or
with an annual growth rate of more than 0.5 c¢cm requiring
surgical intervention by HR or OSR were considered for inclusion
(Erbel 2014; Hiratzka 2010). We excluded people with aortic
aneurysms that required concomitant aortic valve replacement,
TAAs secondary to aortic dissection, traumatic TAAs or infective
TAAs. We also excluded cases treated with purely or total
endovascular technique.

Types of interventions

We planned to include the following comparisons:

o Type | hybrid technique versus OSR;
o Type Il hybrid technique versus OSR; and
« Type lll hybrid technique versus OSR.

Types of outcome measures

The primary and secondary outcomes were guided by the
International Aortic Arch Surgery Study Group (IAASSG) (Yan 2014).

Primary outcomes

« Aneurysm-related mortality at 30 days
« Aneurysm-related mortality at 12 months
« Neurological deficit (stroke or paraplegia)

« Cardiovascular event (myocardial ischaemia, heart failure, low
cardiac output syndrome, arrhythmia, pericardial effusion)

+ Reintervention rate (defined as secondary intervention after the
primary hybrid or OSR repair)

Search methods for identification of studies
Electronic searches

The Cochrane Vascular Information Specialist conducted
systematic searches of the following databases for randomised
controlled trials and controlled clinical trials without language,
publication year or publication status restrictions.

» The Cochrane Vascular Specialised Register via the Cochrane
Register of Studies (CRS-Web searched from inception to 22
March 2021).

« TheCochrane Central Register of Controlled Trials (CENTRAL) via
the Cochrane Register of Studies Online (CRSO 2021, Issue 2).

« MEDLINE (Ovid MEDLINE® Epub Ahead of Print, In-Process &
Other Non-Indexed Citations, Ovid MEDLINE® Daily and Ovid
MEDLINE® 1946 to present) (searched 22 March 2021).

« Embase Ovid (searched 22 March 2021).
o CINAHL Ebsco (searched 22 March 2021).
« AMED Ovid (searched 22 March 2021).

The Information Specialist modelled search strategies for other
databases based on the search strategy designed for CENTRAL.
Where appropriate, they were combined with adaptations of
the highly sensitive search strategy designed by Cochrane for
identifying randomised controlled trials and controlled clinical
trials (as described in the Cochrane Handbook for Systematic
Reviews of Interventions Chapter 6; Lefebvre 2011). Search
strategies for major databases are provided in Appendix 2.

The information Specialist also searched the following trials
registries on 22 March 2021.

« The World Health Organization International Clinical Trials
Registry Platform (who.int/trialsearch).

« ClinicalTrials.gov (clinicaltrials.gov).

Searching other resources

We searched references of relevant articles retrieved from the
electronic search for additional citations.

Data collection and analysis
Selection of studies

Two review authors (AE and EPK) independently screened and
assessed all titles and abstracts identified from the literature
search. We retrieved the full text of studies identified as potentially
relevant by at least one review author. The same review authors
independently screened the full-text articles for inclusion or
exclusion. We resolved any disagreements by discussion or, when
necessary, we consulted a third review author (NH). All studies
excluded at the full-text stage are listed as excluded studies, with
reasons for their exclusion presented in the Characteristics of
excluded studies table. The screening and selection processes are

« Respiratory compromise (parenchymal and pleural presented using the adapted PRISMA flowchart (Liberati 2009).
complications) .
Data extraction and management
Secondary outcomes Had we included studies, we planned for two review authors (AE
« Graft patency and EPK) to independently extract data from eligible studies using
Hybrid repair versus conventional open repair for thoracic aortic arch aneurysms (Review) 6
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an adapted data extraction form provided by Cochrane Vascular.
Any disagreements would have been resolved by discussion or if
necessary, we would have consulted a third review author (NH). We
had planned for one review author (AE) to enter extracted data into
Review Manager 5 (Review Manager 2020), and we planned for a
second review author (NH), to check for accuracy and consistency
against the data extraction sheets.

Assessment of risk of bias in included studies

Had we included studies, we planned that two review authors
(AE and EPK) would assess each study independently for risks of
bias according to the following criteria, as recommended by the
Cochrane Handbook (Higgins 2011):

« Random sequence generation (selection bias);

« Allocation concealment (selection bias);

« Blinding of participants and personnel (performance bias);
« Blinding of outcome assessment (detection bias);

« Incomplete outcome data (attrition bias);

« Selective reporting (reporting bias); and

« other potential sources of bias.

We planned to judge all included studies as having low, high or
unclear risk of bias, based on these criteria. We planned to resolve
disagreements by discussion or if necessary by consulting with a
third review author (NH).

Measures of treatment effect
Dichotomous data

Had we included studies, we planned to express the results for
dichotomous outcome measures using a risk ratio (RR) and its
associated 95% confidence interval (Cl) to reflect uncertainty of the
point estimate of effects.

Continuous data

For continuous outcome measures, we had planned to calculate
the mean difference and standard deviation with its corresponding
95% Cl. We had planned to use the standardised mean difference
(SMD) with its 95% Cl to combine outcomes from trials that measure
the same outcome using different scales (Higgins 2011).

