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ABSTRACT

Background

Aortic valve disease is a common condition easily treatable with cardiac surgery. This is conventionally performed by opening the sternum
('median sternotomy') and replacing the valve under cardiopulmonary bypass. Median sternotomy is well tolerated, but as less invasive
options become available, the efficacy of limited incisions has been called into question. In particular, the effects of reducing the visibility
and surgical access have raised safety concerns with regard to the placement of cannulae, venting of the heart, epicardial wire placement,
and de-airing of the heart at the end of the procedure. These difficulties may increase operating times, affecting outcome. The benefits of
smaller incisions are thought to include decreased pain; improved respiratory mechanics; reductions in wound infections, bleeding, and
need for transfusion; shorter intensive care stay; better cosmesis; and a quicker return to normal activity. This is an update of a Cochrane
review first published in 2017, with seven new studies.

Objectives

To assess the effects of minimally invasive aortic valve replacement via a limited sternotomy versus conventional aortic valve replacement
via median sternotomy in people with aortic valve disease requiring surgical replacement.

Search methods

We performed searches of CENTRAL, MEDLINE and Embase from inception to August 2021, with no language limitations. We also searched
two clinical trials registries and manufacturers' websites. We reviewed references of primary studies to identify any further studies of
relevance.

Selection criteria

We included randomised controlled trials comparing aortic valve replacement via a median sternotomy versus aortic valve replacement
via a limited sternotomy. We excluded trials that performed other minimally invasive incisions such as mini-thoracotomies, port access,
transapical, transfemoral or robotic procedures. Although some well-conducted prospective and retrospective case-control and cohort
studies exist, these were not included in this review.

Data collection and analysis

Two review authors independently assessed trial papers to extract data, assess quality, and identify risk of bias. A third review author
provided arbitration where required. We determined the certainty of evidence using the GRADE methodology and summarised results of
patient-relevant outcomes in a summary of findings table.

Limited versus full sternotomy for aortic valve replacement (Review) 1
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Main results

The review included 14 trials with 1395 participants. Most studies had at least two domains at high risk of bias. We analysed 14 outcomes
investigating the effects of minimally invasive limited upper hemi-sternotomy on aortic valve replacement as compared to surgery
performed via full median sternotomy.

Upper hemi-sternotomy may have little to no effect on mortality versus full median sternotomy (risk ratio (RR) 0.93, 95% confidence interval
(CI) 0.45 to 1.94; 10 studies, 985 participants; low-certainty evidence). Upper hemi-sternotomy for aortic valve replacement may increase
cardiopulmonary bypass time slightly, although the evidence is very uncertain (mean difference (MD) 10.63 minutes, 95% CI 3.39 to 17.88;
10 studies, 1043 participants; very low-certainty evidence) and may increase aortic cross-clamp time slightly (MD 6.07 minutes, 95% ClI
0.79 to 11.35; 12 studies, 1235 participants; very low-certainty evidence), although the evidence is very uncertain. Most studies had at least
two domains at high risk of bias.

Postoperative blood loss was probably lower in the upper hemi-sternotomy group (MD -153 mL, 95% Cl -246 to -60; 8 studies, 767
participants; moderate-certainty evidence). Low-certainty evidence suggested that there may be no change in pain scores by upper hemi-
sternotomy (standardised mean difference (SMD) -0.19, 95% CI -0.43 to 0.04; 5 studies, 649 participants). Upper hemi-sternotomy may
result in little to no difference in quality of life (MD 0.03 higher, 95% CI 0 to 0.06 higher; 4 studies, 624 participants; low-certainty evidence).
Two studies reporting index admission costs concluded that limited sternotomy may be more costly atindex admission in the UK National
Health Service (MD 1190 GBP more, 95% CI 420 GBP to 1970 GBP, 2 studies, 492 participants; low-certainty evidence).

Authors' conclusions

The evidence was of very low to moderate certainty. Sample sizes were small and underpowered to demonstrate differences in some
outcomes. Clinical heterogeneity was also noted.

Considering these limitations, there may be little to no effect on mortality. Differences in extracorporeal support times are uncertain,
comparing upper hemi-sternotomy to full sternotomy for aortic valve replacement.

Before widespread adoption of the minimally invasive approach can be recommended, there is a need for a well-designed and adequately
powered prospective randomised controlled trial. Such a study would benefit from also performing a robust cost analysis. Growing patient
preference for minimally invasive techniques merits thorough quality of life analyses to be included as end points, as well as quantitative
measures of physiological reserve.

PLAIN LANGUAGE SUMMARY

Heart surgery for aortic valve replacement through a small incision versus the standard full incision at the front of the chest
Key messages

- We did not find enough high-certainty evidence to answer whether the best way to undertake aortic valve replacement was through the
conventional full-size incision in the breastbone or a smaller incision at the top of the breastbone.

- None of the important problems that occur after heart surgery were more common in either group.
What is aortic valve replacement?

Aortic valve replacement is a common operation performed to replace one of the valves of the heart. The reasons for needing this include
valves that do not open properly or do not close properly, which can happen with ageing. People with aortic valve disease can experience
chest pain, breathlessness, collapse or sudden death.

How can aortic valve replacement be performed?

The most common way of performing the operation is by opening the whole length of the breastbone. Another method involves a smaller
'keyhole'-type cut that only divides a small part of the breastbone. Doing it this way makes the scar smaller, but can also make the operation
more challenging because it is more difficult to see and reach the heart. This might make the operation longer and less safe, even though
it looks smaller from the outside.

What did we want to find out?

We wanted to find out if the smaller 'keyhole'-type cut (limited sternotomy) was better than the usual full cut down the breastbone (full
sternotomy) when performing aortic valve replacement surgery in adults. We wanted to see if both were as safe and effective as each other.

What did we do?

Limited versus full sternotomy for aortic valve replacement (Review) 2
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We updated a review that we had previously written on the topic. We searched for studies that compared limited sternotomy with
full sternotomy in adults undergoing aortic valve replacement. We compared and summarised the results of the studies and rated our
confidence in the evidence, based on factors such as the study methods and sizes.

What did we find?

We found 14 studies with 1395 participants from Europe, Russia, and North Africa. There was a mixture of different conditions needing
aortic valve replacement. Most of these people were 60 to 70 years old and approximately half were male. The participants in each group
were similar.

There may be no difference between the groups in the number of people who died as a result of having surgery. If 25 out of every 1000
people who had the full-size cut in their breastbone died after the operation, around 23 (somewhere between 11 and 48) in every 1000
would die using the 'keyhole' operation. Because that range goes from two times less to two times more, it is difficult to say whether the
operation is definitely better or worse.

The amount of time that surgeons needed to use a heart-lung machine to support the heart while doing the 'keyhole' operation may have
been on average around 11 minutes longer - not a large amount. The amount of time that the heart was completely stopped to do the
'keyhole' operation may be six minutes longer on average, though we were not confident in the evidence.

None of the important problems that occur after heart surgery were more common in either group (infections around the heart, irregular
heart rhythms or the need for an urgent reoperation because of bleeding), although again it was uncertain if the evidence was robust
enough. Participants probably bled slightly less after having minimally invasive surgery. In the operation with the smaller cut, the average
blood loss was 153 mL less. There may be no change in pain and quality of life may not have been any different between the two groups.

Limited sternotomy possibly costs more per operation to perform, by about 1190 pounds sterling.
What are the limitations of the evidence?

We were not very confident in the evidence. One of the main problems with the studies was that they were small and may not have picked up
subtle differences between the groups. Because problems after heart surgery are rare, we need to assess lots of people having operations
in order to spot small changes. Another problem is that surgeons tend to have lots of slightly different ways in which they do operations.
There were also differences in practice, meaning that measurements might not have been taken at the same time, in the same way. We
need to be careful about making conclusions about which differences in the groups in this review were due to the smaller incision and
which were due to these other factors.

How up to date is this evidence?

This review updates our previous review. The evidence is up to date to August 2021.

Limited versus full sternotomy for aortic valve replacement (Review) 3
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SUMMARY OF FINDINGS

Summary of findings 1. Summary of findings table - Limited sternotomy compared to full sternotomy for aortic valve replacement

Limited sternotomy compared to full sternotomy for aortic valve replacement

Patient or population: adults undergoing aortic valve replacement
Setting: hospital in-patients
Intervention: limited sternotomy
Comparison: full sternotomy

Outcomes Anticipated absolute effects* (95% Cl) Relative effect = Number of par- Certainty of Comments
(95% Cl) ticipants the evidence
Risk with full ster-  Risk with limited (studies) (GRADE)
notomy sternotomy
Mortality 25 per 1000 23 per 1000 RR0.93 985 ®DOO Limited sternotomy may result in lit-
assessed with: in-hos- (11 to 48) (0.45t0 1.94) (1O RCTs) Lowa;b tle to no difference in mortality.
pital mortality
Cardiopulmonary by- The mean cardiopul-  MD 10.63 minutes - 1043 OO The evidence is very uncertain about
pass time (minutes) monary bypasstime  higher (10 RCTs) Very lowacd the effect of limited sternotomy on
(minutes) was 80 (3.39 higher to 17.88 cardiopulmonary bypass time.
minutes higher)
Aortic cross-clamp The mean aortic MD 6.07 minutes - 1235 IoloC] The evidence is very uncertain about
time (minutes) cross-clamp time higher (12 RCTs) Very lowa,c.d the effect of limited sternotomy on
(minutes) was ~50 (0.79 higher to 11.35 aortic cross-clamp time.
minutes higher)
Postoperative blood The mean postoper- ~ MD 153.04 mL lower - 767 Tl I0) Limited sternotomy likely reduces
loss (mL) ative blood loss (mL)  (245.96 lower to 60.12 (8 RCTs) Moderate® postoperative blood loss slightly.
was ~400 mL lower)
Pain scores, measured - SMDO.19 lower - 649 SPOO Limited sternotomy may result in lit-
in various ways at (0.43 lower to 0.04 (5RCTs) Lowef,g tle to no difference in pain scores.
a median of 2 days' higher)
follow-up (range: 12
hours to 3 months)
Quality of life, mea- The mean quality of MD 0.03 higher - 624 SDOO Limited sternotomy may result in lit-
sured with EQ-5D at life was 0.75 points (0 to 0.06 higher) (4 RCTs) Lowb,f tle to no difference in quality of life.

1to 3 months (higher
scores are better)
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Index admission costs ~ The mean index ad- MD 1190 GBP higher - 492 P00 Limited sternotomy may increase In-
mission cost was (420 higher to 1970 (2 RCTs) Lowhij dex Admission Costs slightly.
8000 GBP higher)

*The risk in the intervention group (and its 95% Cl) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).

Cl: confidence interval; EQ-5D: EuroQoL 5D; GBP: pounds sterling; MD: mean difference; RCT: randomised controlled trial; RR: risk ratio; SMD: standardised mean differ-
ence

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 effect, 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.

aDowngraded for high risk of bias: 50% (or more) of included studies had two or more domains considered high risk of bias.

bDowngraded for imprecision: sample sizes did not meet optimal information size criteria and 95% confidence intervals overlapped no effect. Optimal information size estimated
at 4600 (to determine 1% difference using a 0.05, 3 0.80). The majority of studies had fewer than 100 participants.

cDowngraded twice for inconsistency: differences in surgical technique between studies and, in one study, use of rapid deployment valves in one arm only, created significant
heterogeneity.

dDowngraded for risk of publication bias: indicated by funnel plot asymmetry.

eDowngraded for inconsistency: variations in surgical or anaesthetic management might affect outcome.

fDowngraded for high risk of bias: outcome measure sensitive to lack of blinding in study.

8Not downgraded but note that the different measures of pain across studies required standardised mean differences to synthesise. Cohen's effect size therefore used to interpret
effect (i.e. 0.2 is low, 0.5 moderate and 0.8 a large effect).

hNot downgraded as Hancock 2019 was at low risk of bias in all domains and contributed 85.9% of weight.
iDowngraded for indirectness: UK admission costs only.
iDowngraded for imprecision: sample size did not meet optimal information size criteria.
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BACKGROUND

Aortic valve disease affects approximately 1% of the adult
population in the USA and comprises a range of pathologies,
including senile degeneration and functional regurgitation (Nkomo
2006). Of the 20 million people worldwide estimated to have
rheumatic heart disease (Kumar 2013), aortic valve involvement
accounts for nearly one-third of cases (Manjunath 2014). These
conditions, spanning stenosis or incompetence of the aortic
valve, tend to be progressive, causing angina, breathlessness,
and eventually precipitating heart failure and death. Attempts at
medical management of the conditions underlying aortic valve
disease have not proved fruitful (Coffey 2014; Freeman 2005; Kumar
2013; Scheuble 2005); surgical intervention remains, therefore,
the gold standard in treating the condition. Aortic valve surgery
has evolved significantly since its inception, such that it can be
performed with relatively low mortality; attention is now directed
at reducing morbidity.

Description of the condition

Since the mid-1980s, rheumatic fever, the leading cause of valvular
heart disease, has been on the decline in high-income countries
(Rose 1986). In the rest of the world, rheumatic heart disease
continues to have a high burden of mortality and morbidity
(Carapetis 2005). While it is relatively uncommon in North America
(Dare 1993), rheumatic heart disease still represents 22% of valvular
heart disease in Europe (lung 2014). In industrialised nations,
senile or degenerative aortic disease typified by aortic stenosis
predominates, the incidence of which is increasing in an ageing
population. The prevalence of aortic stenosis rises exponentially
from the age of 50 years, affecting more than 1 in 50 adults over the
age of 75 years (Thaden 2014). Aortic valve disease represents over
half of the valvular heart disease in Europe (lung 2003).

Severe aortic valve disease necessitates surgical intervention for
symptomatic relief or prognostic benefit, or both. Previously it was
believed that people with severe aortic stenosis maintained a long
asymptomatic period with low risk of death (Ross 1968). However,
even where symptoms are absent, the outlook is poor for people
with severe stenosis; the majority will develop symptoms within
five years (Pellikka 2005), and event-free survival is as low as 21%
at two years (Otto 1997). In the SEAS (Simvastatin and Ezetimibe in
Aortic Stenosis) study from 2001 to 2004, even people with mild or
moderate aortic stenosis, 10% and 38%, respectively, progressed
to surgically significant disease within five years (Gohlke-Barwolf
2013). It is thought that the burden of valvular heart disease will
continue to increase and that indications for surgery will become
broader; at present half of diagnoses of aortic stenosis are made
postmortem (d'Arcy 2011).

Description of the intervention

The first total aortic valve replacement was performed in 1958 in
a person in whom an attempt at repair caused disintegration of
the cusps (Lillehei 1962). In the intervening half-century, aortic
valve repair has grown less common, with replacement with
tissue or mechanical prosthetic valves now representing 99% of
surgical management of aortic valve disease in the Euro Heart
Survey (lung 2003). It is the second-most common cardiac surgical
procedure in North America (Lee 2011). The prognostic benefit of
this operation has been known for many years (Schwarz 1982), and
since the early 1980s, the mortality from isolated, uncomplicated

aortic valve replacement has dropped more than five-fold to less
than 1% (Carabello 2013). The long-term freedom from serious
complications is similar, even with mechanical valves requiring
warfarinisation (Braunwald 2000).

Worldwide, aortic valve replacement is most commonly performed
via median sternotomy, an incision that extends from the sternal
notch to the xiphisternum and divides the entire sternum
longitudinally.

Rao and Kumar were the first to describe an aortic valve
replacement through a right anterior thoracotomy (Rao 1993).
The group used central cannulation and an oblique aortotomy.
Subsequently, Cosgrove and Sabik used the term "minimally
invasive" to describe an aortic valve procedure via a 10-
cm right anterior thoracotomy, excising the second and
third costal cartilages, and employing femoral cannulation to
establish cardiopulmonary bypass (CPB) (Cosgrove 1996). Various
modifications have since been described, including limited upper
hemi-sternotomy in a J-shape (Liu 1999a), inverted T- or Y-shape
(Cohn 1997), orlazy S (Autschbach 1998). These techniques variably
allow access to cannulate the ascending aortic and right atrium - as
in open surgery - to establish CPB. Due to the limited access, CPB
and aortic cross clamp times may be longer, with theoretical effects
on neurological and renal morbidity. Other modifications to the
open technique may also be necessary, warranting investment in
additional equipment and training (Malaisrie 2014; Walther 2006).

How the intervention might work

Median sternotomy is generally well tolerated due to fixation of the
sternum on closure (Lee 2004), but the disruption can nonetheless
cause pain, affect respiratory dynamics, reduce mobility, and is
thought to necessitate restriction of upper body weight-bearing
(Walther 1999a). Minimally invasive surgery, by virtue of preserving
the integrity of the thoracic cage, aims to improve pain, mobility
and return to normal activities following discharge (Cohn 1997).
These benefits are thought to offset any increase in operative time
as a result of reduced surgical access, and therefore potentially
reduce cost by up to 20% in all but the people at the highest
risk (Cohn 1998). However, these benefits are not guaranteed,
as disruption of the intercostal nerves with some approaches
might paradoxically cause more pain than that associated with
sternotomy (Walther 1999a), and additional port sites or groin
cannulation may offset the cosmetic advantage, quality of life or
satisfaction (Detter 2002a). Where people have any doubt about
the efficacy of a minimally invasive approach, many choose full
sternotomy (Ehrlich 2000).

Why it is important to do this review

Aortic valve replacement via full sternotomy is well tolerated
and demonstrates excellent long-term event-free survival and
quality of life. At present, few cardiac surgeons offer minimally
invasive aortic valve replacement via limited sternotomy as there is
uncertainty whether it offers advantages over conventional aortic
valve replacement and there is clinical equipoise. If equivalence
in key measures of mortality and morbidity, along with evidence
of reduced pain, immobility, length of stay, and overall cost could
be demonstrated, there would be momentum to make minimally
invasive aortic valve replacement the gold standard. This review
sought to evaluate the effect of aortic valve replacement through
limited upper hemi-sternotomy on 30-day mortality, morbidity,
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health-related quality of life, and cost compared with conventional
aortic valve replacement through a full median sternotomy in
people undergoing aortic valve replacement.

At present, there are no guidelines to either recommend or
discourage surgeons from using minimally invasive approaches to
aortic valve surgery. Neither the American guidelines (Nishimura
2017) nor the European guidelines (Baumgartner 2017) on valvular
heart disease make any reference to its use. The Society of Thoracic
Surgeons Aortic Valve Guidelines for Management and Quality
Measures refers to potential and future benefits of minimally
invasive surgery, but makes no specific recommendations
(Svensson 2013). The International Society for Minimally Invasive
Cardiothoracic Surgery has no consensus guidelines on the
subject of minimally invasive aortic valve replacement. As these
approaches have been used for nearly two decades, however, it is
likely that a dearth of strong evidence influences the decision not
to offer recommendations.

Previous meta-analyses have addressed this subject (Brown 2009;
Khoshbin 2011; Murtuza 2008; Phan 2014), and this is an update of
our previous Cochrane review (Kirmani 2017), but the results of two
recent well-known randomised controlled trials (Hancock 2019;
Nair 2019) prompted a contemporary review, including an updated
literature search. In total, seven new studies with 887 additional
participants were identified in this version of the Cochrane review.

OBJECTIVES

To assess the effects of minimally invasive aortic valve replacement
via a limited sternotomy versus conventional aortic valve
replacement via median sternotomy in people with aortic valve
disease requiring surgical replacement.

METHODS

Criteria for considering studies for this review
Types of studies

We included only randomised controlled trials and excluded
cluster-randomised trials. We included studies reported as full text,
those published as abstract only, and unpublished data.

Types of participants

We included adults (aged 18 years or greater) with a diagnosis
of isolated aortic valve disease requiring aortic valve replacement
with no aortovascular intervention (e.g. root replacement or
ascending aortic replacement). Where trials included a subset of
eligible participants, we aimed to obtain the trial data for the
subset of interest from the trialist. If subset data were not available,
we included trials if the number of ineligible participants did not
exceed 10% of the trial population, with a plan to explore the
impact of these with a sensitivity analysis. No characteristics or
comorbidities were excluded.

Types of interventions

We included trials comparing minimally invasive aortic valve
surgery through any form of partial-sternotomy with conventional,
isolated aortic valve surgery via median sternotomy. We did not
consider transapical or transfemoral aortic valve replacement,
or any minimally invasive procedures performed through
thoracotomies, video-assisted thoracoscopic surgery, or other

access not through a partial sternotomy. We considered any
modifications to the surgical technique to facilitate this form of
access, including femoral cannulation, transvenous pacing, and
rapid deployment/sutureless valves.