Time-to-event data

In relation to survival analysis, we planned to report time-to-event
data and the intervention effect expressed as a hazard ratio and
its associated 95% Cl. Methods used to analyse time-to-event data
would have been guided by those described by Parmar 1998 and
Tierney 2007.

Unit of analysis issues

Had we included studies, the unit of analysis would have been each
individual participant.

Dealing with missing data

For studies with missing data, we contacted the corresponding
study authors to try to obtain additional information. We planned
to record missing and unclear data for each included study. We
also aimed to perform all analyses using an intention-to-treat
approach, that is, we had planned to analyse all participants and

their outcomes within the groups to which they were allocated,
regardless of whether they received the intervention or not.

Assessment of heterogeneity

Had we included studies, we planned to assess the degree of
heterogeneity by visual inspection of forest plots and by examining
the Chi? test for heterogeneity. We planned to assess heterogeneity
of the overall results for the main outcomes by use of Chi2, 12
and Tau? statistics, according to the Cochrane Handbook (Higgins
2011).

We planned to regard statistical heterogeneity as substantial if an
I2 was greater than 50% and either the T2 was greater than zero,
or there was a low P value (less than 0.10) in the Chi2 test for
heterogeneity.

Assessment of reporting biases

If 10 or more studies were included in the review, we had planned
to investigate publication bias using funnel plots, as recommended
by the Cochrane Handbook (Higgins 2011).

Data synthesis

Had we included studies, we planned to record data and carry out
statistical analysis using Review Manager 5 (Review Manager 2020),
using a fixed-effect meta-analysis for synthesising data where it
was reasonable to assume that trials were estimating the same
underlying treatment effect. If clinical heterogeneity was sufficient
to expect that the underlying treatment effects differed between
trials, or if we detected substantial statistical heterogeneity, we
had planned to use a random-effects meta-analysis to produce an
overall summary where the average treatment effect was clinically
meaningful. If we detected substantial clinical, methodological or
statistical heterogeneity across the included trials, we had planned
not to report pooled results from the meta-analysis but instead to
use a narrative approach to data synthesis.

Subgroup analysis and investigation of heterogeneity

We had planned subgroup analyses limited to primary outcomes.
Our planned subgroup analyses included:

« Classification based on proximal treatment zone and the extent
of the disease (number of zones into which the aneurysm
extends);

« Connective tissue disease versus degenerative disease;
+ Previous aortic valve repair;

« Elective versus emergency;

« Gender (men versus women); and

« Length of stay in intensive care unit (HR versus OSR).

Sensitivity analysis

For the purpose of this review, and had we included studies, we had
planned to classify trials judged as ‘low risk of bias’ for sequence
generation and allocation concealment as high-quality trials. We
had planned to repeat the analyses to include only high-quality
trials. We had also planned to repeat the analyses including only
RCTs.

Hybrid repair versus conventional open repair for thoracic aortic arch aneurysms (Review) 7
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Summary of findings and assessment of the certainty of the
evidence

Had we included studies, we planned to prepare 'Summary of
findings' tables to present the findings from this review using
GRADEproGDT (GRADEpro GDT). We had also planned to create one
table for each comparison (Type | hybrid technique versus OSR;
Type Il hybrid technique versus OSR; Type Il hybrid technique
versus OSR). We planned to include all seven outcomes as detailed
in ‘Types of outcome measures. We would have graded the
certainty of the evidence for each outcome using criteria devised
by GRADE (GRADE Working Group 2004). We had planned to assess
the certainty of the evidence as high, moderate, low or very low,
based on risk of bias, inconsistency, indirectness, imprecision

and publication bias (Atkins 2004; Guyatt 2008; Higgins 2011,
Schiinemann 2010).

We include a draft version of the 'Summary of findings' table in this
review (see Table 1).

RESULTS

Description of studies
Results of the search

The database searches resulted in 1959 reports of trials, of which
322 were duplicates. There were no RCTs or CCTs relevant to this
review (see Figure 2).

Hybrid repair versus conventional open repair for thoracic aortic arch aneurysms (Review) 8
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Included studies

No RCTs or CCTs were eligible for inclusion (see Figure 2).

Excluded studies

We assessed 120 studies (125 records) by full-text eligibility, and
excluded them with reasons (see Figure 2). See Characteristics of
excluded studies for the full list of excluded studies and reasons for
exclusion.

Fifty-three studies (58 records) studies were excluded due to
intervention not meeting review inclusion criterion (see Figure
2), (Acher 1993; Bockler 2016; ChiCTR-IPR-15006372; Fairman
2008; Fernandez 2016; Huang 2011; JPRN-UMIN000005430;
JPRN-UMIN000007213; JPRN-UMIN000024202; Karashima 2016;
Kaushik 2017; Matsumura 2014; NCT00110201; NCT00409344;
NCT00508118; NCT00583817; NCT00590759; NCT00691756;
NCT00757003; NCT01033214; NCT01181947; NCT01524211;
NCT01756911; NCT01772537; NCT01839695; NCT01920594;
NCT02010892; NCT02089607; NCT02253082; NCT02291718;
NCT02294435; NCT02323581; NCT02365454; NCT02365467;
NCT02471781; NCT02554032; NCT02625324; NCT02652949;
NCT02678728; NCT02777528; NCT02777593; NCT02818972;
NCT03024554; NCT03111459; NCT03207568; NCT03208504;
NCT03214601; Novikova 2011; Patel 2016; Rahe-Meyer 2013; Spear
2016; Svensson 2001; Svensson 2015).

Forty-nine studies (49 records) were excluded based on their
study design not meeting review inclusion criterion after
inspection of full text (observation, prospective and retrospective
reviews, review articles, systematic reviews, case reports,
questionnaires, drug trials) (see Figure 2). Ten of these studies
were excluded because they were systematic reviews (Abraha
2016; Alsawas 2017; Andrasi 2010; Bakoyiannis 2010; Elhelali 2016;
Hanif 2018; Li 2018; Miao 2017; Pinto 2017; NCT02644681). We
excluded six observational studies (NCT02735720; NCT01480206;
NCT03093857; NCT00739557; NCT02111668; Schanzer 2017). We
excluded seven review articles (Hongku 2016; Khullar 2017; Radak
2017; Rousseau 2014; Saeyeldin 2017; Safi 1996; Treasure 2016).
We excluded one questionnaire (NCT03414866) and one case
report (Robinson 2016). We excluded twenty-three retrospective
reviews (Benrashid 2016; Canaud 2017; Carrel 2005; Clare 2016;
Coselli 2017; Di Bartolomeo 2017; Hirano 2020; Hirnle 2016;

Hori 2017; Kawatou 2017; Liang 2017; Marrocco-Trischitta 2017,
Mougin 2017; Narita 2016; Okita 1996; Patterson 2016; Preventza
2017; Ramanan 2016; Sailer 2016; Settepani 2016; Shrestha 2017;
Tokuda 2016; Yoshitake 2017) and one non-randomised single arm
trial (NCT01107366).

Seven studies (7 records) were excluded due to not meeting
review inclusion criterion, which included evaluating the
abdominal aortic aneurysms and mycotic aneurysms (Fernandes
2017; Karner 1988; NCT02101463; NCT03075748; Piazza

2016; Rodrigues-Pinto 2016; Schroeder 2009). Five studies (5
records) were excluded due to no comparator (Moldovan 2017;
NCT00413231; NCT00488696; NCT00597870; NCT04747626)

and five studies (5 records) were excluded due to reporting

on a comparator not meeting review inclusion criterion
(ACTRN12620000123943; ChiCTR1800018803; Farber 2017;
NCT01889498; Safi 1994). We excluded one study (1 record) due to
mixed population (data included both aneurysm and dissections)
(Tsukui 2002). We contacted the study authors on three different

occasions to obtain additional information but we received no
response (Tsukui 2002).

Risk of bias in included studies

It was not possible to assess the risks of bias due to the absence of
eligible studies for inclusion.

Effects of interventions

Due to the lack of published and unpublished studies eligible for
inclusion, it was not possible to examine the effectiveness and
safety of HR versus OSR for TAAs.

DISCUSSION

Summary of main results

Aneurysms of the aortic arch pose a formidable challenge. OSR
patients are highly selected, based on patient comorbid status and
surgeon’s preference and expertise. In spite of advancements in
OSR, complications remain high with mortality rates ranging from
3.7% to 14% and neurological events as high as 10% (Estrera 2008;
Hiraoka 2015; Harrington 2004; Tanaka 2014). With continuous
improvement of technology, HR has evolved as a treatment of
TAAs. Improved outcomes in high-risk populations treated with
HR have been reported, but postoperative complications are
noteworthy (Benrashid 2016; Chakos 2018; Mestres 2013; Murphy
2009; Preventza 2014; Slisatkorn 2014; Vallabhajosyula 2013).
However, current clinical information is based on prospective
studies, case series and observational studies (Benrashid 2016;
Chakos 2018; Estrera 2008; Hiraoka 2015; Harrington 2004; Mestres
2013; Murphy 2009; Preventza 2014; Slisatkorn 2014; Tanaka 2014;
Vallabhajosyula 2013).

We found no published or unpublished RCTs or CCTs addressing the
objective of this review. We cannot draw any conclusions about the
safety and effectiveness of HR compared with OSR in people with
TAAs.

Overall completeness and applicability of evidence

We found no published or unpublished RCTs or CCTs addressing
the objective of this review. Studies reporting on outcomes of
HR and OSR for treating TAAs are small observational studies
or single-armed prospective studies (Benrashid 2016; Kawatou
2017; Khullar 2017; Murphy 2009; Narita 2016; Preventza 2014;
Yoshitake 2017). Randomised trials or controlled clinical trials or
both are needed to effectively compare hybrid techniques and
conventional OSR for treating TAAs. There are various challenges
that make it difficult to conduct RCTs for surgical interventions and
thus prevent surgeons from undertaking such trials. Some aspects
of surgery present special difficulties for randomised trials, such
as standardising surgical intervention, varying surgeon expertise
and variability in patient anatomies. Standardising any surgical
technique can be very difficult, especially in multicentre studies
(Perry 2014); surgeons possess varying surgical skills with different
training levels, resulting in inconsistent outcomes for a surgical
technique among surgeons (Demange 2011). Additionally, the large
variability in patients with arch aneurysms make standardising
surgical techniques difficult; which is another significant limitation
to performing surgical RCTs. Taking account of these constraints
and challenges, it is possible to perform surgical RCTs (Perry
2014). Surgeon expertise can be accounted for in the study design
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by randomising surgeons of comparable expertise or providing
information on how the existence of a learning curve is addressed
during the trial design (Demange 2011). Additionally, documenting
in detail each step of the surgical intervention during the trial
design may help to reduce heterogeneous delivery of interventions
in surgical RCTs. Whenever possible, RCTs should be conducted
to provide the highest level of evidence, while acknowledging the
challenges that need to be overcome in their design.