Types of outcome measures

The following were the outcome measures of interest for this study.
We did not exclude studies that did not report any of the outcomes
of interest, but we did comment on them, in narrative form, in the
Discussion section where the trial authors were unable to provide
unreported data (or the data were in an unusable format).

Primary outcomes

1. Mortality (i.e. all-cause mortality) at 30 days (or in-hospital if not
reported as 30 days)

2. Extracorporeal support times (intraoperative)
a. cardiopulmonary bypass (CPB) (minutes)

b. aortic cross-clamp (minutes)

Secondary outcomes

1. Organ failure requiring support (including respiratory, renal,
gastrointestinal, or multi-organ failure) in hospital.

Length of hospital stay (days)

Postoperative blood loss at 12 hours (mL).

Deep sternal wound infection in hospital.

Pain scores (as measured by visual analogue scale) in hospital.

Quality of life (as measured by EuroQoL 5D (EQ-5D)) or any other
validated scale) at circa 12 weeks

7. Index admission costs

8. Intensive care unit stay (days)

9. Postoperative pulmonary function tests in hospital
10.Re-exploration in hospital

11.Postoperative atrial fibrillation in hospital
12.Postoperative ventilation times

IS

Search methods for identification of studies
Electronic searches

We identified trials through systematic searches of the following
bibliographic databases on 8 August 2021:

1. Cochrane Central Register of Controlled Trials (CENTRAL) (Issue
70f12,2021);

2. Epub Ahead of Print, In-Process & Other Non-Indexed Citations,
MEDLINE Daily, and MEDLINE (Ovid, 1946 to 8 August 2021);

3. Embase (Ovid, 1980 to week 27, 2021).

We adapted the preliminary search strategy for MEDLINE (Ovid)
for use in the other databases (Appendix 1). We applied
the Cochrane sensitivity-maximising randomised controlled trial
filter to MEDLINE (Ovid) and for Embase we applied terms as
recommended in the Cochrane Handbook for Systematic Reviews of
Interventions (Lefebvre 2011).

We also conducted a search of ClinicalTrials.gov
(www.ClinicalTrials.gov), and the World Health Organization (WHO)
International Clinical Trials Registry Platform (ICTRP) Search Portal
(apps.who.int/trialsearch/), on 15 September 2021.
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We searched all databases from their inception and imposed no
restrictions on the language of publication.

Searching other resources

We checked reference lists of all primary studies and review articles
for additional references. We searched relevant manufacturers'
websites for trial information (performed in July 2015 and updated
in January 2021):

1. St Jude Medical (now Abbott: www.cardiovascular.abbott/us/
en/hcp.html);

2. Edwards Lifesciences (www.edwards.com/healthcare-
professionals/products-services/surgical-heart);

3. Medtronic (www.medtronic.com/for-healthcare-professionals/
products-therapies/cardiovascular/index.htm);

4. On-X (www.onxlti.com/);
5. Sorin/LivaNova (www.livanova.com/en-us).

Where the information from initial screening of papers identified
studies with uncertain value for this review, we contacted authors
to gain access to missing data.

Data collection and analysis
Selection of studies

Two review authors (BHK, SGJ) independently screened titles and
abstracts for inclusion of all the potential studies we identified
as a result of the search and coded them as 'retrieve' (eligible
or potentially eligible/unclear) or 'do not retrieve' In case of
disagreement (or conflict of interest as BHK was a co-author on
one screened study), we asked a third review author (SCM or ADM)
to arbitrate. We retrieved the full-text study reports/publication,
and two review authors (BHK, SGJ and/or ADM where BHK was a
co-author on a study paper) independently screened the full text
and identified studies for inclusion, and identified and recorded
reasons for exclusion of the ineligible studies. We resolved any
disagreements through discussion or, if required, by consulting a
third review author (SCM, ADM or EFA). We identified and excluded
duplicates and collated multiple reports of the same study so that
each study, rather than each report, was the unit of interest in the
review. We recorded the selection process in sufficient detail to
complete a PRISMA flow diagram and 'Characteristics of excluded
studies' table.

Data extraction and management

We used a data collection form for study characteristics and
outcome data that had been piloted on at least one study in the
review. Two review authors (BHK, SGJ and/or ADM) extracted study
characteristics from included studies. We extracted the following
study characteristics.

1. Methods: study design, total duration of study, details of any 'run
in' period, number of study centres and location, study setting,
withdrawals, and date of study.

2. Participants: n, mean age, age range, gender, pathophysiology
of aortic disease (stenotic or regurgitant), severity of condition,
EuroSCORE or Society of Thoracic Surgeons score, left
ventricular ejection fraction, prevalence of diabetes, baseline
lung function, smoking history, inclusion criteria, and exclusion
criteria.

3. Interventions: intervention including mode of access and
modifications to cannulation strategy, comparison group, CPB
time, and aortic cross-clamp time.

4. Outcomes: primary and secondary outcomes as specified and
collected, and time points reported.

5. Notes: funding for trial and notable conflicts of interest of trial
authors.

Two review authors (BHK, SGJ and/or ADM) independently
extracted outcome data from included studies. We resolved
any disagreements by consensus or by involving a third review
author (DC, RINNW, SCM, ADM or EFA). One review author (BHK)
transferred data into Review Manager 5 in the original review
(RevMan 2014), and RevMan Web for the review update (RevMan
Web 2022). We double-checked that data were entered correctly
by comparing the data presented in the systematic review with the
study reports. A second review author (SGJ) spot-checked study
characteristics for accuracy against the trial report.

Assessment of risk of bias in included studies

Two review authors (BHK, SGJ and/or ADM) independently
assessed risk of bias for each study using the Cochrane RoB
1 tool and the criteria outlined in the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2017). Where one study
included co-authors who were also involved in this Cochrane
review (Hancock 2019, BHK and EFA), these review authors did not
participate in the data extraction or risk of bias assessments and
these were undertaken by another author (ADM). We resolved any
disagreements by discussion or by involving another review author
(SCM). We assessed the risk of bias according to the following
domains.

Random sequence generation.
Allocation concealment.

Blinding of participants and personnel.
Blinding of outcome assessment.
Incomplete outcome data.

Selective outcome reporting.

Other bias (e.g. small-study bias).

No ok wDdhE

We graded each potential source of bias as high, low, or unclear
risk of bias and provided a quote from the study report together
with a justification for our judgement in the risk of bias table.
We summarised the risk of bias judgements across different
studies for each of the domains listed. Where there were different
risks of bias from blinding, depending on outcome, within a
study (e.g. pain scores are subjective and considered at risk
from non-blinding, whereas estimated blood loss is objective
and unlikely to be affected by non-blinding), we differentiated
between risks of bias from blinding of outcome assessment for
objective and subjective outcomes in the risk of bias tables.
Mortality, postoperative blood loss, deep sternal wound infection,
re-exploration, and postoperative atrial fibrillation rates were
considered objective and independent of blinding as these were
less easily influenced by participant or assessor. Cardiopulmonary
bypass times, aortic cross clamp times, length of hospital stay,
pain scores, quality of life, intensive care unit stays, postoperative
lung function tests, postoperative ventilation time and costs were
considered prone to bias if the participant or assessor knew the
treatment arm. For example, a surgeon might perceive a limited
sternotomy as technically challenging and spend longer in the
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procedure for this reason. Similarly, assessments for extubation,
discharge from the intensive care unit or hospital discharge might
be influenced by participant or staff perceptions about the speed
of recovery with minimally invasive methods. Pain, quality of life
and respiratory effort, affecting lung function tests, might also be
skewed by participant perceptions of the size of their incision.
Where information on risk of bias related to unpublished data or
correspondence with a trialist, we noted this in the risk of bias
table. Industry funding was considered a risk of bias in the original
Cochrane review (Kirmani 2017) but, following further guidance
from Cochrane, this was removed for this update.

When considering treatment effects, we took into account the risk
of bias for the studies that contributed to that outcome.

Measures of treatment effect

We analysed dichotomous data as risk ratios (RR) with 95%
confidence intervals (Cl). The reason we chose RRs in preference
to odds ratios was because they are considered easier to interpret
(Higgins 2020), and uniformly presenting data with a consistent
presentation would allow simpler comparison of effects on
complications or risks of surgery. We analysed continuous data as
mean difference (MD) (or standardised mean difference (SMD) if
different scales were used for measurement of the same outcome
measure) with 95% Cls. We considered, in particular, the challenges
in interpretation of SMD and considered the Cochrane Handbook
for Systematic Reviews of Interventions guidance (Section 15.5;
Higgins 2020) on alternatives. In the absence of familiar measures,
options for dichotomisation, large effects, or strong evidence for
minimal important differences, we presented SMD. To interpret
the estimate of effect, we used Cohen's Effect Size for SMD,
where 0.2 was a small effect size, 0.5 a moderate effect and
0.8 a large effect (Cochrane Handbook for Systematic Reviews of
Interventions Section 15.5.3.1; Higgins 2020). We entered data
presented as a scale with a consistent direction of effect. Where the
standardised mean difference was used as a measure of an effect,
the trial population and standard deviation of each different scale
of measure were assessed for clinical correlation and variations
reported.

We narratively described skewed data reported as medians and
interquartile ranges (IQR).

Unit of analysis issues

Outcome reporting at multiple time points was dealt with by
considering data reported at the time point most frequently
reported. Where required, we chose time points that were
comparable between studies and then made an assessment as to
which time point was of the greatest clinicalimportance. We did not
anticipate any other unit of analysis issues as we expected all trials
to be parallel design.

Dealing with missing data

We contacted investigators or study sponsors to verify key study
characteristics and to obtain missing numerical outcome data
where possible (e.g. when a study was identified as abstract only).
Where this was not possible, and the missing data were thought to
introduce serious bias, we explored the impact of including such
studies in the overall assessment of results through a sensitivity
analysis.

Assessment of heterogeneity

We used visual assessment of the study data, supplemented by
use of the 2 statistic to measure heterogeneity among the trials
in each analysis. Where we identified substantial heterogeneity
(widely distributed study findings or an 12 greater than 50%, or
both), we reported it and explored possible causes.

Assessment of reporting biases

Where we were able to pool more than 10 trials, we planned to
create and examine a funnel plot to explore possible small-study
biases for the primary outcomes.

Data synthesis

We undertook meta-analysis only where this was meaningful: that
is, if we considered the treatments, participants, and the underlying
clinical question to be similar enough for pooling to make sense.

We used a fixed-effect model on the assumption that surgical
techniques for aortic valve replacement were sufficiently
standardised in the key components of the procedure to be
comparable. If there was substantial heterogeneity (either in the
visual inspection of the forest plots, clear heterogeneity from
the study designs or 12 greater than 50%), we used a random-
effects model for pooling, to account for the small but cumulative
differences in surgical technique and aftercare that exist between
surgeons and units.

Subgroup analysis and investigation of heterogeneity

We did not anticipate performing any subgroup analyses.
Sensitivity analysis

We planned to carry out the following sensitivity analysis: only
including studies with a low risk of bias (no domains in the
summary of bias table considered high risk). As only one of the
included studies was at overall low risk of bias, our final sensitivity
analyses were performed by excluding studies evaluated to be at
high risk of bias (more than two domains in the summary of bias
table judged as high risk). We also performed a separate sensitivity
analysis excluding studies where rapid-deployment valves were
utilised.

Summary of findings and assessment of the certainty of the
evidence

We created a summary of findings table for the main comparison
(limited sternotomy versus full sternotomy for aortic valve
replacement) and seven of the most important outcomes:
mortality, extracorporeal support times (cardiopulmonary bypass
time and aortic cross-clamp time), postoperative blood loss,
pain scores, quality of life, and index admission costs. We used
the five GRADE considerations (study limitations, consistency of
effect, imprecision, indirectness, and publication bias) to assess
the certainty of the body of evidence as it related to the
studies which contributed data to the meta-analyses for the
prespecified outcomes, including for outcomes not included in
the final summary of findings table. We used methods and
recommendations described in Chapter 14 of the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2020),
using GRADEpro software. We justified all decisions to downgrade
the certainty of the evidence using footnotes, and we made
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comments to aid readers' understanding of the review where
necessary.

RESULTS

Description of studies
Results of the search

In our original review (Kirmani 2017), we retrieved 203 references
through electronic searching of CENTRAL, MEDLINE, and Embase,

following de-duplication. After review of titles and abstracts, we
screened out 151 references as they were not relevant. From the
remaining 52 references, we excluded 45 studies following full-text
review.

The review update performed in August 2021 identified an
additional 274 references, 244 new references after de-duplication.
Of these, we assessed 17 in full text, of which seven (from 11
references) were relevant to the study question and included in the
full-text review, giving a total of 14 included studies (Figure 1).
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Figure 1. Study flow diagram
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Figure 1. (Continued)

in quantitative
synthesis
(meta-analysis)

We checked the status of 17 trials that were listed as ongoing
in 2017. Ten were not relevant to the current review, one had
been terminated before completion (NCT00221663), one was a
proposed long-term registry (NCT02278666 (SATURNO)), and one
had recently completed but not been published, so it is still listed
as ongoing (NCT02272621), with authors contacted but preferring
to publish their works before inclusion in this meta-analysis. Of
those that were ongoing or completed without any published
results at the time of the original 2017 review, four have since been
published and are included in this version of the review (Dalén
2018; Hancock 2019; Nair 2018; Rodriguez-Caulo 2021). One study
had been identified in conference proceedings, but was excluded
as it had not been prospectively randomised. This review update
identified and included as an ongoing trial one new trial listed as
ongoingin 2021 that has recently been completed but not yet been
published (NCT04012060 (LIAR)). No other additional ongoing trials
were identified for the updated review.

Included studies

Following the search, screening, and exclusion of irrelevant studies,
we identified 14 studies that met the inclusion criteria. These
14 randomised controlled trials represented 1395 participants in
studies of between 40 and 270 participants, performed between
1999 and 2019. The studies were performed in Austria (Machler
1999), Czech Republic (Gofus 2020), Spain (Aris 1999a; Rodriguez-
Caulo 2021), Italy (Bonacchi 2002), Germany (Borger 2015; Dogan
2003), France (Calderon 2009), Egypt (Moustafa 2007), Russia
(Shneider 2020), Sweden (Dalén 2018), Serbia (Vukovic 2019)
and the UK (Hancock 2019; Nair 2018). All were undertaken in
cardiothoracic surgical settings and only one was a multicentre
trial, conducted by 12 surgeons across five German centres (Borger
2015).

Three of the studies reported power calculations (Calderon 2009;
Hancock 2019; Nair 2018), and seven cited the outcome measures a
priori in the methods or published the protocol (Aris 1999a; Borger
2015; Calderon 2009; Dalén 2018; Dogan 2003; Hancock 2019; Nair
2018). All sought institutional ethical approval prior to conduct of
the study.

Participants

All 14 trials included participants undergoing elective, isolated
aortic valve replacement. The majority of studies included
both aortic stenosis and aortic regurgitation pathologies except
one which excluded participants with pure aortic regurgitation
(Borger 2015). Acute pathology of the aortic valve (i.e.
endocarditis), calcified ascending aorta, and other recent
potential confounding comorbidities (e.g. myocardial infarction,
cerebrovascular accident, significant neurological impairment)
were variably described as exclusion criteria, but by definition of

the inclusion criteria, all studies were likely to have excluded such
participants empirically.

Variations in the participant population may have existed as three
studies excluded people with very poor left ventricular ejection
fraction under 25% (Bonacchi 2002; Borger 2015; Moustafa 2007).
Two studies excluded participants with moderate left ventricular
function under 40% to 45% and participants with chronic airway
disease or renal impairment (Calderon 2009; Nair 2018). As
the primary outcome measure in Hancock 2019 was bleeding
following surgery, this trial excluded patients with preoperative
anaemia or coagulopathies. The study from Egypt included a much
younger patient population (Moustafa 2007), presumably with
more rheumatic heart disease than the European studies, which
appear to have older participants with degenerative heart valve
sclerosis.

Interventions

All but one study used reversed L-shaped/J-shaped upper hemi-
sternotomy as the limited sternotomy; one study used a reversed C-
shaped incision according to anatomy (Bonacchi 2002). For clarity,
we will refer to the minimally invasive incision as a limited upper
hemi-sternotomy for the remainder of this review. The surgical
technique remained similar between studies, with all employing
aortic arterial cannulation and either right atrial or femoral venous
cannulation, to institute normothermic or mild hypothermic CPB.
Cross-clamping was exclusively across the ascending aorta and
cardioplegia techniques varied in terms of delivery and type. All
studies used antegrade, both as root and ostial cardioplegia, but
some also gave retrograde cardioplegia for open cases. The choice
of cardioplegia solution included blood and crystalloid (either St
Thomas', del Nido or Bretschneider's solutions).

The choice of prostheses varied across studies. Some studies
used exclusively mechanical valves (Aris 1999a; Moustafa 2007,
although the former had a single participant exception), whilst
others varied the valve choice dependent on participant age. The
valve insertion technique was not stipulated in the majority of
cases (e.g. interrupted, pledgeted, semi-continuous, etc.) except for
one study which compared rapid deployment balloon expandable
stented valves for the mini-sternotomy arm (Borger 2015). Venting
strategies also varied between studies with pulmonary vein,
pulmonary artery, aortic root, or no venting used or described.

Outcomes

Of the primary outcome measures, all studies reported
perioperative mortality (as either in-hospital or 30-day mortality).
Bonacchi 2002 did not provide data for CPB time and Machler 1999
and Gofus 2020 reported this as median with IQR, precluding them
from inclusion in the quantitative analysis. All studies reported
aortic cross-clamp times, but again two studies reported data as

Limited versus full sternotomy for aortic valve replacement (Review)

12

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.


http://clinicaltrials.gov/ct2/show/NCT00221663
https://classic.clinicaltrials.gov/ct2/show/NCT02278666

Trusted evidence.
Informed decisions.
Better health.

+ § Cochrane
é) Library

Cochrane Database of Systematic Reviews

median and ranges (Gofus 2020; M&chler 1999), which we therefore
excluded from meta-analysis. Only one of the studies reported
major adverse outcomes as a composite (Rodriguez-Caulo 2021),
but all reported major complications individually. None of the
studies described long-term follow-up beyond 12 months.

The secondary outcome measures for the meta-analysis were also
variably reported. Studies frequently documented organ failure
requiring support, but not universally in the outcome tables.
All but two studies reported total hospital stay (Borger 2015;
Mdchler 1999), both from Germany where length of stay is not
considered a quality marker. Blood loss was described by several
different methods, which were not universally comparable. Four
studies measured quality of life, all with the EuroQoL 5-D measure
(Borger2015; Hancock 2019; Nair 2018; Rodriguez-Caulo 2021). Two
trials reported a cost analysis (Hancock 2019; Nair 2018), but the
former presented findings as the results of cost-effectiveness per
quality adjusted life-year simulation and was therefore not directly
comparable with the other study. Both showed costs for index
admission. Pulmonary function tests included forced expiratory
volume in one second (FEV;) as a percentage of predicted values
(based on the participant's age, height and weight) in all studies
that reported this outcome.

Two of the studies described their criteria and protocols for
transfusion and discharge from hospital (i.e. time until fit for
discharge if different from time untildischarge) (Hancock 2019; Nair
2018), but no studies indicated protocols for return to theatre or
discharge from the intensive care unit.

This information is summarised in the Characteristics of included
studies tables.

Ongoing studies

Two studies registered on clinicaltrials.org (between them
randomising 260 participants to full median sternotomy or

limited upper hemi-sternotomy) completed recruiting in 2020
(NCT02272621; NCT04012060 (LIAR)). The former had previously
been under the name of a different responsible party with different
primary outcomes and a smaller sample size, but had undergone
substantial changes in design. The named lead for this trial is now
the same as for another, published, study which is included in
this meta-analysis, registered with a separate NCT number (Dalén
2018). The second trial, NCT04012060 (LIAR), was complete and
a manuscript had been submitted for publication, which the lead
author preferred to be the source of data for this review rather than
unpublished or preprint results.