Quality of the evidence

It was not possible to assess the methodological quality or the
certainty of the evidence in the absence of studies eligible for
inclusion.

Potential biases in the review process

We found no studies relevant for inclusion in this review. By
establishing inclusion and exclusion criteria from the outset and
performing an extensive literature search, we reduced the risk of
bias.

Agreements and disagreements with other studies or
reviews

The use of HR is increasing. Current available evidence suggests
that an increase in use seems to be pointing towards improved
or equal clinical outcomes to OSR (Benedetto 2013; Chakos 2018;
Hori 2017; Miao 2017; Murphy 2009; Preventza 2014; Preventza
2015; Tokuda 2016; Vallabhajosyula 2013). Improved outcomes
in high-risk populations treated with hybrid aortic repair have
been reported, but global neurological events are still noteworthy,
particularly stroke rate ranging from 4% to 16% (Bachet 2018;
Chakos 2018; Hori 2017; Liakopoulos 2020; Mestres 2013; Preventza
2014; Tokuda 2016; Vallabhajosyula 2013). A meta-analysis of
seven retrospective cohort studies evaluating hybrid arch repair
versus open surgical repair of aortic arch aneurysm (Miao 2017)
reported no significant difference between HR and OSR in relation
to neurological complications, late mortality and renal failure. Yet
Miao 2017 reported that HR required high rates of reintervention
in comparison to OSR. Likewise, in a retrospective review, Tokuda
2016 compared the outcomes of HR to OSR, and found no
significant difference between HR and OSR, and advised to use HR
only for high-risk cases. A meta-analysis comparing hybrid repair
to OSR reported lower risk of spinal cord injury in the OSR than
the HR group (Chakos 2018). Chakos 2018 recommends that more
data are required in order to effectively compare long-term survival
data between the two procedures. Furthermore, in a meta-analysis
looking at four observational studies comparing OSR with HR in a

total of 378 participants, HR did not improve surgical deaths (OR
0.67, P = 0.92) (Benedetto 2013). Benedetto 2013 also reported
no significant increase in permanent neurologic deficit or late
mortality with HR compared to OSR.

Despite the advent of newer technologies such as HR over
OSR, there is still no clear consensus for the most appropriate
intervention in the aortic arch. There are potential benefits and
harms to the use of each, and the optimum may depend on the
comorbid status of the patient, the nature of the pathology and
the experience of the operator and centre. In the absence of RCTs
and CCTs, it is not possible to draw any conclusions to support one
treatment over the other.

AUTHORS' CONCLUSIONS

Implications for practice

No randomised controlled trials or controlled clinical trials were
available to inform decisions on the benefits and harms of HR
compared to OSR for treating TAAs. Clinicians and patients should
continue to take decisions on the optimal mode based on patient
co-morbid status and on the aneurysms size, expansion rate and
location.

Implications for research

There is a need for high-quality randomised trials evaluating
the effectiveness of hybrid repair versus open surgical repair.
Such trials will need to consider the identification, assessment
and control of factors that may affect findings, such as surgeon
expertise, outcome measures, treatment setting (elective versus
emergency) and hospital facilities (Demange 2011).
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was excluded as it only examines endovascular repair of thoracoabdominal aortic aneurysms and
does not compare this surgical technique with other surgical interventions

NCT01772537 Intervention and study population does not meet review inclusion criteria. This review examined
the effects of anaesthesia (propofol vs isoflurane) in TEVAR repair in thoracic aneurysm, cardiopul-
monary bypass, thoracoabdominal repair and abdominal aortic aneurysm repair)

NCT01839695 Intervention does not meet review inclusion criteria - this study does not compare TEVAR to either
HRor OSR

NCT01889498 Comparator did not meet study inclusion criteria - looking at drug to reduce paralysis during
aneurysm repair. The authors do not classify the type of aneurysm being treated and what inter-
vention is being used

NCT01920594 Intervention does not meet review inclusion criteria - this study was excluded as it compared
GSK1278863 to a placebo during thoracic aortic aneurysm repair. This study did not assess the ef-
fects of HR vs OSR in thoracic aortic aneurysm repair
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NCT02010892 Intervention does not meet review inclusion criteria - this prospective cohort study was excluded
as it compared TEVAR to OSR

NCT02089607 Intervention does not meet review inclusion criteria - this study was excluded as it compared
TEVAR devices only

NCT02101463 Indication does not meet review inclusion criteria - abdominal aortic aneurysm were treated using
a fenestrated branched stent-grafts

NCT02111668 Study design does not meet review inclusion criteria - observational study

NCT02253082 Study design does not meet review inclusion criteria - drug trial. Furthermore it reports on the
wrong patient population - looking at dissection not aneurysms

NCT02291718 Intervention does not meet review inclusion criteria - excluded as it compared contrast agents and
imaging techniques and not HR to OSR

NCT02294435 Intervention does not meet review inclusion criteria - this study only examined the effects of TEVAR
in aortic repair

NCT02323581 Intervention does not meet review inclusion criteria - this study only examined the effects of TEVAR
in aortic aneurysms

NCT02365454 Intervention does not meet review inclusion criteria - this study only examined the effects of TEVAR
in aortic aneurysms

NCT02365467 Intervention does not meet review inclusion criteria - this study only examined the effects of TEVAR
in aortic aneurysms

NCT02471781 intervention does not meet review inclusion criteria - this study only examined the effects of TEVAR
in aortic aneurysms

NCT02554032 Intervention does not meet review inclusion criteria - this study examines cannulation during cere-
bral protection and does not report on surgical interventions

NCT02625324 Intervention does not meet review inclusion criteria - this study only examined the effects of TEVAR
in aortic aneurysms

NCT02644681 Study design does not meet review inclusion criteria - meta-analysis

NCT02652949 Intervention does not meet review inclusion criteria - this study only examined the effects of TEVAR
in aortic aneurysms

NCT02678728 Intervention does not meet review inclusion criteria - this study was excluded as it compared
dexmedetomidine to normal saline during thoracic aortic repair

NCT02735720 Study design does not meet review inclusion criteria - observational study

NCT02777528 Intervention does not meet review inclusion criteria does not meet review inclusion criteria - this
study only examined the effects of TEVAR in aortic repair

NCT02777593 Intervention does not meet review inclusion criteria - this study only examined the effects of TEVAR
in aortic repair

NCT02818972 Intervention does not meet review inclusion criteria - this study was excluded as it only examines
TEVAR and does not compare to any other intervention type
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NCT03024554 Intervention does not meet review inclusion criteria - this study was excluded as it only examines
TEVAR repair and does not compare to any other intervention type

NCT03075748 Indication does not meet review inclusion criteria - wrong section of the aorta is being treated and
is not looking at zones 0 to 4

NCT03093857 Study design does not meet review inclusion criteria - observational study of diagnostic tools

NCT03111459 Intervention does not meet review inclusion criteria - this study only examined the effects of TEVAR
in aortic repair

NCT03207568 Intervention does not meet review inclusion criteria - this study only examined the effects of TEVAR
in aortic aneurysms

NCT03208504 Intervention does not meet review inclusion criteria - this study was excluded as it only looked at
TEVAR for aneurysm repair

NCT03214601 Intervention does not meet review inclusion criteria - this study was excluded as it only examines
TEVAR and does not compare to any other intervention type

NCT03414866 Study design does not meet review inclusion criteria - questionnaire

NCT04747626 Excluded due to no comparator

Novikova 2011

Intervention does not meet review inclusion criteria - this study only reports on gut protection. In
addition, wrong outcomes were being assessed

Okita 1996 Study design does not meet review inclusion criteria - retrospective review. No data available from
review author
Patel 2016 Intervention does not meet review inclusion criteria - this study was excluded as it compared

TEVAR devices only

Patterson 2016

Study design does not meet review inclusion criteria - retrospective review of prospectively main-
tained database

Piazza 2016 Indication does not meet review inclusion criteria - this study looked at the effect of endovascular
repair in infra-renal AAAs
Pinto 2017 Study design does not meet review inclusion criteria - systematic review

Preventza 2017

Study design does not meet review inclusion criteria - retrospective review

Radak 2017

Study design does not meet review inclusion criteria - review article

Rahe-Meyer 2013

Study design does not meet review inclusion criteria - drug trial and wrong study outcomes being
assessed

Ramanan 2016

Study design does not meet review inclusion criteria - this study was excluded as it is a retrospec-
tive review and looked at TEVAR devices only

Robinson 2016

Study design does not meet review inclusion criteria - case report

Rodrigues-Pinto 2016

Indication does not meet review inclusion criteria - reports on mycotic aneurysms which are ex-
cluded from this review
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Rousseau 2014

Study design does not meet review inclusion criteria - review paper

Saeyeldin 2017

Study design does not meet review inclusion criteria - review paper

Safi 1994 Different comparator, does not meet review inclusion criteria - retrospective review looking at OSR
in thoracoabdominal aneurysms

Safi 1996 Study design does not meet review inclusion criteria - review paper

Sailer 2016 Study design does not meet review inclusion criteria - retrospective review

Schanzer 2017 Study design does not meet review inclusion criteria - this observational cohort study only exam-
ined the effects of TEVAR in aortic repair in abdominal and thoracoabdominal aneurysms

Schroeder 2009 Indication does not meet review inclusion criteria - this study examined stent grafts in AAAs

Settepani 2016

Study design does not meet review inclusion criteria - retrospective review

Shrestha 2017

Study design does not meet review inclusion criteria - retrospective review

Spear 2016

Intervention does not meet review inclusion criteria - this study only examined the effects of TEVAR
in aortic repair

Svensson 2001

Intervention does not meet review inclusion criteria - the main focus of this study is brain protec-
tion and methods used and they do not report on the surgical interventions

Svensson 2015

Intervention does not meet review inclusion criteria - this randomised trial examined brain protec-
tion during total aortic arch replacement. The authors do not report on the surgical interventions