Excluded studies

The Characteristics of excluded studies table effectively
summarises the reasons for excluding the 47 studies not included
in the meta-analysis. Six studies were not randomised, 37 were
observational, and four were not via partial sternotomies (two via
thoracotomy, one port access, and one robotic).

Risk of bias in included studies

The risk of bias is summarised in the risk of bias graph (Figure
2) and risk of bias summary table (Figure 3). We made overall
judgements on the risk of bias per study based on the number of
domains assessed as high risk. Due to the nature of studies on
surgical incisions, nearly all included studies were at high risk of
bias for lack of blinding, but this will have affected the various
outcome measures inconsistently (e.g. pain was likely to have been
highly influenced by lack of blinding whereas deep sternal wound
infection was not). For studies with a high risk of bias related to non-
blinding, we considered them to be at overall high risk of bias and
excluded them from the sensitivity analyses.

Figure 2. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages

across all included studies
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Figure 3. (Continued)
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Allocation

Eight studies used computer-generated random allocation
sequence generation (Aris 1999a; Bonacchi 2002; Calderon 2009;
Gofus 2020; Hancock 2019; Nair 2018; Rodriguez-Caulo 2021;
Vukovic 2019); one used sealed envelopes (Dalén 2018), and the
method was unclear in five studies (Borger 2015; Dogan 2003;
Machler 1999; Moustafa 2007; Shneider 2020).

Three studies achieved allocation concealment by the use of sealed
envelopes opened at the time of surgery (Aris 1999a; Calderon
2009; Moustafa 2007); one used a telephone system concealing
allocation until surgery (Nair 2018), one used a web-based
concealment system (Hancock 2019), and two used independent
staff responsible for allocation concealment (Rodriguez-Caulo
2021; Vukovic 2019). This was unspecified for the other studies.
One study performed surgery the day after randomisation
with allocation by an unspecified random numbering method
(Gofus 2020), and had a statistically significant difference in the
bodyweight of the two randomised groups (76 kg versus 91 kg for
limited versus full sternotomy, respectively).

Blinding

Although blinding of the participants following minimally invasive
surgery has previously been described by the use of standardised
dressings, only one of the trials included here employed participant
blinding and only for the first two days of the study (Hancock
2019). The surgeons were not blinded in any trial, and it
was not clear who the outcome assessors were in most trials.
Bonacchi 2002 employed blinded outcome assessors for pain
score measurements, but not for any of the remaining outcomes.
Nonetheless, for several quantifiable and objective outcome
measures (e.g. postoperative blood loss) there will have been no
effect from non-blinding. We noted that some outcome measures
(noted in Figure 3 as subjective outcome measures) could be
influenced by knowledge of the treatment allocation: patients
might take deeper breaths if they knew they had a smaller scar,
affecting lung function tests; time to discharge from the intensive
care unit or hospital might also be affected by assumptions about
the time to recovery from minimally invasive surgery, etc.

Incomplete outcome data

The majority of studies reported outcomes on all randomised
participants (Aris 1999a; Bonacchi 2002; Calderon 2009; Dogan
2003; Gofus 2020; Méachler 1999; Moustafa 2007; Shneider 2020).
In one study, there were six withdrawals from the study after
randomisation (five in the limited sternotomy and one in the full
sternotomy group), and the data were reported for participants
who underwent treatment as intended (Borger 2015). Three of the
participants in this study were withdrawn because participants
randomised to minimally invasive surgery "eventually received

a conventional valve because of problems with their anatomy".
As such, these participants would have constituted a failure to
proceed with intended surgery because of the intervention and
would contribute to attrition bias. One study reporting outcomes to
12 months had loss to follow-up of 31 patients (Nair 2018), whereas
another study with the same length of follow-up reported on 100%
of participants (Hancock 2019). Rodriguez-Caulo 2021 reported in
their CONSORT diagram that 103 participants were randomised,
but only reported on 94 of those.

Selective reporting

The majority of studies had not widely published a trial protocol
citing their intended outcome measures. Aris 1999a had a protocol
approved by their Departmental Research Committee but did
not register it with an international registry. Two studies did not
describe having a protocol prior to starting the trial and were
not registered on international registries (Bonacchi 2002; Vukovic
2019). Borger 2015 published a protocol (CADENCE-MIS), but did
not report on four prespecified secondary outcome measures
(velocity-timeindex, left ventricular outflow tract diameter, annular
size, or septal thickness). Calderon 2009 had published a protocol
with similar characteristics to the published study (NCT00221663),
but this was updated as "Terminated - due to slow recruitment".
Only one proposed outcome measure from the retracted protocol
was not included (cytokine levels from tracheal aspirates).
The published study described approval from the local ethics
committee. Four studies were approved by the institutional ethics
committees, but the protocols were not published a priori (Dalén
2018; Dogan 2003; Gofus 2020; Shneider 2020), although Dalén 2018
was registered. Machler 1999 did not describe a prestudy protocol,
and Moustafa 2007 stated that their study had received approval
from the protocol research committee at their institution, but did
not have a published protocol in a registry. We considered the
study by Dalén 2018 to be at high risk of selective reporting bias
as the treatment arms of deceased patients were not clear in the
per-protocol analysis. No protocol, flow diagram or sample size
statistics were shown for Shneider 2020. Three studies published
full trial protocols along with the trial registration (Hancock 2019;
Nair 2018; Rodriguez-Caulo 2021).

Whilst specific outcomes may have had variable reporting within
studies, we adopted an approach of assessing selective reporting
bias at a study-level, in accordance with recommendations from
the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2017). We considered which outcome measures for aortic
valve replacement were important and could be reasonably
expected to be reported, and found that all studies had included
information about the most important measures. We did not
downgrade the judgement for the Borger 2015 study on the basis of
the missing variables as we did not consider these to be important
clinical measures.
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Other potential sources of bias

The minor differences in the surgical techniques between studies
were not thought to have contributed a significant risk of bias,
although they may have introduced some explicable heterogeneity.

Within studies, one trial had a significant confounding factor
in the methodology in that the limited upper hemi-sternotomy
group also received rapid deployment balloon-expandable
valves, whereas the full-sternotomy group received conventional
surgically implanted stented prostheses (Borger 2015). This study
was also funded by the manufacturer of the expanding valve.

Four studies did not report detailed demographic differences
between the two groups at baseline (Aris 1999a; Bonacchi 2002;
Calderon 2009; Dogan 2003), and it is unclear if this may have
introduced bias.

We downgraded Dalén 2018 for undertaking a per-protocol
analysis and Vukovic 2019 and Gofus 2020 for not defining a
statistical analysis plan a priori. The study by Nair 2018 was
downgraded for a high rate (12%) of conversion from limited to full
sternotomy, suggesting that the surgeons involved may have been
inexperienced and still learning the procedure.

Effects of interventions

See: Summary of findings 1 Summary of findings table -
Limited sternotomy compared to full sternotomy for aortic valve
replacement

Figure 4. Funnel plot for studies reporting mortality

SE(log[RR])
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Summary of findings 1 provides an overview of the aggregated
results of the studies. In the original review we included all
outcomes, but for this update we were more closely adherent
to the Cochrane Handbook, which encouraged limiting this to
seven outcomes (Higgins 2020). The methodology was still utilised,
however, to provide a GRADE rating for all outcomes before the
summary of findings table was reduced to show only the most
important outcomes.

Primary outcomes
Mortality

Alltrials reported mortality either asin-hospital or 30-day mortality,
but the effect was not estimable for four studies that had zero
events in both arms (Dogan 2003; Gofus 2020; Hancock 2019;
Moustafa 2007). We deemed the evidence to be of low certainty
because of the number of domains at high risk of bias and
the imprecision of results. The overall effect estimate for 873
participants in the remaining 10 studies suggested there may be
no difference between limited and full sternotomy on perioperative
mortality (RR 0.93, 95% CI 0.45 to 1.94; 10 studies, 985 participants;
low-certainty evidence; Analysis 1.1). The 95% confidence intervals,
however, spanned both possible benefit and possible harm, and
the low certainty of evidence would suggest taking a cautious
approach to this important effect estimate. A sensitivity analysis,
removing studies at high risk of bias (Borger 2015; Dalén 2018;
Rodriguez-Caulo 2021; Vukovic 2019), did not change this outcome.
There did not appear to be any evidence of publication bias in the
funnel plot (Figure 4).
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Cardiopulmonary bypass time

Ten studies reported CPB times in formats that could be pooled.
One study did not cite CPB times but noted that there was
no statistically significant difference between the two groups
(Bonacchi2002). Two studies only provided median CPB times, with
IQR, that were assumed to be skewed and therefore not amenable
to meta-analysis (Gofus 2020; Machler 1999).

The remainder of the studies showed significant heterogeneity,
likely to represent the cumulative effects of intraoperative
differences between surgeons, hospitals, and countries. It is
unlikely that this clinical heterogeneity can be corrected for by trial
methodology, and we therefore elected to use a random-effects
model to mitigate these differences to some degree. As CPB time is
such an important surrogate marker of clinical outcome following
cardiac surgery, we chose not to exclude this outcome measure
completely from quantitative meta-analysis, but downgraded the
certainty level of evidence. The overall effect was that there may be
anincrease in the limited sternotomy group, although the evidence

was uncertain and the clinical significance of this difference was
minimal (MD 10.63 minutes, 95% CI 3.39 to 17.88; 12 = 92%; 10
studies, 1043 participants; very low-certainty evidence; Analysis
1.2). Sensitivity analysis performed by exclusion of the study using
rapid-deploymentvalvesin the limited sternotomy arm of the study
did not change the results (Borger 2015). Additionally, excluding
the single study with inexplicably shorter CPB time in the limited
sternotomy arm did not change the findings either (Moustafa 2007).
We downgraded the GRADE rating for high risk of bias. We also
downgraded the GRADE rating twice for inconsistency as aspects of
surgical technique varied between studies, including cannulation
technique and use of rapid deployment valves in one arm of one
study. Additionally, the funnel plot (Figure 5) was asymmetric,
suggesting a non-reporting publication bias in the absence of other
plausible explanations. However, methodological biases in the
form of experienced-operators for limited sternotomy aortic valve
replacement (AVR) and usual-operators for full sternotomy may
have also contributed to this asymmetry.

Figure 5. Funnel plot for studies reporting cardiopulmonary bypass times
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Aortic cross-clamp time

We excluded two studies in the analysis of aortic cross-clamp
times, as data were presented as median and IQR (Gofus 2020;
Machler 1999). The estimate of effect for the remaining studies
suggested there may be a small but probably not clinically
significant benefit in the outcome favouring full sternotomy, but
the evidence was uncertain (MD 6.07 minutes, 95% CI 0.79 to

25 50

11.35; 12 = 94%; 12 studies, 1235 participants; very low-certainty
evidence; Analysis 1.3). Several explanations might exist for the
heterogeneity in these studies. Because of variations in the type
of aortic pathology across studies, some aortic annuli may have
required more extensive decalcification than others. The use of
rapid deployment valves in one arm of one study (when these
devices could be used in either arm) may also have affected the
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clinical heterogeneity (Borger 2015). Borger and colleagues used
Edwards Intuity rapid deployment valves, which do not require
aortic decalcification (unlike some other rapid deployment valves),
and this will also have contributed to the reduction in aortic cross-
clamp time. As with our meta-analysis of CPB times, we felt that
the clinical importance of this measure warranted quantification
with appropriate consideration of reasons for differences across
studies. Sensitivity analysis, removing the study by Borger 2015

that may have been biased by the use of rapid-deployment valves
in the minimally invasive group, did not substantially change the
overall effect. We downgraded the GRADE rating once for high risk
of bias, twice for inconsistency due to high heterogeneity, and
once for possible publication bias. The funnel plot (Figure 6), as
for cardiopulmonary bypass, indicated publication bias with an
asymmetric appearance.

Figure 6. Funnel plot for studies reporting aortic cross clamp time
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Secondary outcomes methodological biases (Moustafa 2007). Hancock 2019 was the

Organ failure requiring support

No studies reported organ failure requiring support.

Length of hospital stay

Ten studies assessed length of hospital stay following aortic valve
replacement via either full or upper hemi-sternotomy. Aris 1999a,
Calderon 2009, Nair 2018 and Dogan 2003 had results that clustered
around the point of equipoise, with Bonacchi 2002 demonstrating
a 95% CI that just fell in favour of surgery via limited hemi-
sternotomy. Length of stay was presented as median and IQR in
Gofus 2020 and therefore excluded from meta-analysis, but was
not different in the two arms. The study from Egypt showed a
much greater advantage of upper hemi-sternotomy, though the
length of stay in the full sternotomy group was substantially higher
than other studies (mean stay more than two weeks), suggesting

only study to show a significant disadvantage to length of stay for
people undergoing limited sternotomy. As the discharge criteria
for institutions can vary and the mean stay in this study was likely
to have been affected by a long-staying outlier, this may explain
the high heterogeneity. The overall estimate of effect favoured
limited sternotomy, but there was significant uncertainty about the
findings (MD -1.09 days, 95% CI -1.90 to -0.28; I2 = 83%; 11 studies,
1141 participants; very low-certainty evidence; Analysis 1.4). We
downgraded the GRADE rating for high risk of bias from non-
blinding, inconsistency in discharge criteria, imprecision from not
meeting Optimal Information Size and indirectness. The funnel plot
(Figure 7) was asymmetric and causes for this may have included
non-reporting biases or methodological issues with studies that
did not prespecify a discharge protocol, producing larger effect
estimates.
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Figure 7. Funnel plot for studies reporting length of hospital stay
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Postoperative blood loss

There was substantial heterogeneity in the results of the studies
that assessed blood loss in the postoperative period, so we
employed a random-effects model. We excluded two studies
reporting this outcome as median and IQR (Dalén 2018; Gofus
2020). We considered the reasons for the heterogeneity and
weighed the benefits of performing a quantitative meta-analysis.
As the total measured blood loss may vary across studies as
a result of the type of drainage tubes, haemostatic protocols,
and postoperative thromboprophylaxis measures employed, we
considered this outcome measure to be at high risk of clinical
heterogeneity across cardiac surgical units. However, minimally
invasive procedures are more susceptible to field flooding with
small amounts of bleeding, and more meticulous haemostasis is
required during dissection, which may have reduced the overall
bleeding in this group. In addition, the use of transpleural drains
in people undergoing upper hemi-sternotomies (due to the sub-
xiphoid site being difficult to reach, depending on the length of the
partial sternotomy) may have allowed some pericardial bleeding to
evacuateinto the pleura, thereby reducing the estimated blood loss
in this group. All but two studies demonstrated an advantage in this
domain for minimally invasive surgery via limited sternotomy and
the cumulative effect was that upper hemi-sternotomy probably
reduces postoperative bleeding (MD -153.04 millilitres, 95% CI
-245.96 to -60.12; 12 = 89%; 8 studies; 767 participants; moderate-
certainty evidence; Analysis 1.5). A sensitivity analysis for this
outcome measure that excluded studies at high risk of bias found
no change in the effect. We downgraded the GRADE rating for

inconsistency due to variations in the surgical or anaesthetic
management between studies.

Deep sternal wound infection

Eight of the studies that reported deep sternal wound infections
had events to allow comparison (Bonacchi2002; Borger 2015; Gofus
2020; Méachler 1999; Nair 2018; Rodriguez-Caulo 2021; Shneider
2020; Vukovic 2019), suggesting that low event rates would lead
to imprecision. The estimate of effect suggested there may be no
differences between full or limited sternotomy (RR 0.75, 95% ClI
0.32 to 1.76; 12 = 51%; 8 studies, 868 participants; low-certainty
evidence; Analysis 1.6), but the wide variation in the effects both
within and between studies implied that these were not powered
to identify a difference. Sensitivity analyses had no effect on the
estimate. We downgraded the GRADE rating for imprecision as the
sample size did not meet optimalinformation size criteria and again
for imprecision as the confidence intervals crossed the line of null
effect and included both appreciable harm and benefit.

Pain scores

We used SMD for this outcome measure in the absence of a unified
mode of measurement and no alternative options to rationalise, as
per the methods section.

Five studies described pain scores between the two groups, and
one study (Gofus 2020) reported pain only within the parameters
of the Short-Form 36 Health Related Quality of Life (SF-36)
questionnaire at three months. We graded the overall certainty of
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the evidence as low because we considered this outcome measure
to be particularly susceptible to non-blinding (i.e. participants
might consider a smaller incision to be less painful) and the
majority of studies did not blind participants, apart from Hancock
2019; in addition, the studies did not define their analgesic
protocols in most cases, and this may have also been a source of
bias. Bonacchi 2002 used self-reported pain scores at one and 12
hours, measured by nurses blinded to the treatment groups. The
data for pain scores at 12 hours were compared here. Participants
experiencing moderate pain were treated with morphine and non-
steroidal anti-inflammatory medications. Calderon 2009 employed
a 40-mm visual analogue scale for pain measurements at two
days postoperatively. All participants were given paracetamol 1
g every six hours and a morphine patient-controlled analgesia
device to deliver 1-mg boluses up to every seven minutes. Non-
steroidal analgesia was added to this regimen if participants
were still in pain. Unlike the other studies that reported pain
levels, participants in this study reported more pain in the limited
sternotomy group than in the full sternotomy group (not reaching
statistical significance), but the analgesia usage was also lower
in the upper hemi-sternotomy group. The effects of non-blinding
may have been responsible for this disparity as participants with
limited upper hemi-sternotomy surgery may have felt that they
should not require as much analgesia and therefore ended up with
higher pain scores. The study by Dogan 2003 also utilised a visual
analogue scale to measure pain on the second postoperative day.
These were repeated on day five but not included for comparison.
Hancock 2019 undertook pain assessments on days 2, 3 and 4 and
again at week 6 and week 12. The day 2 assessments were used for
meta-analysis. There were no differences in pain or analgesia use
between the two groups at any time point. Nair 2018 undertook
daily pain scores for the first 10 days and although the mean scores
were lower in the limited sternotomy group, the 95% confidence
intervals crossed over substantially, with no statistically significant
difference. The day 2 values were used for the meta-analysis.
The overall estimate of effect using a random-effects model for
the heterogenous data suggests there may not be any advantage
to surgery via limited upper hemi-sternotomy, falling below the
Cochrane Handbook suggested threshold for Cohen's effect size of
0.2 for standardised mean difference (SMD -0.19, 95% CI -0.43 to
0.04; 12 = 50%; 5 studies, 649 participants; low-certainty evidence;
Analysis 1.7). Sensitivity analyses had no effect on the estimate.

Quality of life

Five studies examined quality of life using a validated tool, four
of which used EQ-5D (Borger 2015; Hancock 2019; Nair 2018;
Rodriguez-Caulo 2021), and one of which used the SF-36 (Gofus
2020). Because the two measures are not related linearly and
the SF-36 is reported in eight domains which cannot be simply
summated, we did not include the data from Gofus 2020 in the
quantitative meta-analysis. Borger 2015 undertook quality of life
measures at three months following surgery; Hancock 2019 at
baseline, two days, six weeks and 12 weeks; Nair 2018 at multiple
time points, including six weeks and six months; Rodriguez-Caulo
2021 at one, six and 12 months; and Gofus 2020 at 90 days. We
compared the closest time points (six weeks for Nair 2018 and
Hancock 2019, three months for Borger 2015 and one month for
Rodriguez-Caulo 2021). There may be no difference between full
and upper hemi-sternotomy groups (MD 0.03, 95% C1 0.00 to 0.06; |2
=58%; 4 studies, 624 participants; low-certainty evidence; Analysis
1.8). Only Rodriguez-Caulo 2021 had been powered specifically to

report a 'minimal important difference' in quality of life between
the two groups of 0.10, but both other studies had the same or
a larger sample size. The findings of the study by Gofus 2020
correlated with the synthesis of the other data, suggesting no
difference at 90 days in any measures of health-related quality of
life. We downgraded the GRADE rating for imprecision due to the
small sample sizes and for the high risk of bias in this outcome from
non-blinding.

Index admission costs

Two studies reported economic analyses (Hancock 2019; Nair
2018), both from the UK: Nair 2018 reported absolute costs in
hospital and at 12 months; Hancock 2019 provided additional
unpublished data on costs in hospital and at 12 weeks. We therefore
used thein-hospital costs of these two studies for the data synthesis
and demonstrated that there may be higher index admission costs
for limited sternotomy compared to full sternotomy (MD 1190 GBP,
95% Cl 420 GBP to 1970 GBP; 12 = 0%; 2 studies; 492 participants;
low-certainty of evidence). Hancock's published results included
a health-economics analysis as a simulated model to assess cost-
effectiveness per quality adjusted life year (QALY). This was not
comparable in a meta-analysis but indicated that although cost
and quality of life were no different between the two groups, in
a bivariate analysis, conventional full sternotomy was more cost-
effective per QALY. There was only a 5.8% probability of limited
sternotomy being cost-effective at a willingness to pay threshold of
20,000 GBP per QALY. At this threshold, Nair 2018 estimated a 3.7%
probability of cost-effectiveness. At a willingness to pay threshold
of 30,000 GBP per QALY, the probability was 5.1%. Both these
studies therefore concluded that limited sternotomy for aortic
valve replacement in the UK National Health Service was not cost-
effective. We downgraded the GRADE rating for indirectness as both
studies showed only UK admission costs and for imprecision as the
sample sizes did not meet optimal information size criteria.

Intensive care unit stay

Ten papers described intensive care stay; Dalén 2018 reported
median and IQR and was therefore excluded, and Calderon 2009
reported one standard deviation of zero, making it inestimable
for synthesis. Therefore, the analysis was only based on the
remaining eight studies. There was no difference in the effect
estimate, but the evidence for this was very uncertain (MD -0.22
days, 95% Cl -0.58 to 0.15; I* = 83%; 9 studies, 624 participants;
very low-certainty evidence; Analysis 1.10). Lack of blinding was
thought to have a greater influence on intensive care length of stay
than some other outcome measures: trial participants undergoing
limited sternotomy were likely to have been promoted for discharge
from the critical care area in order to facilitate their mobilisation
and recovery. In addition, clinical heterogeneity will have been
influenced by the differing practices of monitoring and discharge
from intensive care across surgical departments, and the sample
sizes required to identify a difference in time to discharge were
not met. We downgraded the GRADE rating for risk of bias from
non-blinding, inconsistency in discharge criteria and imprecision.
Prespecified sensitivity analysis that removed studies at high risk
of bias changed the effect estimate to a possible small benefit from
limited sternotomy (MD -0.45, 95% CI -0.84 to -0.06; 5 studies, 490
participants).
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Postoperative pulmonary function tests

Four studies assessed the effects of aortic valve replacement
through limited upper hemi-sternotomy on lung function, although
FEV; (either as an absolute measurement or as a percentage of
predicted) was the only common parameter assessed in all of
them. As lung function tests are height and weight dependent,
we excluded studies that provided only absolute measurements
(i.e. not indexed against nomograms for body measurements as a
percentage of the predicted lung function). Aris 1999a performed
lung function tests preoperatively and again at discharge, finding a
statistically significant drop in lung function following surgery, but
no difference in the drop between full and upper hemi-sternotomy
groups. Bonacchi 2002 performed lung function tests at five days
postoperatively and again at one to two months. The figures
for the fifth postoperative day were included in this comparison.
Baseline reference pulmonary function tests were not described.
The study by Calderon 2009 included preoperative baseline lung
function tests and again at 24 hours, 48 hours, and seven days
postoperatively. We used the data for day seven in the analysis.
Moustafa 2007 also performed lung function tests at baseline
(preoperative), one week, and one month. The data were not clearly
annotated; we assumed the variability was the standard error
(rather than standard deviation) due to the small differences and
converted it accordingly. We used the figures for FEV; at one week
in the analysis. Gofus 2020 undertook pulmonary function tests at
baseline, day 7 and day 90, finding FEV;, FEV;/FVC ratio, and FEV1/
VC were all still worse in the full median sternotomy groups at day
90. We used the day 7 values in the analysis.

Despite the differences in time of measurement, there was
relatively little heterogeneity in the studies included, and
the overall effect was that there may be a small but not

clinically significant increase in FEV; postoperatively in participants
undergoing upper hemi-sternotomy compared to full sternotomy
(MD 2.08, 95% Cl 0.74 to 3.41; I* = 20%; 5 studies, 297 participants;
low-certainty evidence; Analysis 1.11). Data from Nair 2018 was
presented as absolute lung volumes rather than as percentage
of predicted values, and was therefore not included in the meta-
analysis, but demonstrated a reduction in FEV; at discharge in both
groups with a return to baseline at six weeks in both arms. Similarly,
data from Hancock 2019 was presented as absolute values and
showed a significant drop in FEV; immediately postoperatively,
improving (although not quite to baseline) at six weeks, with
a better improvement in the limited sternotomy group. We
downgraded the GRADE rating due to inconsistency in time point
of measurement, baseline starting values and risk of bias from non-
blinding. Sensitivity analysis had no effect on the estimates.

Re-exploration

All studies described re-exploration for bleeding, although one had
no eventsin either group and the effect was therefore not estimable
in the analysis (Aris 1999a). The confidence intervals for each of
the studies crossed over the line of no effect; therefore, the net
effect was of no difference between full and limited upper hemi-
sternotomy (RR 0.82, 95% CI 0.50 to 1.33; I2 = 0%; 13 studies, 1355
participants; very low-certainty evidence; Analysis 1.12), although
the 95% confidence intervalincluded possible benefit and possible
harm. The effects of a sensitivity analysis (removing the studies at
high risk of bias) did not change this outcome. We downgraded the
GRADE rating once for high risk of bias and twice for imprecision:
once for not meeting the optimal information size criteria and
again as the confidence intervals crossed the line of null effect
including both appreciable harm and benefit. A funnel plot showed
no evidence of publication non-reporting bias (Figure 8).
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Figure 8. Funnel plot for studies reporting re-exploration
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Postoperative atrial fibrillation

Nine studies included data on rates of postoperative atrial
fibrillation. Management of atrial fibrillation varies considerably
from surgeon to surgeon, with some adopting a prophylactic
approach, most treating at onset, and pharmacological options
for treatment being quite wide. Despite this, there was low
heterogeneity and only one study had a markedly different
outcome to the other studies (Machler 1999), which appeared to be
a reporting bias due to the remarkably low rate of events (which
are normally expected in around a third of patients), but this did
not affect the outcomes in a sensitivity analysis. There may be
little to no difference in atrial fibrillation by minimally invasive
aortic valve replacement through limited hemi-sternotomy (RR
1.12,95% C1 0.84 to 1.51; I* = 36%; 9 studies, 1012 participants; low-
certainty evidence; Analysis 1.13). A sensitivity analysis made no
change to this overall effect. We downgraded the GRADE rating for
inconsistency in management of arrhythmia prophylaxis between
centres and again for imprecision as the confidence intervals
crossed the line of null effect, including both appreciable harm and
benefit.

Postoperative ventilation time

All but one study (Borger 2015) reported the length of invasive
ventilation postoperatively. The studies by Dalén 2018, Gofus 2020
and Machler 1999 presented this as median and IQR, and we
did not include them in the quantitative comparison. Dalén 2018
and Gofus 2020 found no difference in ventilation time. Machler
1999 found a statistically significant reduction in postoperative

ventilation time in limited compared to full sternotomy (median 7
hours (IQR 5.3 to 11) with limited versus 10 hours (IQR 8.5 to 12)
with full; P < 0.0001). The data from the remaining studies were
highly heterogeneous and this is likely to have been due to clinical
differences in extubation protocols between units. Only one study
described their criteria for extubation (Bonacchi 2002).

The overall estimate of effect was that limited sternotomy may have
little to no reduction in postoperative ventilation time, although
the 95% confidence interval spanned a reduction and an increase
and the evidence was low-certainty (MD -0.53 hours, 95% CI -2.30 to
1.24; 1> = 96%; 9 studies, 989 participants; low-certainty evidence;
Analysis 1.14). Making the assumption that the studies that had
presented data as median and IQRs were doing so for normally
distributed data and making an approximated conversion did not
change the overall effect (Section 6.5.2.9, Cochrane Handbook for
Systematic Reviews of Interventions; Higgins 2020). The prespecified
sensitivity analysis had no effect.

DISCUSSION

Summary of main results

This systematic review assessed the effects of full versus limited
sternotomy on mortality, CPB time, aortic cross-clamp time, length
of hospital and intensive care unit stay, postoperative blood loss,
deep sternal wound infection, pain scores, index admission costs,
quality of life measures, pulmonary function tests, re-exploration
for bleeding, postoperative atrial fibrillation, and ventilation times.
We found 14 randomised controlled trials with 1395 participants

Limited versus full sternotomy for aortic valve replacement (Review)

22

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

that answered the study question. Evidence was generally of very
low to moderate certainty. The high risks of bias associated with
the inherent difficulties of blinding surgical access, relatively small
study sizes (with corresponding failure to meet optimalinformation
size criteria), and clinically heterogeneous populations were the
main reasons for downgrading the certainty of evidence.

All the identified studies used upper hemi-sternotomy as the
mode of limited sternotomy. Meta-analysis found there may be
no survival benefit, or increase in risk, with minimally invasive
surgery via limited upper hemi-sternotomy, although the 95%
confidence interval spanned risk and benefit. This correlates with
other literature (Phan 2014). The wide confidence intervals of the
studies, including null events in some of the studies, indicate that
few of these studies were powered to demonstrate differences in
perioperative mortality; the aggregate sample size did not cross the
optimal information size criteria either.

There is very uncertain evidence that there may have been small
treatment effects for extracorporeal support and ischaemic times
between the two groups: amounting to a mean difference of
possibly around 11 minutes more on cardiopulmonary bypass and
six minutes more with the cross-clamp with limited sternotomy.
These would be unlikely to have any clinical impact. In our
initial 2017 review we noted that "the oldest study showed the
largest difference between full and minimally invasive surgery
with a significant disadvantage to performing limited sternotomy
(Aris 1999a), but this was less apparent in subsequent trials,
presumably as a result of the technique being refined" (Kirmani
2017). However, this effect disappeared with the newer trials,
confirming that limited access does indeed seem to prolong the
procedure. In one trial, the use of rapid deployment valves meant
that the disadvantage of limited sternotomy on operative times
was negated (Borger 2015). In fact, the advantage conferred by
these valves meant that operative times were explicably shorter
for the limited sternotomy cohort in this trial. This may have
confounded the comparison between the two groups, and the
authors acknowledged this in their discussion. Removing the study
for sensitivity analysis, however, did not change the estimate
of effect, which remained equivalent between the two groups.
Another study found shorter CPB and cross-clamp times with
limited incisions (Moustafa 2007), which could not be explained.

Length of hospital stay may be shorter with minimally invasive
surgery via limited sternotomy, although the evidence was very
uncertain. This was not seen in our original review. The advantage
of limited sternotomy on intensive care stay was negated by
the additional studies identified for this updated review, as the
evidence became more uncertain. It was unclear why this occurred,
however, as there were differences in surgical times, respiratory
function, and bleeding rates between the two groups.

Economic analyses were undertaken in two UK trials that
showed that limited sternotomy may be more expensive at index
admission. These studies also showed that limited sternotomy
was unlikely to be cost-effective at a willingness to pay threshold
of 20,000 GBP per QALY. Equally, there may be no quality of life
improvement with limited sternotomy.

Overall completeness and applicability of evidence

Allthe studiesincluded in this systematic review directly addressed
the review question and allowed meta-analyses on a variety

of outcome measures. The trial populations seemed to be
representative of the people who might undergo aortic valve
replacement, including people with aortic regurgitation and aortic
stenosis. People at high risk from cardiac surgery were typically
excluded (e.g. people with a need for multiple or complex
procedures or people with left ventricular impairment) and this
may well reflect the typical patient selection in a real-world setting
(where concomitant procedures require open surgery and high
risk procedures are considered for transcatheter treatments). The
surgical techniques appeared to be consistent with current practice
in aortic valve implantation, with a combination of mechanical
and tissue prosthetic valves implanted. One study used aprotinin
routinely (Aris 1999a), which was withdrawn by the manufacturers
in the interim because of an increased risk of mortality. This
suspension was lifted in 2012. Most studies employed aorto-atrial
CPB unless exposure dictated femoral cannulation to be necessary.
As such, the techniques employed appear to be relevant to modern
practice, although clinically heterogeneous.

One small study had an overall mortality of 10% for uncomplicated
isolated aortic valve replacement via either approach, due to two
deaths in each arm of 20 participants (Aris 1999a). The remainder
of the studies appeared to have mortality rates consistent with
the expected rates for selected participants. CPB times and
aortic cross-clamp times appeared to be consistent with expected
operating times. One trial had a cross-over rate of 12% from limited
sternotomy to full sternotomy (Nair 2018), which the authors noted
was a limitation: there was a possibility that the surgeons were
still developing confidence in undertaking the procedure. In ideal
circumstances, the conversion rate would be lower. The remainder
of the outcome measures in the conventional approach (full
sternotomy) group appeared to correlate with equivalent data in
the literature, suggesting that in all studies, the operating surgeons
had already passed their learning curves for the procedures.

Quality of the evidence

This meta-analysis represented 1395 participants in 14 randomised
controlled studies. Most of the studies were underpowered to
identify differences in the outcome measures cited. The overall
certainty of the evidence was very low to moderate. Summary of
findings 1 describes the main factors affecting certainty within and
between studies.

Limitations in study design and implementation

Nine studies described adequate control of sequence generation,
of which seven had robust means of allocation concealment.
Blinding was not performed in any study, except for pain scores
in the paper by Bonacchi 2002 and for 48 hours for pain and
quality of life measures by Hancock 2019. There was no evidence
of selective outcome reporting of important outcome measures,
but only five studies had a pretrial protocol published in an
international registry (Borger 2015; Dalén 2018; Hancock 2019;
Nair 2018; Rodriguez-Caulo 2021). Two studies presented data as
per-protocol analyses rather than intention-to-treat (Borger 2015;
Dalén 2018). Participants who dropped out of particular arms of
the study could represent failure of the procedure in that case
(especially for minimally invasive approaches where the intended
valve could not be deployed). The follow-up was complete in all
cases.
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Indirectness of evidence

In general, there were no serious concerns of systematic bias as
a result of indirectness. We considered length of stay to be a
poor surrogate marker of surgical outcome, as different healthcare
systems have different philosophies on discharging from hospital:
some consider an expedited discharge an indication of participant
well-being, whereas others do not construe early discharge in this
way.

Unexplained heterogeneity or inconsistency of results

Seven of the outcome measures that were amenable to
quantitative analysis showed substantial heterogeneity. The
individual reasons for these have been explored in the discussions
for each outcome, but can broadly be attributed to the array
of surgical and postoperative differences in practice across
departments. Many of these cumulative, minor differences in
practice were not protocolised or described in the studies and
will have contributed to the clinical heterogeneity in this study. In
addition, the use of a novelrapid deployment valve in the minimally
invasive arm of one study introduced further heterogeneity in the
results (Borger 2015), as this will have shortened operative time
for one arm only. Inclusion and exclusion criteria were broadly
similar, but the variation in aortic valve pathology across studies
may have introduced differences in operating times (due to the
need for annular decalcification in stenotic valves) and different
risk profiles (absence of calcium deposition in the aortic root may
reduce the risk of neurological complications). The absence of
clear protocols for transfusion in the majority of studies, discharge
from the intensive care unit, discharge from hospital, and return to
theatre may also have caused differencesin outcome measures, but
this should have been standardised between groups within studies.
One study had within-study differences in pain control according
to which measure was used (visual analogue scale of self-reported
pain versus total dose of morphine delivered via patient-controlled
analgesia), confirming that surrogate markers may not always be
reliable indicators (Calderon 2009).

Imprecision of results

The studies were all underpowered according to optimal
information size to measure mortality, deep sternal wound
infection, and re-exploration for bleeding. The details of this
calculation are outlined in the footnotes of the Summary of findings
1.

Publication bias

A number of randomised controlled trials that have been registered
but not completed may reflect attempts to perform aortic
valve replacement via minimally invasive approaches that were
deemed unsuccessful. There may, therefore, be some potential for
publication bias if centres that have demonstrated poor results
have terminated their programmes or failed to publish their results.

Potential biases in the review process

Four of the review authors have practices that include minimally
invasive aortic valve replacement and one of the review authors
consults for a manufacturer of minimally invasive surgical
equipment. However, the literature search, review and analysis has
been performed in a transparent and reproducible manner. This
should have reduced any risk of bias in this review.

We had a number of postprotocol changes to the review
methodology, which might indicate a bias in the process resulting
from prior knowledge of the findings. Several outcome measures
were added following aggregation of data: these were not known
to us at the time of writing the protocol, and we do not believe this
could have been foreseen.

Agreements and disagreements with other studies or
reviews

One large meta-analysis incorporating randomised controlled
trials, propensity matched studies, and observational studies,
found similar outcomes to this review (Phan 2014). They found
a significant reduction in perioperative mortality for minimally
invasive aortic valve replacement (including but not exclusive to
upper hemi-sternotomy), but in subgroup analysis, this difference
was only evident in the non-randomised studies. However, the
differences in cross-clamp and CPB times were significant only
when randomised trials were excluded - which was our finding
in the original 2017 review (Kirmani 2017). With more recent
studies, both mortality and operative times came closer to each
other in both groups, suggesting an early learning curve for
minimally invasive surgery. For other outcome measures, Phan
and colleagues aggregated mini-sternotomy and mini-thoracotomy
approaches to aortic valve replacement and the comparisons are
therefore not applicable for a comparison of limited versus full
sternotomy.

Our findings correlated with the trend in the literature: that
minimally invasive aortic valve surgery via limited upper hemi-
sternotomy may be performed at least as safely as conventional
surgery via a full sternotomy, although the evidence was uncertain
for some outcomes. The only outcome that showed a likely benefit
of limited hemi-sternotomy was postoperative blood loss.

AUTHORS' CONCLUSIONS

Implications for practice

Our review demonstrates there may be no increase in mortality or
serious morbidity with minimally invasive aortic valve replacement
through limited upper hemi-sternotomy, although the evidence for
some of the complications was very uncertain. It was uncertain
whether limited hemi-sternotomy had different cardiopulmonary
bypass or aortic cross-clamp times compared to full sternotomy.
Concerns about the effects of longer cardiopulmonary bypass
(CPB) and aortic cross-clamp times appear to be unfounded as
most of the sequelae of these (i.e. the other outcomes of this
study) may not be any different, although the evidence was very
uncertain for some of these outcomes. Increasing experience in
limited sternotomy has brought CPB and aortic cross-clamp times
within equivalent clinical margins of extracorporeal support times
in full sternotomy. There may be benefits in postoperative bleeding
rates, postoperative lung function, and hospital length of stay.
Although index admission costs may be 1190 GBP higher, studies
that reported economic analysis did not consider it to be cost-
effective at a 20,000 GBP per quality adjusted life year threshold.
Benefits in pain relief and deep sternal wound infection rate were
not realised. This would suggest that limited-sternotomy access
may be a comparable, if not cost-effective, approach for aortic valve
replacement, although some of the evidence is very uncertain.
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Implications for research

One significant potential improvement for future research in
this field might include blinding of participants and outcome
assessors using standardised dressings and a postoperative care
team blinded to the approach. In this way, while the operating
team would know what surgery had been performed, those making
outcome assessments would not.

In addition, future trials would benefit from performing a priori
sample size calculations and considering follow-up of participants
beyond discharge. Bypass and cross-clamp times are reliable
indices of the complexity of an isolated aortic valve procedure
and correlate well with clinical outcomes and learning curves.
In minimally invasive procedures, however, the surgical time
from skin incision to skin closure can also be increased, as
developing access and maintaining meticulous haemostasis are
more crucial. Recording this surgical skin-to-skin time in future
studies may, therefore, provide a reliable index of the progress of
the procedures.