Tokuda 2016 Study design does not meet review inclusion criteria - retrospective review
Treasure 2016 Study design does not meet review inclusion criteria - commentary review paper
Tsukui 2002 Mixed patient population - combined patients with thoracic aneurysms and dissections. Authors

were contacted to obtain additional information and we received no response

Yoshitake 2017

Study design does not meet review inclusion criteria - retrospective review

AAA: abdominal aortic aneurysm

CCT: controlled clinical trial

HR: hybrid repair

LSA: left subclavian artery

OSR: open surgical repair

RCT: randomised controlled trial

TEVAR: thoracic endovascular aortic repair

ADDITIONAL TABLES

Table 1. What is the comparative effectiveness and safety of hybrid repair versus open surgical repair of thoracic
aortic arch aneurysms?

Hybrid repair versus conventional open repair for thoracic aortic arch aneurysms

Patient or population: patients with a diagnosis of thoracic aortic arch aneurysms
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Table 1. What is the comparative effectiveness and safety of hybrid repair versus open surgical repair of thoracic
aortic arch aneurysms? (continued)
Settings: hospital, elective and emergency

Intervention: hybrid repair

Comparison: conventional open surgical repair

Outcomes Anticipated absolute effects* (95% Cl) Relative No of par- Certainty Comments
effect ticipants of the evi-
Risk with conven- Risk with hybrid (95% Cl) (studies) dence
tional open surgical  repair (GRADE)
repair
Aneurysm related mor- Study population HR N
tality (N)
N per 1000 N per 1000 N
30days
, (NtoN) (NtoN) (NtoN)
Follow-up: median N
Aneurysm related mor-  Study population HR N
tality (N)
N per 1000 N per 1000 N
12 months
, (Nto N) (N to N) (NtoN)
Follow-up: median N
Neurological deficit @ Study population RR N
Follow-up: median N N per 1000 N per 1000 N (NtoN)
(N to N) (N to N)
CardiovasculareventP  Study population RR N
Follow-up: median N N per 1000 N per 1000 N (NtoN)
(Nto N) (Nto N) (NtoN)
Respiratory compro- Study population RR N
mise
_ N per 1000 N per 1000 N (NtoN)
Follow-up: median N
(Nto N) (Nto N) (NtoN)
Graft patency Study population RR N
Follow-up: median N N per 1000 N per 1000 N (NtoN)
(Nto N) (NtoN) (NtoN)
Reintervention Study population RR N
Follow-up: median N N per 1000 N per 1000 N (NtoN)
(Nto N) (Nto N) (NtoN)

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the

relative effect of the intervention (and its 95% Cl).

Cl: confidence interval; HR: hazard ratio; N: number; RR: risk ratio
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Table 1. What is the comparative effectiveness and safety of hybrid repair versus open surgical repair of thoracic
aortic arch aneurysms? (continued)

GRADE Working Group grades of evidence

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the ef-
fect, but there is a possibility that it is substantially different

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the
effect

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the
estimate of effect

aA neurological deficit event includes stroke or paraplegia.

bA cardiovascular event includes myocardial ischaemia or heart failure, or low cardiac output syndrome, or arrhythmia, or pericardial
effusion.

APPENDICES
Appendix 1. Glossary of terms
A

Antegrade cerebral perfusion (ACP) is a cardiopulmonary bypass technique that uses cannulation procedures to supply blood to only
the brain during aortic arch surgical repair.

Aortic arch debranching involves rerouting (debranching) of the aortic arch vessels from the aortic arch using a bypass graft and then an
endograft stent is placed to treat the aortic aneurysm. This procedure does not require cardiopulmonary bypass.

(o

Cardiopulmonary bypass often referred to as the heart-lung machine, is a technique that temporally takes over the function of the heart
and lungs during aortic arch surgical repair. It maintains blood flow circulation and oxygen content within the body.

Comorbidity is defined as a medical condition that co-occurs with another medical condition.
E

Endovascular repair is a less invasive technique to open surgical repair and hybrid repair. It involves a small incision in the groin. The
catheter is used to guide and deliver the stent graft into the aortic arch aneurysm. The device is deployed in to the aorta to seal the aortic
aneurysm from the blood flow.

H

Hemi-arch replacement involves repair or replacement of the proximal arch beyond the level of the brachiocephalic artery although it
does not involve the arch vessels.

Hypothermic circulatory arrest temporarily stops blood flow under extremely cold body temperature to safely allow repair of the aorta
for up to 40 minutes.

R

Retrograde cerebral perfusion (RCP) is a neuroprotective technique carried out through the superior vena cava cannula. It decreases the
risk of brain injury by maintaining blood flow to the brain, providing back washing of toxic metabolites and possible blood clots and or air
bubbles and reduces blood cell microaggregation.