Finally, the use of practitioners with prestated expertise criteria
(e.g. 100 cases performed prior to trial participation with < 5%
conversion rate) might reduce the uncertainty associated with the
learning curve that affected outcomes.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Aris 1999a

Study characteristics

Methods Study design: prospective randomised controlled study
Duration: 4 months
No. of centres: single
Location: Spain
Setting: cardiac surgical centre
Withdrawals: none

Dates: not stated

Participants 40 consecutive participants undergoing first-time elective isolated aortic valve replacement
Exclusion criteria: none
Demographics[limited / full sternotomy]
Number of participants: 40 [20 / 20]
Mean age (+ SD) (range): 64 + 11 years (26 to 76 years)
Gender: not stated
Pathophysiology: 31 AS,9 AR
Severity of disease: not stated
Mean risk score: [11.6 +5.0 /11.4+5.5]
Mean left ventricular ejection fraction: [62.3+ 11 /64.9 +13]
Diabetes mellitus: not stated
Preoperative lung function % predicted FEV;: [79 + 14 /81 + 21]
Preoperative lung function % predicted FVC: [79 + 14 / 80 + 20]

Smoking status: not stated

Interventions Limited sternotomy: reversed L- or reversed J-shaped mini-sternotomy

Modifications from full sternotomy: none stated

Outcomes Primary outcomes: cross-clamp and pump times, time to extubation, chest drainage (24 hours), num-
ber of blood transfusions, ICU stay, and total postoperative length of stay

Secondary outcomes: pain scores (daily) and cosmetic evaluation (discharge)
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Aris 1999a (Continued)

Other reported outcomes: none

Standard care Standard care was aortic and right atrial cannulation, aprotinin, antegrade cold blood cardioplegia
(through coronary ostia), and no left ventricular vent. Mechanical prostheses in most participants. No
transoesophageal echocardiography

Notes No funding or conflict of interests declared.

Risk of bias

Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk Computer generated

tion (selection bias)

Allocation concealment Low risk Envelope opened at time of surgery
(selection bias)

Blinding of participants High risk No blinding

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Mortality, blood loss, deep sternal wound infection, re-exploration, and post-
sessment (detection bias) operative atrial fibrillation rates were unlikely to be affected by absence of
Low risk from non-blind- blinding.

ing (objective measures)

Blinding of outcome as- High risk No blinding
sessment (detection bias)

At risk from non-blinding

(subjective measures)

Incomplete outcome data  Low risk No evidence of loss to follow-up
(attrition bias)
All outcomes

Selective reporting (re- Low risk Relevant outcome measures reported
porting bias)

Other bias Unclear risk Limited description of preoperative participant demographics

Bonacchi 2002

Study characteristics

Methods Study design: prospective randomised controlled study
Duration: 2 years
No. of centres: single
Location: Italy
Setting: cardiac surgery centre

Withdrawals: none
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Bonacchi 2002 (continued)

Dates: January 1999 to July 2001

Participants

80 consecutive participants with aortic valve pathology undergoing elective aortic valve replacement.

Exclusion criteria: emergent surgery, concomitant coronary revascularisation, left ventricular ejection
fraction <25% or heavily calcified aorta

Demographics[limited / full sternotomy]

Number of participants: 80 [40/40]

Mean age (+ SD): [62.6 + 9.5 years / 64 + 12.4 years]
Gender: not stated

Pathophysiology (AS:AR:mixed): [12:8:20 / 10:7:23]
Severity of disease (NYHA status): [2.7+0.9/2.5+0.7]
Mean risk score: not stated

Mean left ventricular ejection fraction: [57 + 12 /56 + 13]
Diabetes mellitus: not stated

Preoperative lung function: not stated

Smoking status: not stated

Interventions

Limited sternotomy: reversed C- or reversed L-shaped sternal incision with < 10 ¢cm skin incision

Modifications from full sternotomy: none stated

Outcomes

Primary outcomes: not stated
Secondary outcomes: not stated

Other reported outcomes: in-hospital death, re-exploration for bleeding, mean mediastinal drainage
or bleeding > 800 mL, blood transfusion, atrial fibrillation, atelectasis, respiratory insufficiency, sternal
wound infection, sternal instability, mechanical ventilation time, oxygen requirements (pre- and pos-
textubation), pain scores (1 and 12 hours), analgesia requirements, ICU stay, hospital stay, spirometry
(5 days and 1 to 2 months)

(follow-up time in parentheses)

Standard care

Standard care was normothermic CPB and aortic cross-clamping with aortic and right atrial 2-stage ve-
nous cannulation. Retrograde and ostial antegrade cold blood cardioplegia were given. A right superi-
or pulmonary vent was used in all cases. Transverse or oblique aortotomies were utilised depending on
valve choice rather than surgical approach. Transoesophageal echocardiography was employed in all
cases

Notes No funding or conflict of interests declared.
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Computer generated
tion (selection bias)
Allocation concealment Unclear risk Not stated
(selection bias)
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Bonacchi 2002 (continued)

Blinding of participants High risk Not blinded
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Mortality, blood loss, deep sternal wound infection, re-exploration, and post-
sessment (detection bias) operative atrial fibrillation rates are unlikely to be affected by absence of
Low risk from non-blind- blinding.

ing (objective measures)

Blinding of outcome as- Low risk Participants and staff blinded to surgical incision
sessment (detection bias)

At risk from non-blinding

(subjective measures)

Incomplete outcome data  Low risk All randomised participants reported on
(attrition bias)
All outcomes

Selective reporting (re- Low risk Relevant outcome measures reported
porting bias)

Other bias Unclear risk Limited description of preoperative participant characteristics
Borger 2015

Study characteristics

Methods Study design: prospective randomised controlled study

Duration: 9 months

No. of centres: 5 centres

Location: Germany

Setting: cardiac surgical centres

Withdrawals: 6 (5 in minimally invasive group, 1 in full sternotomy group)

Dates: May 2012 to February 2013

Participants 100 participants with AS in 5 German centres
Inclusion criteria: logistic EuroSCORE <20, NYHA = 2

Exclusion criteria: pure AR, previous cardiac surgery, congenital true bicuspid valve (Sievers type 0),
emergency surgery, left ventricular ejection fraction < 25%, recent myocardial infarction (< 90 days), or
stroke or TIA < 6 months

Demographics[limited / full sternotomy]

Number of participants: 100 randomised [46 / 48]; 6 dropouts: 1 randomised to full sternotomy with-
drew; 5 randomised to minimally invasive surgery were unable to have the procedure

Mean age (+ SD): [73.0 £ 5.3 years / 74.2 £ 5.0 years]
Male gender: [27 (58.7%) / 21 (43.7%)]

Pathophysiology: AS with or without aortic insufficiency
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Borger 2015 (Continued)

Severity of disease (NYHA = I1): [31 (67.4%) / 29 (60.4%)]
Mean STS risk score: [1.6 +0.7 / 1.7+ 0.6]

Mean left ventricular ejection fraction: not stated
Diabetes mellitus: [15 (32.6%) / 11 (22.9%)]
Preoperative COPD: [6 (13.0%) / 7 (14.9%)]

Smoking status: [22 (47.8%) / 12 (25.5%)]

Interventions

Limited sternotomy: upper hemi-sternotomy into third or fourth intercostal space

Modifications from full sternotomy: percutaneous femoral venous cannulation if right atrial cannu-
lation not possible. Use of rapid deployment aortic valve prosthesis - Edwards Intuity valve (a stented,
trileaflet bovine pericardial bioprosthesis with a balloon-expandable cloth covered skirt frame)

Outcomes

Primary outcomes: cross-clamp and CPB time
Secondary outcomes: haemodynamic performance, quality of life (EQ-5D), NYHA class

Safety outcomes: cardiac reoperation, thromboembolism, renal failure, paravalvular leak, permanent
pacemaker insertion, resternotomy, major bleeding events, endocarditis, myocardial infarction, deep
sternal wound infection, cerebrovascular accident, respiratory failure

Standard care

Standard care was full sternotomy with ascending aortic and right atrial cannulation. Normothermic or
mild hypothermic CPB with antegrade crystalloid, cold or warm blood cardioplegia was given. Trans-
verse aortotomies were employed in all cases. CO,, field flooding was used. In all full-sternotomy partic-

ipants, the valve choices were conventional stented valves

Notes Disclosure: sponsored by Edwards Lifesciences LLC. Manuscript facilitated by Edwards Lifesciences
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not stated
tion (selection bias)
Allocation concealment Unclear risk Not stated
(selection bias)
Blinding of participants High risk Not blinded
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk Mortality, blood loss, deep sternal wound infection, re-exploration, and post-
sessment (detection bias) operative atrial fibrillation rates were unlikely to be affected by absence of
Low risk from non-blind- blinding.
ing (objective measures)
Blinding of outcome as- High risk No blinding
sessment (detection bias)
At risk from non-blinding
(subjective measures)
Incomplete outcome data High risk Quote: "three [patients] who were randomized to MIS-RADVR [minimally inva-
(attrition bias) sive surgical rapid-deployment aortic valve replacement] eventually received a
All outcomes conventional valve because of problems with their anatomy".
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Borger 2015 (Continued)

Comment: these participants appeared to have been excluded following ran-
domisation and an intention-to-treat analysis may have identified difficulty
with the minimally invasive approach.

Selective reporting (re- Low risk Relevant outcome measures reported. 4 secondary outcome measures de-
porting bias) scribed in pretrial protocol were not described in the final study publication,
but these were not considered clinically important measures.

Other bias High risk Significant confounder as mini-sternotomy utilised rapid-deployment valve
and full-sternotomy employed standard surgical valves. (Study funded by
manufacturer although this was not reason for downgrading)

Calderon 2009

Study characteristics

Methods Study design: prospective randomised controlled study
Duration: 4 years
No. of centres: single
Location: France
Setting: university hospital
Withdrawals: 1 from full sternotomy group

Dates: 2003 to 2007

Participants 78 participants undergoing aortic valve replacement for stenotic, regurgitant, or mixed aortic valve dis-
ease by a single surgeon

Inclusion criteria: adults, ASA grade < 3, informed consent, left ventricular ejection fraction > 40%

Exclusion criteria: redo, combined surgery, ASA = 4, acute pulmonary oedema, COPD, endocarditis,
chronic renal failure, antiplatelet use < 7 days before surgery, haemostatic abnormality

Demographics[limited / full sternotomy]

Number of participants: 78 randomised [38 / 39]

Mean age (+ SD): [70.9 + 11.4 years / 70.8 + 10.2 years]
Male gender: [23 (60.5%) / 27 (69.2%)]
Pathophysiology: 75% AS, 24% AR, 1% mixed

Severity of disease: not stated

Mean risk score: [5.4+1.9/5.2+1.8]

Left ventricular ejection fraction > 50%: [36 (94.7%) / 34 (87.2%)]
Diabetes mellitus: not stated

Preoperative % predicted FEV;: [73.9+18.2 /78.8 £+ 21]
Preoperative % predicted FVC: [81.1 + 16.1/83.6 + 19.4]

Smoking status: not stated
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Calderon 2009 (continued)

Interventions

Limited sternotomy: minimal sternotomy access via 6 to 10 cm mid-line skin incision and reversed L
sternal incision

Modifications from full sternotomy: none

Outcomes

Primary outcomes: respiratory parameters
Secondary outcomes: bleeding, transfusion, and pain status

Other reported outcomes: intraoperative and postoperative blood loss, transfusion rates, CPB and
cross-clamp times, operation time, mechanical ventilation time, ICU stay, hospital stay, systemic in-
flammatory response syndrome, re-exploration for bleeding, death, spirometry (1, 2, and 7 days), pain
scores, cardiac output studies

Standard care

Standard care included routine anaesthesia, aprotinin prophylaxis, right atrial appendage and ascend-
ing aortic cannulation, and Bretschneider's cardioplegia solution. Aortic root vent only was employed.

Notes Funding: French Ministry of Health

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk 1:1 computer-generated 6-per-block randomisation, designed by a statistician.
tion (selection bias)

Allocation concealment Low risk Sealed envelopes

(selection bias)

Blinding of participants High risk No blinding

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Mortality, blood loss, deep sternal wound infection, re-exploration, and post-
sessment (detection bias) operative atrial fibrillation rates are unlikely to be affected by absence of
Low risk from non-blind- blinding.

ing (objective measures)

Blinding of outcome as- High risk No blinding

sessment (detection bias)

At risk from non-blinding

(subjective measures)

Incomplete outcome data ~ Low risk All randomised participants reported

(attrition bias)

All outcomes

Selective reporting (re- Low risk All relevant outcome measures reported

porting bias)

Other bias Unclear risk Limited description of preoperative participant characteristics

Dalén 2018

Study characteristics

Limited versus full sternotomy for aortic valve replacement (Review)
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Dalén 2018 (Continued)

Methods Study design: prospective randomised controlled study
Duration: 2 years
No. of centres: single
Location: Sweden
Setting: university hospital

Withdrawals: 3 - 1 conversion from minimally invasive to open sternotomy; 2 deaths in sternotomy
group

Dates: 2013 to 2015

Participants 40 participants undergoing aortic valve replacement for severe aortic stenosis, in sinus rhythm
Inclusion criteria: adults, severe symptomatic aortic stenosis, sinus rhythm, able to provide consent

Exclusion criteria: participation in other trials, LVEF < 45%, coexisting severe valvular dysfunction, pre-
vious cardiac surgery, urgent surgery

Demographics[limited / full sternotomy]

Number of participants: 40 randomised [20 / 20] but analysis performed as per-protocol with one pa-
tient cross-over intra-operatively [19/21]

Mean age (+ SD): [67 + 9.0 years / 70 + 7.9 years]

Male gender: [12 (63%) / 13 (62%)]

Pathophysiology: 100% AS with 10% concomitant moderate AR
Severity of disease: 100% severe

Mean risk score: EuroSCORE 11 [1.26 + 0.65/ 1.44 + 0.90]

Left ventricular ejection fraction > 50%: 100%

Diabetes mellitus: [4 (21%) / 6 (29%)]

Preoperative % predicted FEV;: not stated

Preoperative % predicted FVC: not stated

Smoking status: not stated

Interventions Limited sternotomy: minimal sternotomy access via 6 cm mid-line skin incision and partial J sternal
incision to third intercostal space. Partial pericardial incision anterior to ascending aorta, not extend-
ing over right ventricle. Pericardium closed at end of procedure. Central arterial and peripheral venous
cannulation. Antegrade Custodial cardioplegia solution

Modifications in full sternotomy: full length pericardial incision; pericardium not closed in full ster-
notomy cases; antegrade and retrograde cold blood cardioplegia

Outcomes Primary outcomes: TAPSE; RV pulsed-wave tissue Doppler velocity; RV fractional area change; basal
and mid-RV transversal diameters (all on day 4 postsurgery)

Secondary outcomes: none stated

Other reported outcomes: invasive ventilation time, respiratory insufficiency, pneumonia, new-on-
set atrial fibrillation, stroke, TIA, postoperative bleeding, re-operation for bleeding, pericardiocentesis,
postoperative dialysis, packed red blood cell transfusion, re-operation for paravalvular leak, de novo
pacemaker insertion, ICU stay, total hospital stay

Limited versus full sternotomy for aortic valve replacement (Review) 39
Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews
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Standard care

Full sternotomy, with complete pericardial incision left open at end of procedure. Antegrade and/or
retrograde cold blood cardioplegia used.

Notes 1 patient randomised to minimally invasive surgery had intraoperative conversion to sternotomy and
was analysed in this group as a per-protocol analysis rather than intention-to-treat. Full study protocol
was never published.

No funding or conflict of interests declared.
Risk of bias
Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Ablinded envelope system using sequentially numbered containers was used
to randomize patients to intervention without blocking

Allocation concealment
(selection bias)

Unclear risk Not stated

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk No blinding

Blinding of outcome as-
sessment (detection bias)
Low risk from non-blind-
ing (objective measures)

Low risk Some outcomes low risk of bias even without blinding

Blinding of outcome as-
sessment (detection bias)
At risk from non-blinding
(subjective measures)

High risk No blinding

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Protocol not published: all outcomes may not have been published but ex-
pected outcomes are presented

Selective reporting (re- High risk Some data presented ambiguous: e.g. which arm deceased patients belonged
porting bias) to
Other bias High risk Per-protocol analysis
Dogan 2003
Study characteristics
Methods Study design: prospective randomised controlled study
Duration: not stated
No. of centres: single
Location: Germany
Setting: university hospital
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Dogan 2003 (Continued)

Withdrawals: none

Dates: not stated

Participants

40 consecutive participants scheduled for elective aortic valve replacement

Exclusion criteria: stentless valves or pulmonary autograft, carotid stenosis > 50%, severe ascending
aortic calcification, history of TIA or stroke, Alzheimer's or Parkinson's disease

Demographics[limited / full sternotomy]

Number of participants: 40 [20 / 20]

Mean age (+ SD): [65.7 + 1.9 years / 64.3 £ 2.9 years]
Male gender: [9 (45%) / 11 (55%)]

Pathophysiology (AS:AR:mixed): [8:3:9/6:1:13]
Severity of disease mean gradient: [57 + 14 / 63 + 15]
Mean risk score: not stated

Mean left ventricular ejection fraction: [64 + 3 / 65 + 2]
Diabetes mellitus: [4(20%) / 3(15%)]

Preoperative FEV;:[2.3+0.9/2.6 +0.8]
Preoperative FVC: [3.0+1.0/3.2+1.0]

Smoking status: not stated

Interventions

Limited sternotomy: limited median skin incision (7 to 9 cm) and reversed L-shaped upper partial ster-
notomy into fourth or fifth right intercostal space

Modifications from full sternotomy: the venting and cardioplegia strategies in the minimally invasive
cases were different. Different surgeons performed minimally invasive and full-sternotomy operations.

Outcomes

Primary outcomes: operative time, CPB and cross-clamp time, postoperative ventilation, 24-hour
chest tube drainage, ICU stay, and hospital stay

Secondary outcomes: spirometry (postoperative day 6 or 7), pain scores (days 2 to 3 and 6 to 7), neu-
ropsychological and biochemical tests

Other reported outcomes: none

(follow-up time in parentheses)

Standard care

Standard care was propofol anaesthesia, ascending aorta and right atrial cannulation, apical left ven-
tricular vent, antegrade and retrograde cold blood cardioplegia. Right temporary pacing wires

Notes No conflict of interest or funding
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Not stated
tion (selection bias)
Allocation concealment Unclear risk Not stated
(selection bias)
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Dogan 2003 (Continued)

Blinding of participants High risk No blinding
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Mortality, blood loss, deep sternal wound infection, re-exploration, and post-
sessment (detection bias) operative atrial fibrillation rates are unlikely to be affected by absence of
Low risk from non-blind- blinding.

ing (objective measures)

Blinding of outcome as- High risk No blinding
sessment (detection bias)

At risk from non-blinding

(subjective measures)

Incomplete outcome data  Low risk No loss to follow-up
(attrition bias)
All outcomes

Selective reporting (re- Low risk All relevant outcome measures reported
porting bias)

Other bias Unclear risk Some confounding aspects of surgical techniques differing between 2 groups
(vent and cardioplegia techniques)

Gofus 2020
Study characteristics
Methods Study design: prospective randomised controlled study
No. of centres: single
Location: Czech Republic
Setting: university hospital
Withdrawals: none
Dates: May 2017 to September 2019
Participants 40 consecutive participants scheduled for elective biological aortic valve replacement suitable for ei-
ther upper hemi-sternotomy or median sternotomy based on chest x-ray and aortography
Exclusion criteria: redo surgery or concomitant surgery
Demographics[limited / full sternotomy]
Number of participants: 40 [20 / 20]
Mean age (+ SD): not specified
Male gender: [11 (55%) / 16 (80%)]
Pathophysiology (AS:AR:mixed): [15:1:5 / 14:1:5]
Severity of disease mean gradient: not specified
Median risk score (EuroSCORE I1): [1.5(1-1.9) / 1.1 (0.8 - 1.6)]
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Gofus 2020 (Continued)

Median left ventricular ejection fraction (IQR): [65 (61.3 - 65) / 65 (60 - 66.8)]
Diabetes mellitus: [9(45%) / 11(55%)]

Preoperative FEV; (% predicted median (IQR): [99.5 (88.5-110) / 80 (75.3 - 91)]
Preoperative FVC (% predicted median (IQR): [97 (92.3; 101.8)/ 91.5 (85; 100.8)]

Ex-Smoking status: [2 (10%) / 8 (40%)]

Interventions

Limited sternotomy: J-shape splitting of the sternum from the jugular notch to the level of third or
fourth intercostal space with central cannula- tion of the ascending aorta and the superior vena cava

Modifications from full sternotomy: "FS group was performed in a standard fashion" but not speci-
fied. Presumed right atrial cannulation. A stented bioprosthesis was implanted in all the patientsin a
supra-annular fashion using double-pledgeted interrupted stitches.