T
Thoracic Aortic Arch Aneurysm (TAA) is a swelling located in the upper portion of the aorta.
References used for glossary:

Ergin 1994; Fraser 2008; Griepp 2013; Hongku 2016; Poon 2016.
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Appendix 2. Database searches

Source Search strategy Hits retrieved
Vascular Register #1 ThAARepair AND INREGISTER 13.2.18-22
#2 thoracic aortic aneurysm AND INREGISTER 11.2.19-1
#3 #1 OR #2 18.2.20-4
22.3.21-2
CENTRAL #1 MESH DESCRIPTOR Aortic Aneurysm 105 13.2.18-111
#2 MESH DESCRIPTOR Aortic Aneurysm, Thoracic EXPLODE ALL TREES 59 11.2.19-29

#3 MESH DESCRIPTOR Aorta, Thoracic EXPLODE ALL TREES WITH QUALIFIERS 18.2.20-75

Su 42

#4 (aortic arch):TI,AB,KY 229

#5 TAA:TILAB,KY 172

#6 #1 OR #2 OR #3 OR #4 OR #5 565
#7 hybrid:TI,AB,KY 1839

#8 debranch*:TI,AB,KY 4

#9 supraaortic:TI,AB,KY 10

#10 rerouting:TI,AB,KY 7

22.3.21-28

#11 MESH DESCRIPTOR Endovascular Procedures EXPLODE ALL TREES 7282

#12 MESH DESCRIPTOR Stents EXPLODE ALL TREES 3650

#13 MESH DESCRIPTOR Blood Vessel Prosthesis EXPLODE ALL TREES 429

#14 MESH DESCRIPTOR Blood Vessel Prosthesis Implantation EXPLODE ALL

TREES 431

#15 endovasc*:TI,AB,KY 2174

#16 endostent™:TI,AB,KY 1

#17 endoluminal:TI,AB,KY 151

#18 endoprosthe™:TI,AB,KY 281
#19 (graft or endograft*):TI,AB,KY 16587
#20 percutaneous™:TI,AB,KY 12621
#21 stent*:TI,AB,KY 9578

#22 TEVAR:TI,AB,KY 43

#23 branched:TI,AB,KY 802

#24 fenestrated:TI,AB,KY 58

#25 (elephant trunk):TL,AB,KY 5

#26 (landing zone):TI,AB,KY 18
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(Continued)

#27 #7 OR#8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR
#17 OR#18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 40044

#28 #6 AND #27 111

Clinicaltrials.gov thoracic aortic aneurysm 13.2.18-99
11.2.19-15
18.2.20-18

22.3.21-24

ICTRP Search Portal thoracic aortic aneurysm AND 13.2.18-130
stent OR stents OR TEVAR OR graft OR grafts OR Blood Vessel Prosthesis 11.2.19-11
18.2.20-3

22.3.21-1

MEDLINE 1 Aortic Aneurysm/ 20264 13.2.18-131
2 exp Aortic Aneurysm, Thoracic/ 10598 11.2.19-92
3 Aorta, Thoracic/su [Surgery] 8001 18.2.20- 145
4 aortic arch.ti,ab. 14628 22.3.21-202
5 TAA.ti,ab. 4513
6 or/1-5 49561
7 hybrid.ti,ab. 130652
8 debranch*.ti,ab. 1387
9 supraaortic.ti,ab. 372
10 rerouting.ti,ab. 827
11 exp Endovascular Procedures/ 104033
12 exp STENTS/ 67082
13 exp Blood Vessel Prosthesis/ 27086
14 exp Blood Vessel Prosthesis Implantation/ 20234
15 endovasc*.ti,ab. 39997
16 endostent*.ti,ab. 33
17 endoluminal.ti,ab. 3991
18 endoprosthe*.ti,ab. 6517
19 (graft or endograft*).ti,ab. 197594
20 percutaneous*.ti,ab. 125821
21 stent*.ti,ab. 85999
22 TEVAR.ti,ab. 1179

23 branched.ti,ab. 30902
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(Continued)

24 fenestrated.ti,ab. 3403

25 elephant trunk.ti,ab. 726

26 landing zone.ti,ab. 572

27 or/7-26 630362

28 6 and 27 15697

29 randomized controlled trial.pt. 453387
30 controlled clinical trial.pt. 92150

31 randomized.ab. 402555

32 placebo.ab. 186351

33 drug therapy.fs. 1991172

34 randomly.ab. 284804

35 trial.ab. 417887

36 groups.ab. 1762137

37 0r/29-36 4136794

38 exp animals/ not humans.sh. 4424200
3937 not 383573765

4028 and 39 1327

41 (2018* or 2017*).ed. 1018622

4240and 41131

EMBASE 1 Aortic Aneurysm/ 981 13.2.18-137
2 exp Aortic Aneurysm, Thoracic/ 5994 11.2.19-177
3 Aorta, Thoracic/su [Surgery] 783 18.2.20-231
4 aortic arch.ti,ab. 14475 22.3.21-221
5 TAA.ti,ab. 5091
6 or/1-5 25382
7 hybrid.ti,ab. 108960
8 debranch*.ti,ab. 1421
9 supraaortic.ti,ab. 433
10 rerouting.ti,ab. 853
11 exp Endovascular Procedures/ 29107
12 exp STENTS/ 142449
13 exp Blood Vessel Prosthesis/ 6107
14 exp Blood Vessel Prosthesis Implantation/ 78407

15 endovasc*.ti,ab. 56572
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(Continued)

16 endostent™.ti,ab. 46

17 endoluminal.ti,ab. 4970

18 endoprosthe™.ti,ab. 4774

19 (graft or endograft*).ti,ab. 219768
20 percutaneous™.ti,ab. 153902

21 stent*.ti,ab. 133734

22 TEVAR.ti,ab. 1839

23 branched.ti,ab. 26170

24 fenestrated.ti,ab. 3187

25 elephant trunk.ti,ab. 817

26 landing zone.ti,ab. 943

27 or/7-26 694931

28 randomized controlled trial/ 438541
29 controlled clinical trial/ 408648

30 random§.ti,ab. 1127633

31 randomization/ 68530

32 intermethod comparison/ 219639
33 placebo.ti,ab. 215167

34 (compare or compared or comparison).ti. 325074

35 ((evaluated or evaluate or evaluating or assessed or assess) and (compare
or compared or comparing or comparison)).ab. 1555721

36 (open adj label).ti,ab. 60358

37 ((double or single or doubly or singly) adj (blind or blinded or blindly)).ti,ab.

153580

38 double blind procedure/ 119348

39 parallel group$1.ti,ab. 18874

40 (crossover or cross over).ti,ab. 69979

41 ((assign$ or match or matched or allocation) adj5 (alternate or group$1 or
intervention$1 or patient$1 or subject$1 or participant$1)).ti,ab. 240522

42 (assigned or allocated).ti,ab. 281106

43 (controlled adj7 (study or design or trial)).ti,ab. 252378
44 (volunteer or volunteers).ti,ab. 167706

45 trial.ti. 206079

46 or/28-45 3359024

47 6 and 27 and 46 804

48 (2018* or 2017*).dc. 1995415
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49 47 and 48 137
CINAHL S35 526 AND S33 AND S34 13 13.2.18-13

S34EM 2017 OR EM 2018 258,997 11.2.19-19

S$33 527 OR S28 OR S29 OR S30 OR S31 OR S32 971,700 18.2.20-22

S32 TX randomly 42,638 22.3.21-53

S31 TX "treatment as usual" 741
S30 TX "double-blind*" 770,445
$29 TX "single-blind*" 8,798
S28 TX trial 242,668

S27 MH "Clinical Trials" 92,660
$26 S6 AND S25 992

S$25S70OR S8 ORS9 ORS100ORS11 ORS12 ORS13 ORS14 ORS150R S16 OR
S170OR S18 ORS19 OR S20 OR S21 OR S22 OR S23 OR $24 51,817

S24 TX landing zone 70

S23 TX elephant trunk 54

S22 TX fenestrated 174

S21 TX branched 540

S20 TXTEVAR 113

$19 TX stent* 13,030

S18 TX percutaneous* 19,300

S17 TX (graft or endograft*) 17,854
S16 TX endoprosthe* 410

S15 TX endoluminal 323

S14 TX endostent™* 2

S13 TX endovasc* 4,629

S12 (MH "Blood Vessel Prosthesis") 1,005
S11 (MH "Stents+") 9,881

S10 TX rerouting 42

S9 TX supraaortic 5

S8 TX debranch* 28

S7 TX hybrid 3,623

S6 (S1 ORS2 OR S3 OR S4 OR S5) 3,426
S5 TXTAA 234

S4 TX aortic arch 838
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S3 (MH "Aorta, Thoracic") 1,241
S2 (MH "Aortic Aneurysm, Thoracic") 780

S1 (MH "Aortic Aneurysm" 1,002

AMED

1 exp Aortic aneurysm/

2 aortic arch.ti,ab.

3 TAAti,ab.

4 hybrid.ti,ab.

5 debranch*.ti,ab.

6 supraaortic.ti,ab.

7 rerouting.ti,ab.

8 exp Stents/

9 endovasc*.ti,ab.

10 endostent™.ti,ab.

11 endoluminal.ti,ab.

12 endoprosthe*.ti,ab.

13 (graft or endograft*).ti,ab.
14 percutaneous*.ti,ab.
15 stent™*.ti,ab.

16 TEVAR.ti,ab.

17 branched.ti,ab.

18 fenestrated.ti,ab.

19 elephant trunk.ti,ab.
20 landing zone.ti,ab.

21 o0r/1-3

22 or/4-20

2321 and 22

24 exp CLINICAL TRIALS/
25 RANDOM ALLOCATION/
26 DOUBLE BLIND METHOD/
27 Clinical trial.pt.

28 (clinic* adj trial*).tw.

29 ((singl* or doubl* or trebl* or tripl*) adj (blind* or mask*)).tw.

30 PLACEBOS/

31 placebo*.tw.

13.2.18-3

11.2.19-0

18.2.20-0

22.3.21-0
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32 random™.tw.
33 PROSPECTIVE STUDIES/
34 0r/24-33
3523 and 34
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

We updated the subgroups: associated aortic valve repair was changed to previous aortic valve repair and subgroup for intensive care
unit stay was changed to ICU length of stay (HR versus OSR), as all cases whether they are treated with HR or OSR, will require ICU stay
postoperatively.

NOTES

Parts of the Methods section of this review are based on a standard template established by the Cochrane Vascular Group and based on
a template developed by our group.

INDEX TERMS
Medical Subject Headings (MeSH)
Aortic Aneurysm, Thoracic [*surgery]; *Negative Results

MeSH check words

Humans
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