Outcomes

Primary outcomes: pulmonary function and health-related quality of life
Secondary outcomes: none stated

Other reported outcomes: operative times, CPB times, aortic cross-clamp times, ventilation times,
24h blood loss, transfusions, ICU stay, hospital length of stay, revision for bleeding, infections, respira-
tory complications, wound complications, neurological complications, atrial fibrillation, conduction
block

Standard care

Not specified

Notes No conflict of interest or funding declared

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Random number generator

tion (selection bias)

Allocation concealment High risk Not specified how allocation concealment was performed. Allocation occurred

(selection bias) 24h after randomisation by an unspecified random numbering method. Sig-
nificant differences in patient groups noted: limited sternotomy group vs full
sternotomy group bodyweights were 76 kg versus 91 kg (P = 0.02).

Blinding of participants High risk Not blinded

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Mortality, blood loss, transfusion, infection and AF unlikely to be affected by

sessment (detection bias) non-blinding

Low risk from non-blind-

ing (objective measures)

Blinding of outcome as- High risk Not blinded

sessment (detection bias)

At risk from non-blinding

(subjective measures)

Incomplete outcome data  Unclear risk Incomplete specification of data

(attrition bias)
All outcomes
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Gofus 2020 (Continued)

Selective reporting (re- Unclear risk No prespecified plan of reporting
porting bias)

Other bias Unclear risk Not registered in advance
Hancock 2019
Study characteristics
Methods Study design: single-centre, single-blind, prospective, randomised, controlled superiority trial

Duration: 28 months

No. of centres: single

Location: UK

Setting: university hospital

Withdrawals: 1 (randomised in error and did not receive any surgery)

Dates: March 2014 to July 2016

Participants 270 participants scheduled for elective, isolated aortic valve replacement

Exclusion criteria: concomitant cardiac procedures, redo surgery, only suitable for median sternoto-
my, haemoglobin <90g/L, pregnant, in another interventional trial, previous cardiac surgery, unable to
stop anticoagulant treatment, history of thrombophilia, thrombocytopaenia, or other haematological
conditions that would affect participation (as assessed by any of the participating surgeons), infective
endocarditis, prevented from having blood products according to a system of beliefs, any other med-
ical, psychiatric or social reason to preclude participation

Demographics[limited / full sternotomy]

Number of participants: 270 [135 / 135]

Mean age (+ SD): [69.3 + 9.3 years / 68.7 + 8.4 years]

Male gender: [78 (58%) / 87 (64%)]

Pathophysiology (AS:AR:mixed): [(132:3:0) / (127:8:0)]

Severity of disease mean gradient: not stated

Mean risk score: EuroSCORE Il [1.5+1.1 /1.5 + 1.2] and Logistic EuroSCORE | [5.2+ 3.5 /5.1 3.5]
Diabetes mellitus: not stated

Preoperative FEV;: [2.1+0.7 /2.2 +0.7]

Preoperative FVC: [2.9+0.9/2.9+1.0]

Smoking status: not stated

Interventions Limited sternotomy: limited median skin incision (5 to 7 cm) and manubrium-limited mini-sternotomy
to 1 cm below manubrio-sternal junction.

Modifications from full sternotomy: percutaneous femoral venous cannulation instead of 2-stage
right atrio-caval cannula

Outcomes Primary outcome

Limited versus full sternotomy for aortic valve replacement (Review) 44
Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Hancock 2019 (continued)

« Proportion of patients receiving a red cell transfusion postoperatively and within 7 days of aortic valve
replacement surgery

Secondary outcomes

« Proportion of patients receiving a red cell transfusion and the number of units transfused within 7
days of index surgery and during the index hospital stay

» Proportion of patients receiving a non-red cell blood component transfusion and the number of units
transfused within 7 days of index surgery and during the index hospital stay

« Volumein chest drains at 6 and 12 hours, and at drain removal
« Changesin Hb from baseline to 4 days following index surgery

» Operative success (degree of aortic regurgitation) assessed using echocardiogram within 6 weeks fol-
lowing index surgery

+ Re-operation rates

« Conversion to conventional AVR during index surgery

« Changesin lung function at 4 days and 6 weeks following index surgery

« Quality of life EuroQol (EQ-5D-3L, EQ-VAS) at day 2, 6 weeks and 12 weeks following index surgery
« Time until which patients are deemed ‘fit for discharge’

« Health care utilisation to 12 weeks

« Cost and cost-effectiveness analyses

« Adverse events to 12 weeks following index surgery

Standard care

Patients are given lorazepam as a pre-medication, followed by anaesthesia with propofol, fentanyl,
rocuronium bromide and morphine. All patients are given a total dose of tranexamic acid (TXA) at 30
mg/kg. Where patients have a presurgical creatinine >200 mmol/L, the dose of TXA is halved to 15 mg/
kg. Prior to cardiopulmonary bypass, systemic anticoagulation is achieved with heparin given at a dose
that achieves an activated clotting time (ACT) of greater than 400 seconds. Fresh frozen plasma (FFP)

is administered if the target ACT is not reached. During cardiopulmonary bypass, haemoglobin (Hb) is
kept at 60 g/L or above. Haemofiltration followed by RBC transfusion may be required to achieve this.
Following cardiopulmonary bypass (CPB), protamine administered to reverse heparin, according to the
dose of heparin given. Blood products may be used intra-operatively in the presence of excessive blood
loss. Cell salvage will be used in all patients

All patients have the new aortic valve assessed at the end of surgery using a transoesophageal echocar-
diogram (TOE)

Notes 16 patients crossed over from limited sternotomy to conventional median sternotomy. Data analysed
as intention-to-treat
Funded by National Institute for Health and Care Research (NIHR) (United Kingdom).
1 author declared competing interests with funding from the British Heart Foundation and NIHR, and
grant funding from Zimmer Biomet.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomised by designated and trained members of the research team using
a 24-hour, central, secure, web-based randomization system with concealed
allocation, managed by Durham Clinical Trials Unit. Eligible patients were ran-
domised in a 1:1 ratio between the intervention under study and usual care.
Randomisation stratified by baseline logistic EuroSCORE and preoperative
Haemoglobin (Hb).

Allocation concealment Low risk Web-based randomisation with concealed allocation
(selection bias)
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Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk All patients were blinded to the type of sternotomy they received until after
they completed their day 2 quality of life and pain assessments. All patients
had trial-specific opaque dressings applied to their sternal wound, and to their
groin. Clinical teams were informed of surgical allocation.

Blinding of outcome as-
sessment (detection bias)
Low risk from non-blind-
ing (objective measures)

Low risk Blinding used for some outcomes up to 2 days

Blinding of outcome as-
sessment (detection bias)
At risk from non-blinding
(subjective measures)

Low risk Other outcomes unlikely to be influenced by blinding (e.g. bleeding)

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All randomised participants reported

Selective reporting (re-
porting bias)

Low risk All relevant outcomes reported

Other bias

Low risk No other risks identified

Moustafa 2007

Study characteristics

Methods

Study design: prospective randomised controlled study
Duration: not stated

No. of centres: single

Location: Egypt

Setting: university hospital

Withdrawals: none

Dates: not stated

Participants

60 consecutive participants undergoing first-time elective aortic valve replacement for either AS or AR

Exclusion criteria: emergency surgery, left ventricular ejection fraction < 25%, heavily calcified as-
cending aorta, redo valve surgery, other associated valve lesions

Demographics[limited / full sternotomy]
Number of participants: 60 [30 / 30]
Mean age (+ SD): [22.9 2.4 /23.8 +3.5]
Male gender: [16 / 15]

Pathophysiology (AS:AR): [15:15 / 15:15]
Severity of disease: not stated

Mean risk score: not stated
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Moustafa 2007 (continued)

Mean left ventricular ejection fraction: [56 + 2.3 / 55 + 2.6]
Diabetes mellitus: not stated
Preoperative lung function: not stated

Smoking status: not stated

Interventions

Limited sternotomy: reversed L-shaped mini-sternotomy to the third intercostal space

Other modifications from full sternotomy: venous drainage not specified in methods but noted to be
different for mini-sternotomy group

Outcomes

Primary outcomes: not stated
Secondary outcomes: not stated

Other reported outcomes: pulmonary function tests (1 week and 1 month post), length of incision, op-
erating time, CPB time, ventilation time, chest drainage at 24 hours, blood transfusions, ICU stay, total
hospital stay, participant survey of cosmetic effect, analgesia use

(follow-up time in parentheses)

Standard care

Standard care was aortic and right atrial cannulation, coronary ostial and root antegrade cold blood
cardioplegia, main pulmonary artery or left atrial appendage venting. All participants received a St
Jude Medical mechanical bileaflet prosthesis

Notes No funding or conflict of interests declared
Risk of bias
Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Closed envelope method
tion (selection bias)
Allocation concealment Low risk Closed envelope method
(selection bias)
Blinding of participants High risk No blinding
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk Mortality, blood loss, deep sternal wound infection, re-exploration, and post-
sessment (detection bias) operative atrial fibrillation rates are unlikely to be affected by absence of
Low risk from non-blind- blinding.
ing (objective measures)
Blinding of outcome as- High risk No blinding
sessment (detection bias)
At risk from non-blinding
(subjective measures)
Incomplete outcome data  Low risk No loss to follow-up
(attrition bias)
All outcomes
Selective reporting (re- Low risk All cited and relevant outcome measures reported
porting bias)
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Moustafa 2007 (continued)
Other bias Low risk No other risks identified
Machler 1999
Study characteristics
Methods Study design: prospective randomised controlled study

Duration: 18 months

No. of centres: single
Location: Austria

Setting: university hospital
Withdrawals: none

Dates: July 1996 to December 1997

Participants

120 adults requiring aortic valve procedures

Exclusion criteria: acute endocarditis, concomitant procedures, reoperation
Demographics[limited / full sternotomy]

Number of participants: 120 [60 / 60]

Median age (IQR): [65 (56 to 70) years / 65 (55 to 72) years]

Male gender: [35/ 36]

Pathophysiology (AS:AR): [55:5 / 54:6]

Severity of disease AVA (IQR): [0.6 (0.5t0 0.7) / 0.6 (0.5 t0 0.8)]

Mean risk score: not stated

Median left ventricular ejection fraction (IQR): [67 (60 to 71) / 63 (48 to 70)]
Diabetes mellitus: not stated

Preoperative lung function: not stated

Smoking status: not stated

Interventions

Limited sternotomy: mid-line 8 to 10 cm incision, L-shaped sternotomy to third or fourth right inter-
costal space

Other modifications from full sternotomy: none

Outcomes

Primary outcomes: not stated
Secondary outcomes: not stated

Other reported outcomes: cross-clamp time, CPB time, operation time, postoperative ejection frac-
tion, duration of ventilation, chest tube drainage at 24 hour, reoperation requirements, pericardial effu-
sions, conversion to full sternotomy, arrhythmias, strokes, wound infection, sternal instability, sternal
pain

Limited versus full sternotomy for aortic valve replacement (Review) 48
Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Machler 1999 (continued)

Standard care

Standard care was isoflurane anaesthesia with bolus fentanyl, ascending and right atrial cannulation,
30 to 32 °C hypothermia on CPB, right superior pulmonary vein or pulmonary artery venting, ostial an-
tegrade St. Thomas' cardioplegia and transvenous pacing wires if required only

Notes Only the first 10 participants had echocardiography
No funding or conflict of interests declared
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk Random assignation to surgeons, but no clear randomisation
tion (selection bias)
Allocation concealment Unclear risk Concealment not stated
(selection bias)
Blinding of participants High risk No blinding
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk Mortality, blood loss, deep sternal wound infection, re-exploration, and post-
sessment (detection bias) operative atrial fibrillation rates are unlikely to be affected by absence of
Low risk from non-blind- blinding.
ing (objective measures)
Blinding of outcome as- High risk No blinding
sessment (detection bias)
At risk from non-blinding
(subjective measures)
Incomplete outcome data  Low risk All randomised participants reported
(attrition bias)
All outcomes
Selective reporting (re- Low risk All relevant outcome measures reported
porting bias)
Other bias Low risk No other risks identified
Nair 2018
Study characteristics
Methods Study design: prospective, pragmatic, open-label 1:1 randomised controlled study
Duration: 5 years
No. of centres: 2
Location: UK
Setting: cardiac surgical centres
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Nair 2018 (continued)

Withdrawals: 9 following randomisation (8 limited sternotomy, 1 full sternotomy); 31 at 12 months (13
limited sternotomy and 18 full sternotomy)

Dates: January 2010 to April 2015

Participants

222 participants undergoing first-time elective aortic valve replacement

Exclusion criteria: emergency AVR, left ventricular ejection fraction < 30%, chest wall deformities, se-
vere chronic obstructive pulmonary disease (forced expiratory volume in 1 second or transfer factor of
the lung for carbon monoxide <40% of predicted), body mass index > 35 kg/m2, concomitant cardiac
surgery, redo surgery, and inability to perform transoesophageal echocardiography

Demographics[limited / full sternotomy]
Number of participants: 222 [118 / 104]

Mean age (+ SD): [71.3+12.3/72.1+10.9]

Male gender: [65 (55%) / 47 (45%)]
Pathophysiology (AS:AR): not stated

Severity of disease: not stated

Mean risk score: EuroSCORE [5.9+2.1 /6.1 +£2.1]
Mean left ventricular ejection fraction: not stated
Diabetes mellitus: not stated

Preoperative lung function: not stated

Smoking status: not stated

Interventions

Limited sternotomy: 8 cm skin incision, upper midline hemi-sternotomy to fourth right intercostal
space

Other modifications from full sternotomy: venous drainage with flat venous cannula

Outcomes

Primary outcomes: length of postoperative hospital stay and time from surgery to patient being med-
ically fit for discharge

Secondary outcomes: duration of surgery, total theatre time, aortic cross-clamp and cardiopulmonary
bypass (CPB) times, blood loss in the first 12 hours after surgery, transfusion of blood and clotting
products in the first 48 hours (the blood transfusion trigger was a haemoglobin level <80 g/L), frequen-
cy of reintubation, time to initial extubation, mediastinal drain removal and first independent mobilisa-
tion, daily pain scores at rest and on deep breathing (over the first 10 days or until hospital discharge)
on a scale of 0 to 10, left ventricular ejection fraction, severity of paraprosthetic regurgitation at hospi-
tal discharge and at 6 months, and time to all-cause death. Non-clinical secondary endpoints including
health related quality of life and health care resource use

Other reported outcomes: time to independent mobilisation, re-operations for bleeding and tampon-
ade, conversions for other reasons

Standard care

Antegrade cold blood cardioplegia, oblique or transverse aortotomy, semi-continuous or mattress
valve sutures (according to surgeon preferences), atrial and ventricular pacing wires

Notes Funded by the National Institute for Health and Care Research (NIHR) (United Kingdom). No conflict of
interests.
Risk of bias
Bias Authors' judgement Support for judgement
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Nair 2018 (continued)

Random sequence genera-  Low risk Randomisation (1:1) used random permuted blocks of variable lengths (6 or 8),
tion (selection bias) stratified by surgeon and valve prosthesis (bioprosthetic or mechanical)
Allocation concealment Low risk Random allocations were pregenerated, held in secure files by the Papworth
(selection bias) Trials Unit. Retrieved after induction of anaesthesia in theatre.

Blinding of participants High risk Not blinded

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Objective measures (e.g. bleeding, intubation time etc) unlikely to be affected
sessment (detection bias) by non-blinding

Low risk from non-blind-

ing (objective measures)

Blinding of outcome as- High risk Primary outcome (time to discharge) susceptible to non-blinding
sessment (detection bias)

At risk from non-blinding

(subjective measures)

Incomplete outcome data  Low risk Up to 10% missing data at 12 months (but little attrition at discharge)
(attrition bias)

All outcomes

Selective reporting (re- Low risk All prespecified outcomes measured

porting bias)

Other bias High risk High rate of cross-over in limited sternotomy group (12%) suggestive of learn-
ing curve effect. Expert surgeons may have had different results.

Rodriguez-Caulo 2021

Study characteristics

Methods Study design: independent (not industry supported), single-blind (patient), single-centre, randomised
clinical trial

Duration: 2 years

No. of centres: single
Location: Spain

Setting: university hospital

Withdrawals: unclear - CONSORT diagram states no losses to follow-up and analysis as intention-to-
treat but 103 patients randomised and only 94 analysed. Appears to have had 9 lost to follow-up, in-
cluding 1 withdrawal, 3 cross-overs)

Dates: January 2010 to April 2015

Participants 103 participants undergoing aortic valve replacement for severe aortic stenosis (or mixed aortic valve
disease with predominant stenosis)

Inclusion criteria: severe aortic stenosis, NYHA = 2, angina or syncope, age = 18y, capacity to consent
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Rodriguez-Caulo 2021 (Continued)
Exclusion criteria: moderate LVEF impairment, prior heart surgery, emergency surgery, infectious en-
docarditis, COPD greater than moderate severity, need for concomitant surgery (except Morrow)

Demographics[limited / full sternotomy]

Number of participants: 103 randomised, 100 analysed [50 / 50]
Mean age (+ SD): [66.2 +11.2 /67.6 +7.5]

Male gender: [27 (54%) / 30 (60%)]

Pathophysiology (AS:AR): not stated (all had severe AS)
Severity of disease: mean gradient [53.6 +12.4 / 53.3 £+ 11.5]
Mean risk score: Logistic EuroSCORE [5.2 4.2 / 4.3+ 2.1]

Mean left ventricular ejection fraction: [64.2 +6.9 /66.4 + 8.1]
Diabetes mellitus: [17 (34%) / 15 (30%)]

COPD: [17 (34%) / 15 (30%)]

Interventions Limited sternotomy: partial upper hemi-sternotomy extended into a J-shape into the right fourth in-
tercostal space irrespective of the skin incision (usually 10 cm in length)

Other modifications from full sternotomy: single Blake drain rather than 2 Blake drains

Outcomes Primary outcomes: change from baseline of EQ-5D-5 L Index at 1, 6 and 12 months following surgery
Secondary outcomes:

« Differences between intervention groups greater than or equal to 10 point-change from the baseline
questionnaire EQ-5D-5 L utilities at 1, 6 or 12 months postsurgery

« Early postoperative combined endpoint of four major adverse complications (MAC) at 1 month (safety
endpoint), including all-cause mortality, acute myocardial infarction, stroke or transient ischaemic
accident, and classification of acute renal failure by Acute Kidney Injury Network (AKIN) greater than
or equal to 2. Follow-up at 1 year post-surgery

« Severe nosocomial infections (pneumonia, early endocarditis, mediastinitis, sepsis)

« Need for rehospitalisation

« Differences between interventions groups greater than or equal to 10 points change from the baseline
SATISCORE questionnaire at 1 and 6 months postsurgery

« Postoperative hospital length of stay.

» Postoperative intensive care unit length of stay

+ Times forischaemia and CPB

« Mechanical ventilator support after surgery (intubation times)

» Bleedingin the first 24 h after surgery and transfusion requirements in the first 72 h
« NYHA functional class at 1 to 6 to 12 months

Other reported outcomes: time to independent mobilisation, re-operations for bleeding and tampon-
ade, conversions for other reasons

Standard care Ascending aorta and right atrium cannulation for cardiopulmonary bypass. Right superior pulmonary
vein vent. Antegrade cold blood cardioplegia intermittently via the aortic root or coronary ostia every
20 minutes. Transverse aortotomy, valve extraction and decalcification. 2/0 Ti-Cron pledgeted sutures
for valve and 4/0 polypropylene aortic closure. Transitional pacemaker

Notes This work was supported by grants from Spanish Cardiovascular Research Network co-founded by Fon-
do Europeo de Desarrollo Regional (FEDER).

No conflict of interests declared.
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Rodriguez-Caulo 2021 (Continued)

Risk of bias

Bias

Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomised by computer

Allocation concealment
(selection bias)

Low risk Administrative officer maintaining custody of randomisation sequence

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Patient blinded initially, but not for duration of study. Personnel not blinded

Blinding of outcome as-
sessment (detection bias)
Low risk from non-blind-
ing (objective measures)

Low risk Objective measures (e.g. bleeding, intubation time) unlikely to be affected by

non-blinding

Blinding of outcome as-
sessment (detection bias)
At risk from non-blinding
(subjective measures)

High risk Primary outcome susceptible to detection bias

Incomplete outcome data
(attrition bias)
All outcomes

High risk Unclear from CONSORT diagram where and why incomplete reporting

Selective reporting (re-
porting bias)

Low risk All relevent clinical outcomes reported

Other bias

Low risk Appears to have been well-designed

Shneider 2020

Study characteristics

Methods

Study design: single-centre, prospective randomised clinical trial

Duration: 32 months

No. of centres: single

Location: Russia

Setting: Federal Centre for High Medical Technologies

Withdrawals: 3 patients from limited sternotomy group crossed over; analysed as intention to treat

Dates: January 2012 to December 2017

Participants

112 participants aged 18 to 85 years undergoing isolated aortic valve replacement
Inclusion criteria: indications for isolated aortic valve replacement

Exclusion criteria: aortic dimensions > 42mm or computerised tomography demonstrating unsuitable
for partial upper sternotomy
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Shneider 2020 (continued)

Demographics[limited / full sternotomy]

Number of participants: 112 [56/56]

Mean age (+ SD): [53.1+14.9/56.1 + 14.3]

Male gender: [24 (43%) / 25 (45%)]

Pathophysiology (AS:AR): not stated

Severity of disease: mean gradient [102.8 £ 25.3 /106.2 + 23.9]
Mean risk score: Logistic EuroSCORE 11 [2.3+0.7 /2.6 +0.5]
Mean left ventricular ejection fraction: [58.3 +5.6 / 58.5 + 5.1]
Diabetes mellitus: [10 (18%) / 12 (21%)]

COPD: [15 (27%) / 6 (11%)]

Interventions Limited sternotomy: J-shaped partial upper sternotomy made up to the 3rd or the 4th intercostal
spaces depending on CT data; central cannulation

Other modifications from full sternotomy: none stated. Del Nido cardioplegia used in both cases
with On-X mechanical and Edwards Perimount biological valves in either arm

Outcomes Primary outcomes: mortality and freedom from thromboembolic complications at 32 months
Secondary outcomes

« Acute Myocardial Infarction
« Stroke
« Wound infection

Other reported outcomes: blood transfusion, sternal wound infection,

Standard care Del Nido cardioplegia and central cannulation used for both techniques. On-X mechanical valves and
Perimount stented bioprostheses for tissue valves.

Notes No funding or conflict of interests declared.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Randomisation technique not stated

tion (selection bias)

Allocation concealment High risk No allocation concealment stated
(selection bias)

Blinding of participants High risk Not blinded
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Some outcomes (e.g. wound infection, acute Ml and stroke) not subject to bias
sessment (detection bias) from non-blinding

Low risk from non-blind-

ing (objective measures)
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Shneider 2020 (continued)

Blinding of outcome as- High risk Some outcomes (e.g. length of hospital stay) liable to bias from non-blinding
sessment (detection bias)

At risk from non-blinding

(subjective measures)

Incomplete outcome data  High risk No protocol, flow diagrams or sample size calculations
(attrition bias)
All outcomes

Selective reporting (re- High risk No protocol, flow diagrams or sample size calculations
porting bias)

Other bias Low risk No other clear sources of bias

Vukovic 2019

Study characteristics

Methods Study design: prospective randomised, controlled trial
Duration: 22 months
No. of centres: single
Location: Serbia
Setting: cardiovascular institute
Withdrawals: not stated

Dates: February 2016 to November 2017

Participants 100 participants undergoing aortic valve replacement
Inclusion criteria: not stated
Exclusion criteria: concomitant procedures, urgent surgery
Demographics[limited / full sternotomy]
Number of participants: 100 randomised [50 / 50]
Mean age (+ SD): [65+8.9/67.8 +8.7]
Male gender: [22 (44%) / 28 (56%)]
Pathophysiology (AS:AR): not stated
Severity of disease: mean gradient [65+19 /62 +17]
Mean risk score: EuroSCORE Il [1.87 +1.03/1.98 + 1.8]
Mean left ventricular ejection fraction: [53.1 +10.6 / 50.8 + 11]
Diabetes mellitus: [12 (24%) / 13 (26%)]

COPD: not stated

Interventions Limited sternotomy: midline 6 to 10 cm skin incision from the second rib down to the fourth rib. A re-
verse J-shaped upper mini-sternotomy was performed from the sternal notch to the third or fourth in-
tercostal space.
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Vukovic 2019 (continued)

Other modifications from full sternotomy: none

Outcomes Primary outcomes: composite of 30-day mortality, myocardial infarction, stroke, and surgical site in-
fection

Secondary outcomes: individual components of the primary endpoint, lengths of ICU and hospital
stays, and the time period to reach full physical recovery after surgery. The time point of full recovery
was defined as the period needed to return to regular physical activity.

Other reported outcomes: none

Standard care Central arterial cannulation, antegrade cold blood cardioplegia, right upper pulmonary vein vent, de-
airing without lifting the heart

Notes No funding or conflict of interests declared.

Risk of bias

Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Computer-generated

tion (selection bias)

Allocation concealment Low risk Independent investigator generated the allocation scheme and randomisation
(selection bias) did not influence the surgeon selection. The attending surgeon was informed
about the type of treatment at the induction of anaesthesia.

Blinding of participants High risk Not blinded
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Objective measures (e.g. bleeding) unlikely to have been affected by non-
sessment (detection bias) blinding

Low risk from non-blind-

ing (objective measures)

Blinding of outcome as- High risk No blinding described
sessment (detection bias)

At risk from non-blinding

(subjective measures)

Incomplete outcome data  Low risk No unexplained loss to follow-up
(attrition bias)

All outcomes

Selective reporting (re- Low risk Relevant outcomes reported

porting bias)

Other bias High risk No a priori statistical hypothesis

AR: aortic regurgitation; AS: aortic stenosis; ASA: American Society of Anesthesiologists; AVA: aortic valve area; AVR: aortic valve
replacement; CPB: cardiopulmonary bypass; COPD: chronic obstructive pulmonary disease; FEVy: forced expiratory volume in one second;

FVC: forced vital capacity; ICU: intensive care unit; LVEF: left ventricular ejection fraction; IQR: interquartile range; NYHA: New York Heart
Association; RV: right ventricle; SD: standard deviation; TAPSE: tricuspid annular plane systolic excursion; TIA: transient ischaemic attack.

Characteristics of excluded studies [ordered by study ID]
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Study

Reason for exclusion

Abjigtova 2021

Not randomised

Aris 1999b

Not randomised

Bakir 2014

Not randomised

Baumbach 2010

Not randomised

Borrero 2020

Not randomised controlled trial

Bruce 2014

Intervention group was robotic surgery

Canosa 1999

Observational study

Chang 1999

Observational study

Christiansen 1999

Observational study

Concistre 2013

Observational study

Corbi 2003

Observational study

Dalen 2015

Observational study (propensity matched)

Detter 2002b

Observational study

Doll 2002

Observational study

Fareed 2018

Apparently randomised data collection not prospective randomisation of patients - au-
thors contacted for clarification and did not respond.

Farhat 2003

Prospective but not randomised

Ferdinand 2001

Observational study

Foghsgaard 2009

Prospective but not randomised

Frazier 1998

Observational study

Gilmanov 2013

Observational study

Glauber 2013

Observational study

Glower 2014

Observational study

Hamano 2001

Observational study

Hiraoka 2011

Observational study

Johnston 2012

Observational study (propensity matched)

Korach 2010

Observational study

Leshnower 2006

Observational study
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Study

Reason for exclusion

Liu 1999b

Observational study

Mahesh 2011

Observational study

Masiello 2002

Observational study

Mihos 2013

Observational study

Mikus 2013

Observational study

Redo surgeries

Ruttmann 2010

Observational study

Sansone 2012

Mini-thoracotomy

Santarpino 2012

Observational study

Sener 2001

Mini-thoracotomy

Sharony 2003

Observational study

Sharony 2004

Observational study (propensity matched)

Sidiropolous 1999

Observational study

Stamou 2003

Observational study (propensity matched)

Suenaga 2004

Observational study

Svensson 1998

Observational study

Vanoverbeke 2004

Observational study

Walther 1999b

Observational study

Wheatley 2004 Port access
Yon 2014 Observational study
You 2012 Observational study

Characteristics of ongoing studies [ordered by study ID]

NCT02272621
Study name Bleeding in Partial Upper Hemisternotomy Versus Full Sternotomy Aortic Valve Replacement
(original title was "Surgical Trauma After Partial Upper Hemisternotomy Versus Full Sternotomy
Aortic Valve Replacement")
Methods Study design: open-label randomised controlled trial

Duration: 20 months
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NCT02272621 (Continued)

No. of centres: single
Location: Sweden
Setting: cardiac surgical centre

Dates: April 2014 to December 2016

Participants

Originally planned to recruit 40 participants scheduled for aortic valve replacement. Has since been
amended to state 100 patients, 50 to each arm

Inclusion criteria: aged = 18 years; severe aortic stenosis defined as aortic valve area of <1 cm?
or index area of 0.6 cm2/m2 by echocardiography; referred for medically indicated aortic valve re-
placement; sinus rhythm; provide written informed consent

Exclusion criteria: left ventricular ejection fraction < 0.45; presence of any coexisting severe valvu-
lar disorder; previous cardiac surgery; urgent or emergent surgery

Interventions

Partial upper hemi-sternotomy

Outcomes

Original primary outcomes: interleukin-6; interleukin-8; interleukin-10; tumour necrosis factor-al-
pha. All postoperatively at 0 to 3 days

Revised primary outcome: universal definition of perioperative bleeding in adult cardiac surgery
within 3 days from surgery

Starting date

April 2015

Contact information

Originally Peter Svenarud, MD, PhD
+46 (0) 8 517 708 12
peter.svenarud@karolinska.se

Now Magnus Dalen but no contact information on clinicaltrials.gov

Notes

Study closed in August 2018 with no published results. Contact made with original responsible par-
ty and current responsible clinical lead

NCT04012060 (LIAR)

Study name

LIAR

Methods

Single-centre, single blind randomised controlled clinical trial, comparing 2 arms of 80 patients
undergoing limited access surgical aortic valve replacement via J-shaped upper hemi-sternotomy
(UHS) or conventional through median sternotomy. In all randomised patients, the diseased native
aortic valve is planned to be replaced with a rapid deployment stented bioprosthesis

Participants

Inclusion criteria

« Patients undergoing an isolated biological aortic valve replacement for a severe and/or sympto-
matic aortic valve stenosis, defined as:
o an aortic valve area of = 1.0 cmZ2; and
o mean valve gradient 240 mmHg; and/or
o apeakvelocity of at least 4.0 m/s
o Able to understand the nature of the study and what will be required of them
« Alladult men and non-pregnant women
« BMI between 18 and 35
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NCT04012060 (LIAR) (Continued)

Exclusion criteria

« Inability to give written informed consent

« Inability to adequately answer the questionnaires

« Patients requiring additional cardiac surgery during the same procedure
« Patients requiring reoperation

« (Relative) contraindications for a limited access approach

« Undergoing an emergency operation

« Recent myocardial infarction (< 90 days)

« Recent stroke or transient ischaemic attack (< 6 months)

Interventions

Mini-aortic valve replacement (mini-AVR)

« Partial or limited J-shaped upper hemisternotomy to right third or fourth intercostal space
through a 6 cm to 8 cm vertical midline skin incision

o Arterial cannulation in the distal ascending aorta or proximal aortic arch

« Venous cannulation through the right atrial appendage or the common femoral vein into the su-
perior vena cava

« Aleftventricularvent through the right upper pulmonary vein, into the left ventricle. Alternatively,
the main pulmonary artery

o 800 mLto 1200 mL cold crystalloid cardioplegia (St Thomas Il solution) through the root, with 500
mL to 600 mL after 30 to 40 minutes of cross clamping time or when electrical activity of the heart
is observed. Intuity Elite rapid deployment stented aortic bioprosthesis using 3 guiding sutures.
The guiding sutures are tied after correct deployment of the valve in the annulus. When the correct
size of the valve prosthesis is not available (> 27 mm) or when the rapid deployment prosthesis is
deemed unsuitable, a conventional sutured valve will be implanted at the surgeon's discretion.
Trans-oesophageal echocardiography (TOE) used to assess function of the valve prosthesis, pres-
ence of paravalvular leakage, and global and regional left and right ventricular function.

« Standard epicardial pacing wires placed at a ‘bare’ muscular part of the free-wall of the right ven-
tricle.

« Single intrapericardial chest drain is placed.

o Sternum is stabilised with 3 to 4 steel wires and then closed in layers in routine fashion using
absorbable sutures.

Conventional surgical aortic valve replacement (SAVR)

« 18cm to 20 cm midline vertical skin incision
« Arterial cannulation at the distal ascending aorta
« Venous cannulation through the right atrial appendage

« The rest of the procedure is identical to the mini-AVR, except the number of chest drains (2 to 4)
and steel wires (6 to 10). The anaesthetic protocol is similar for all patients.

Patients participating in the prospective registry will undergo an isolated SAVR through full median
sternotomy. The choice of valve to be implanted is at the surgeon's discretion. The choice of either
a mechanical or biological valve will be decided in consultation with the patient.

Outcomes

Primary outcomes

1. Changes in cardiac-specific quality of life after aortic valve replacement (1, 3, 6 and 12 months
after surgery

2. Change in cardiac specific quality of life after aortic valve replacement measured by the physical
limitations and symptoms domains from the Kansas City Cardiomyopathy Questionnaire (KCCQ)

Secondary outcomes

1. Changes in the self-efficacy domain of the Kansas City Cardiomyopathy Questionnaire (KCCQ)
2. Changes in social interference domain of the Kansas City Cardiomyopathy Questionnaire (KCCQ)
3. Changes in quality of life domains of the Kansas City Cardiomyopathy Questionnaire (KCCQ)
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NCT04012060 (LIAR) (Continued)

e I

Change is generic quality of life, assessed with the Physical Component Summary (PCS) of the
Short Form-36 (SF-36).

Changeis generic quality of life, assessed with the Mental Component Summary (MCS) of the Short

Form-36 (SF-36).

Postoperative sternal pain
Perioperative outcomes
Clinical outcomes

Technical success rate of the aortic valve replacement.
10.Hospital length of stay

11.Intensive care length of stay
12.Effective orifice area of the aortic valve prosthesis
13.Need of analgetic drugs
14.Mean pressure gradient of the aortic valve prosthesis

Starting date

13 June 2016

Contact information

Idserd Klop

Notes

Trial complete June 2020. Results not yet published, but author contacted to acquire data for this
review

DATA AND ANALYSES

Comparison 1. Limited versus full sternotomy for aortic valve replacement

Outcome or subgroup title

No. of studies

No. of partici-
pants

Statistical method

Effect size

1.1 Mortality 10 985 Risk Ratio (M-H, Fixed, 95% Cl) 0.93[0.45, 1.94]

1.2 Cardiopulmonary bypass 10 1043 Mean Difference (IV, Random, 95%  10.63 [3.39, 17.88]

time (minutes) Cl)

1.3 Aortic cross-clamp time 12 1235 Mean Difference (IV, Random, 95%  6.07[0.79, 11.35]

(minutes) Cl)

1.4 Length of hospital stay 11 1141 Mean Difference (IV, Random, 95%  -1.09 [-1.90, -0.28]

(days) cl)

1.5 Postoperative blood loss 8 767 Mean Difference (IV, Random, 95%  -153.04 [-245.96,

(mL) cl) -60.12]

1.6 Deep sternal wound infec- 8 868 Risk Ratio (M-H, Fixed, 95% Cl) 0.75[0.32,1.76]

tion

1.7 Pain scores 5 649 Std. Mean Difference (IV, Random, -0.19[-0.43, 0.04]
95% Cl)

1.8 Quality of life 4 624 Mean Difference (IV, Fixed, 95% Cl)  0.03 [0.00, 0.06]

1.9 Index admission costs 2 492 Mean Difference (IV, Fixed, 95% Cl) 1.19[0.42,1.97]
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1.10 Intensive care unit stay 9 1023 Mean Difference (IV, Random, 95%  -0.22 [-0.58, 0.15]

(days) cl)

1.11 Postoperative pulmonary 5 297 Mean Difference (IV, Fixed, 95% Cl)  2.08 [0.74, 3.41]

function tests (% FEV1)

1.12 Re-exploration 13 1355 Risk Ratio (M-H, Fixed, 95% Cl) 0.82[0.50, 1.33]
1.13 Postoperative atrial fibril- 9 1012 Risk Ratio (M-H, Random, 95% Cl) 1.12[0.84,1.51]
lation

1.14 Postoperative ventilation 9 989 Mean Difference (IV, Random, 95%  -0.53[-2.30, 1.24]
time (hours) Cl)

Analysis 1.1. Comparison 1: Limited versus full sternotomy for aortic valve replacement, Outcome 1: Mortality

Limited sternotomy Full sternotomy Risk Ratio Risk Ratio Risk of Bias

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A BCDETFG
Aris 1999a 2 20 2 20 13.9% 1.00 [0.16 , 6.42] R R Y X XX E
Bonacchi 2002 1 40 2 40  13.9% 0.50[0.05, 5.30] e 200060 >
Borger 2015 2 46 1 48 68%  2.09[0.20,2224] [ N X X K.X )
Calderon 2009 0 38 1 39 10.3% 034[0.01,814] — . | ('YX X X X B
Dalén 2018 0 19 2 21 16.6% 0.22[0.01,431] _— o | CEX XXX X )
Michler 1999 1 60 0 60  3.5%  3.00[0.12,72.20] [ S 27900000
Nair 2018 3 118 0 104 37%  6.18[0.32,118.19] -l ., 000000
Rodriguez-Caulo 2021 1 50 2 50 13.9% 0.50 [0.05 , 5.34] [ R XX XX XX
Shneider 2020 0 56 1 56 10.4% 033[0.01,801] _— . | N X XX X K.
Vukovic 2019 1 50 1 50  7.0%  1.00[0.06,15.55] ('YX X XXX )
Total (95% CI) 497 488 100.0% 0.93 [0.45, 1.94]
Total events: 11 12 ?
Heterogeneity: Chi2 = 4.77, df = 9 (P = 0.85); 12 = 0% obl o1 H T 100
Test for overall effect: Z = 0.20 (P = 0.84) Favours limited sternotomy Favours full sternotomy
Test for subgroup differences: Not applicable
Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias): Low risk from non-blinding (objective measures)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

Limited versus full sternotomy for aortic valve replacement (Review) 62

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



1\ Cochrane
é) Library

Trusted evidence.
Informed decisions.

Better health.

Cochrane Database of Systematic Reviews

Analysis 1.2. Comparison 1: Limited versus full sternotomy for aortic
valve replacement, Outcome 2: Cardiopulmonary bypass time (minutes)

Limited sternotomy Full sternotomy Mean Difference Mean Difference Risk of Bias

Study or Subgroup Mean [minutes]  SD [minutes] Total Mean [minutes]  SD [minutes] Total ~ Weight IV, Random, 95% CI [minutes] 1V, Random, 95% CI [minutes] A BCDEFG
Aris 1999a 95 20 20 83 19 20 8.9% 12.00 [-0.09 , 24.09] IS
Borger 2015 68.8 29 46 74.4 284 48 9.0% -5.60[-17.21, 6.01] —_—
Calderon 2009 77.1 13.4 38 713 20.4 39 10.4% 5.80[-1.89, 13.49] P
Dalén 2018 113 36 19 86 26 21 6.3% 27.00 [7.36 , 46.64] [
Dogan 2003 115 6.5 20 107 5.4 20 11.4% 8.00[4.30, 11.70] -
Hancock 2019 82.7 235 135 59.6 15.1 135 11.2% 23.10[18.39, 27.81] -
Moustafa 2007 85.7 6.8 30 90 8.3 30 11.4% -4.30[-8.14,-0.46] =
Nair 2018 82 20.6 118 69.5 235 104 10.9% 12.50[6.65, 18.35] ——
Rodriguez-Caulo 2021 88.32 22.53 50 81.54 20.54 50 10.1% 6.78 [-1.67 , 15.23] ——
Vukovic 2019 98 23 50 72 14 50  10.4% 26.00 [18.54, 33.46] —
Total (95% CI) 526 517 100.0% 10.63 [3.39, 17.88] 0
Heterogeneity: Tau? = 116.19; Chi? = 112.50, df = 9 (P < 0.00001); I> = 92%
Test for overall effect: Z = 2.88 (P = 0.004) -5.0 _25 iS 5‘0
Test for subgroup differences: Not applicable Favours limited sternotomy Favours full sternotomy
Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias): At risk from non-blinding (subjective measures)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

Analysis 1.3. Comparison 1: Limited versus full sternotomy for aortic

valve replacement, Outcome 3: Aortic cross-clamp time (minutes)
Limited sternotomy Full sternotomy Mean Difference Mean Difference Risk of Bias

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI A BCDETFG
Aris 1999a 70 19 20 51 13 20 7.0% 19.00 [8.91, 29.09]

Bonacchi 2002 51.7 12.2 40 52.4 9.8 40 8.8% -0.70 [-5.55 , 4.15] —

Borger 2015 413 203 46 54 20.3 48 7.7%  -12.70 [-20.91, -4.49] [

Calderon 2009 55 9.3 38 50.6 11.9 39 8.8% 4.40 [-0.36 , 9.16] -

Dalén 2018 83 27 19 69 20 21 5.4% 14.00 [-0.85, 28.85] ] ——
Dogan 2003 73 6.5 20 72 6.2 20 9.0% 1.00 [-2.94, 4.94] -

Hancock 2019 64.1 17.1 135 46.3 10.7 135 9.1% 17.80 [14.40, 21.20] —-—
Moustafa 2007 443 31 30 45.5 4 30 9.4% -1.20 [-3.01, 0.61] =

Nair 2018 65.5 16.3 118 52.4 16.3 104 8.9% 13.10 [8.80, 17.40] ——
Rodriguez-Caulo 2021 61.3 14.16 50 58.74 13.69 50 8.6% 2.56 [-2.90, 8.02] i I

Shneider 2020 64.7 13.1 56 65.6 12.5 56 8.8% -0.90 [-5.64 , 3.84] —

Vukovic 2019 72 16 50 52 11 50 8.6% 20.00 [14.62 , 25.38] —
Total (95% CI) 622 613 100.0% 6.07 [0.79, 11.35] ’
Heterogeneity: Tau? = 76.75; Chi2 = 182.39, df = 11 (P < 0.00001); 12 = 94%

Test for overall effect: Z = 2.25 (P = 0.02) _;0 -{0 1§0 ;0

Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias): At risk from non-blinding (subjective measures)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)

(G) Other bias

Favours limited sternotomy

Favours full sternotomy
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Analysis 1.4. Comparison 1: Limited versus full sternotomy for
aortic valve replacement, Outcome 4: Length of hospital stay (days)

Limited sternotomy Full sternotomy Mean Difference Mean Difference Risk of Bias
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI A B CDETFG
Aris 1999a 6.3 2.3 20 6.3 24 20 9.0% 0.00 [-1.46, 1.46] —— ?
Bonacchi 2002 7.2 1.6 40 8.2 2.3 40 11.1% -1.00 [-1.87,-0.13] | ?
Calderon 2009 6 0.32 38 6.18 1.5 39 122% -0.18 [-0.66 , 0.30] P! ?
Dalén 2018 5 0.7 19 6 2.2 21 10.7% -1.00 [-1.99, -0.01] | [ ]
Dogan 2003 9.3 1 20 9.4 1.5 20 11.3% -0.10 [-0.89, 0.69] o ?
Hancock 2019 7.4 7.5 135 6.3 3.1 135 9.3% 1.10 [-0.27 , 2.47] - ®
Moustafa 2007 8 0.83 30 17.7 8.7 30 4.4% -9.70 [-12.83, -6.57] ¢—— ®
Nair 2018 7 29 118 7 29 104 11.4% 0.00 [-0.76 , 0.76] -+ o
Rodriguez-Caulo 2021 8.38 4.06 50 10.33 10.36 50 4.5% -1.95[-5.03, 1.13] RN @
Shneider 2020 14.1 5.1 56 17.9 5.7 56 7.1% -3.80 [-5.80, -1.80] — @®
Vukovic 2019 7.6 2 50 9.3 4.8 50 9.1% -1.70 [-3.14, -0.26] — ®
Total (95% CI) 576 565 100.0% -1.09 [-1.90, -0.28] ‘
Heterogeneity: Tau2 = 1.34; Chi? = 59.42, df = 10 (P < 0.00001); I2 = 83%
Test for overall effect: Z = 2.63 (P = 0.009) _{0 _g é 1§0
Test for subgroup differences: Not applicable Favours limited sternotomy Favours full sternotomy
Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias): At risk from non-blinding (subjective measures)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias
Analysis 1.5. Comparison 1: Limited versus full sternotomy for
aortic valve replacement, Outcome 5: Postoperative blood loss (mL)
Limited sternotomy Full sternotomy Mean Difference Mean Difference Risk of Bias
Study or Subgroup Mean SD Total Mean SD Total  Weight 1V, Random, 95% CI IV, Random, 95% CI A B CDETFG
Aris 1999a 479 274 20 355 159 20 11.1% 124.00 [-14.84 , 262.84] . (X X X XN N
Bonacchi 2002 183 89 40 280 189 40 13.7% -97.00 [-161.74 , -32.26] —_— + [ XX ] ?
Calderon 2009 386 179 38 557 416 39 10.9% -171.00 [-313.43 , -28.57] —_— X KK ?
Dogan 2003 240 69 20 495 165 20 13.3% -255.00 [-333.38 , -176.62] —_— 27 90900 S 2
Hancock 2019 251.7 198.4 135 393.7 378.7 135 13.5% -142.00 [-214.12 , -69.88] —_— LXK K K]
Moustafa 2007 233.3 47.95 30 590 164.74 30 13.8% -356.70 [-418.10 , -295.30] —_— O KON N
Rodriguez-Caulo 2021 299.3 139.7 50 509.5 251.3 50 13.2% -210.20 [-289.90 , -130.50] —. X KX ] +
Vukovic 2019 411 366 50 456 409 50 105% -45.00 [-197.13 , 107.13] JR XXX CXKXKX )
Total (95% CI) 383 384 100.0% -153.04 [-245.96 , -60.12] ’
Heterogeneity: Tau? = 15315.70; Chi2 = 64.01, df = 7 (P < 0.00001); I2 = 89%
Test for overall effect: Z = 3.23 (P = 0.001) _250150 180280
Test for subgroup differences: Not applicable Favours limited sternotomy Favours full sternotomy
Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

(D) Blinding of outcome assessment (detection bias): Low risk from non-blinding (objective measures)
(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias
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Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

64



Trusted evidence.
Informed decisions.
Better health.

Cochrane
Library

O

Cochrane Database of Systematic Reviews

Analysis 1.6. Comparison 1: Limited versus full sternotomy for
aortic valve replacement, Outcome 6: Deep sternal wound infection

Limited sternotomy

Full sternotomy

Risk Ratio

Risk Ratio

Risk of Bias

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A B CDETFG
Bonacchi 2002 0 40 2 40 20.8% 0.20[0.01,4.04] — o | 20006
Borger 2015 2 46 3 48 24.5% 0.70 [0.12, 3.97] — = 7700000
Gofus 2020 0 20 1 20 12.5% 0.33[0.01,7.72) — o | @00 ®"? 2
Miéchler 1999 2 60 1 60 8.3% 2.00[0.19, 21.47] RN R 27200000
Nair 2018 1 118 1 104 8.9% 0.88[0.06 , 13.91] I (XX X XK KX
Rodriguez-Caulo 2021 1 50 1 50 8.3% 1.00 [0.06 , 15.55] + o+ ®+ @+ +
Shneider 2020 1 56 0 56 4.2% 3.00[0.12, 72.10] RN R — P 909200 O
Vukovic 2019 0 50 1 50 12.5% 0.33[0.01,7.99] — o | (XX X XK K]
Total (95% CI) 440 428 100.0% 0.75[0.32, 1.76]

Total events: 7 10
Heterogeneity: Chi2 = 2.70, df = 7 (P = 0.91); 2= 0%

Test for overall effect: Z = 0.67 (P = 0.51)

Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

il

0.01

Favours limited sternotomy

(D) Blinding of outcome assessment (detection bias): Low risk from non-blinding (objective measures)

(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

Analysis 1.7. Comparison 1: Limited versus full sternotomy for aortic valve replacement, Outcome 7: Pain scores

Limited sternotomy

Full sternotomy

Std. Mean Difference

0.1 1 10

Std. Mean Difference

100

Favours full sternotomy

Risk of Bias

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI A B CDETFG
Bonacchi 2002 2.7 0.4 40 3.1 0.8 40 16.9% -0.63[-1.08 , -0.18] —— 20000
Calderon 2009 16 31 38 12 19 39 16.9% 0.15[-0.29, 0.60] JE (XX X XX B
Dogan 2003 1.2 0.3 20 14 0.4 20 10.6% -0.55[-1.19, 0.08] J— 2720000 2
Hancock 2019 3.4 2.4 135 3.7 2.7 135 29.8% -0.12[-0.36, 0.12] . R e NSRS
Nair 2018 3.5 2.5 100 3.7 2.4 82 25.9% -0.08 [-0.37, 0.21] J + + OO+ + O
Total (95% CI) 333 316 100.0% -0.19 [-0.43 , 0.04] <o

Heterogeneity: Tau? = 0.03; Chi2 = 7.93, df = 4 (P = 0.09); I2 = 50%

Test for overall effect: Z = 1.60 (P = 0.11) 1 05 05 1

Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

Favours limited sternotomy

(D) Blinding of outcome assessment (detection bias): At risk from non-blinding (subjective measures)

(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

Favours full sternotomy

Limited versus full sternotomy for aortic valve replacement (Review)
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Analysis 1.8. Comparison 1: Limited versus full sternotomy for aortic valve replacement, Outcome 8: Quality of life

Limited sternotomy Full sternotomy

Mean Difference

Mean Difference Risk of Bias

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI A BCDETFG
Borger 2015 0.9 0.1 51 0.9 0.1 49 46.4%  0.00 [-0.04, 0.04] L

Hancock 2019 0.798 0.194 118 0.751 0.221 112 24.6%  0.05[-0.01,0.10] P

Nair 2018 0.74 0.23 106 0.71 0.21 88 18.6%  0.03[-0.03, 0.09] J

Rodriguez-Caulo 2021 0.83 0.13 50 0.71 0.27 50 10.3% 0.12[0.04, 0.20] ——

Total (95% CI) 325 299 100.0% 0.03 [0.00, 0.06] ‘

Heterogeneity: Chi2 = 7.14, df = 3 (P = 0.07); I> = 58%

Test for overall effect: Z = 2.17 (P = 0.03) 02 01 0 01 02

Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

(D) Blinding of outcome assessment (detection bias): At risk from non-blinding (subjective measures)
(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

Favours full sternotomy

Favours limited sternotomy

(G) Other bias
Analysis 1.9. Comparison 1: Limited versus full sternotomy for
aortic valve replacement, Outcome 9: Index admission costs
Limited sternotomy Full sternotomy Mean Difference Mean Difference Risk of Bias
Study or Subgroup Mean [£000s]  SD [£000s] Total Mean [£000s]  SD [£000s] Total  Weight IV, Fixed, 95% CI [£000s] 1V, Fixed, 95% CI [£000s] A B CDEF
Hancock 2019 8.815 4.517 135 7.674 2.055 135 85.9% 1.14[0.30, 1.98] +
Nair 2018 10.724 8.85 104 9.226 6.511 118 14.1% 1.50[-0.57, 3.57] —_—)
Total (95% CI) 239 253 100.0% 1.19[0.42,1.97] ’
Heterogeneity: Chi2 = 0.10, df = 1 (P = 0.75); I2= 0%
Test for overall effect: Z = 3.01 (P = 0.003) o 1 b3

Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Incomplete outcome data (attrition bias)

(E) Selective reporting (reporting bias)

(F) Other bias

Favours limited sternotomy Favours full sternotomy
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Analysis 1.10. Comparison 1: Limited versus full sternotomy for
aortic valve replacement, Outcome 10: Intensive care unit stay (days)

Limited sternotomy Full sternotomy Mean Difference Mean Difference Risk of Bias
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI A B CDETFG
Aris 1999a 1.83 0.7 20 1.94 1 20 12.4% -0.11 [-0.64, 0.42] — [ X ) ?
Bonacchi 2002 1.1 0.4 40 1.4 0.8 40  155% -0.30 [-0.58 , -0.02] — ® + ?
Dogan 2003 1.2 0.1 20 2.1 0.9 20 14.2% -0.90 [-1.30,, -0.50] — ( X ] ?
Hancock 2019 1.9 5.9 135 13 1.1 135 7.3% 0.60 [-0.41, 1.61] RN ®e @
Moustafa 2007 0.3 0.15 30 1.15 0.61 30 16.0% -0.85 [-1.07 , -0.63] I [ X ) @®
Nair 2018 2.3 3.9 118 1.4 2.4 103 8.9% 0.90[0.06 , 1.74] - . (X ) ®
Rodriguez-Caulo 2021 3.65 3.01 50 5.06 6.85 50  2.6% -1.41[-348,066] ¢ | ®e @
Shneider 2020 1.6 0.6 56 17 0.7 56 15.9% -0.10 [-0.34, 0.14] el X ) ®
Vukovic 2019 2.8 3.4 50 2.3 1.4 50 7.3% 0.50 [-0.52, 1.52] R e — [ X ) o
Total (95% CI) 519 504 100.0% -0.22 [-0.58 , 0.15]
Heterogeneity: Tau? = 0.20; Chi2 = 45.77, df = 8 (P < 0.00001); I2 = 83% ﬁ
Test for overall effect: Z = 1.17 (P = 0.24) _E j1 0 i é

Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

(D) Blinding of outcome assessment (detection bias): At risk from non-blinding (subjective measures)
(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

Favours limited sternotomy

Favours full sternotomy

(G) Other bias
Analysis 1.11. Comparison 1: Limited versus full sternotomy for aortic valve
replacement, Outcome 11: Postoperative pulmonary function tests (% FEV1)
Limited sternotomy Full sternotomy Mean Difference Mean Difference Risk of Bias
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI A BCDETFG
Aris 1999a 62 16 20 52.6 12 20 2.3% 9.40 [0.63, 18.17]
Bonacchi 2002 80.8 18.6 40 81.7 21.5 40 2.3% -0.90[-9.71, 7.91] R
Calderon 2009 53.4 15.6 38 55 16 39 3.6% -1.60 [-8.66 , 5.46] R
Gofus 2020 67 14.9 20 61 12.4 20 2.5%  6.00[-2.50, 14.50]
Moustafa 2007 80.47  2.7934 30 78.47  2.7934 30 89.3% 2.00[0.59, 3.41] .
Total (95% CI) 148 149 100.0% 2.08[0.74, 3.41] ‘
Heterogeneity: Chi2 = 4.99, df = 4 (P = 0.29); 12 = 20%
Test for overall effect: Z = 3.04 (P = 0.002) ,2'0 _1'0 0 1'0 2'0

Test for subgroup differences: Not applicable Favours full sternotomy
Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

(D) Blinding of outcome assessment (detection bias): At risk from non-blinding (subjective measures)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Favours limited sternotomy

Limited versus full sternotomy for aortic valve replacement (Review)
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Analysis 1.12. Comparison 1: Limited versus full sternotomy

for aortic valve replacement, Outcome 12: Re-exploration

Limited sternotomy Full sternotomy Risk Ratio Risk Ratio Risk of Bias

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI A BCDETFG
Bonacchi 2002 0 40 3 40 10.3% 0.14[0.01, 2.68] [ 20000 >
Borger 2015 1 46 1 48 2.9% 1.04[0.07 , 16.20] A 7700000
Calderon 2009 0 38 2 39 7.3% 0.21[0.01, 4.14] [ (X X X X X N
Dalén 2018 1 19 1 21 2.8% 1.11[0.07 , 16.47] R 200000
Dogan 2003 1 20 1 20 2.9% 1.00 [0.07 , 14.90] S 2720000
Gofus 2020 1 20 2 20 5.9% 0.50 [0.05 , 5.08] - . 006" 2 2
Hancock 2019 2 135 5 135 14.7% 0.40[0.08, 2.03] N C XK N N
Mechler 1999 5 60 3 60 8.8% 1.67[0.42 , 6.66] R 27900000
Moustafa 2007 5 30 2 30 5.9% 2.50[0.53, 11.89] . N XN NN
Nair 2018 5 118 2 104 6.2% 2.20[0.44,11.12] N I (XX KK X ]
Rodriguez-Caulo 2021 3 50 2 50 5.9% 1.50 [0.26 , 8.60] R X KX KK
Shneider 2020 2 56 7 56 20.6% 0.29[0.06, 1.32] S 9009000 O
Vukovic 2019 1 50 2 50 5.9% 0.50 [0.05, 5.34] JEE R CE X KX KN )
Total (95% CI) 682 673 100.0% 0.82[0.50, 1.33]

Total events: 27 33 ?

Heterogeneity: Chi? = 10.08, df = 12 (P = 0.61); I = 0%

Test for overall effect: Z = 0.81 (P = 0.42)
Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias): Low risk from non-blinding (objective measures)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

0.005

0.1

Favours limited sternotomy

1

10 200
Favours full sternotomy

(G) Other bias
Analysis 1.13. Comparison 1: Limited versus full sternotomy for
aortic valve replacement, Outcome 13: Postoperative atrial fibrillation
Limited sternotomy Full sternotomy Risk Ratio Risk Ratio
Study or Subgroup Events Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI A B CDETFG
Aris 1999a 4 20 2 20 31% 2.00[0.41,9.71] I Y X X X X X
Bonacchi 2002 4 40 3 40 3.7% 1.33[0.32, 5.58] | . 20000 >
Dalén 2018 7 19 6 21 8.2% 1.29[0.53, 3.16] . @®°200000
Gofus 2020 7 20 7 20 9.0% 1.00 [0.43 , 2.33] N S 00O 2 2
Hancock 2019 51 135 42 135 24.4% 1.21[0.87, 1.69] Jm o+ o+ O+ o+
Michler 1999 1 60 16 60 2.0% 0.06[0.01,0.46] ——0 277000060
Nair 2018 43 118 27 104 21.3% 1.40[0.94, 2.10] J 000 OO®O
Rodriguez-Caulo 2021 13 50 17 50  14.1% 0.76 [0.42 , 1.40] I CTXXXXXXxl
Vukovic 2019 17 50 13 50  14.1% 1.31[0.71, 2.40] P (XX X XXX
Total (95% CI) 512 500 100.0% 1.12[0.84, 1.51]
Total events: 147 133
Heterogeneity: Tau? = 0.06; Chi2 = 12.53, df = 8 (P = 0.13); I2 = 36% 0.2 05 1 3 5

Test for overall effect: Z = 0.78 (P = 0.44)
Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias): Low risk from non-blinding (objective measures)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Favours limited sternotomy

Favours full sternotomy
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Analysis 1.14. Comparison 1: Limited versus full sternotomy for aortic
valve replacement, Outcome 14: Postoperative ventilation time (hours)

Limited sternotomy Full sternotomy Mean Difference Mean Difference Risk of Bias

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI A B CDETFG
Aris 1999a 9.9 8 20 9.9 45 20 7.8% 0.00 [-4.02 , 4.02] [ S 20006000
Bonacchi 2002 4.4 0.9 40 53 1.8 40 12.8%  -0.90[-1.52,-0.28] . 0000
Calderon 2009 6.3 29 38 58 3.8 39 11.9% 0.50 [-1.01, 2.01] e 209000 ®
Dogan 2003 13 1.3 20 132 15 20 12.6% -0.20 [-1.07 , 0.67] . 272 000® »
Hancock 2019 9.6 5.6 135 9.8 6.9 135 11.9% -0.20 [-1.70 , 1.30] JR 0000000
Moustafa 2007 2 0.3 30 6.4 1.1 30 13.0%  -440[-4.81,-399] X X KK
Nair 2018 13.1 18.5 118 10.5 7.1 104 85% 2,60 [-1.01, 6.21] 4 . , ®©®0000006
Rodriguez-Caulo 2021 48 2.5 50 6.87  10.36 50 9.6% -2.07[-5.02,088] . | XX X X XX
Vukovic 2019 13.7 3.8 50 12.7 4 50  11.9% 1.00 [-0.53, 2.53] J (XX X XX X ]
Total (95% CI) 501 488 100.0% -0.53 [-2.30, 1.24]
Heterogeneity: Tau? = 6.25; Chi2 = 189.06, df = 8 (P < 0.00001); I = 96%
Test for overall effect: Z = 0.59 (P = 0.55) _i‘ _E 0 é j‘
Test for subgroup differences: Not applicable Favours limited sternotomy Favours full sternotomy
Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias): At risk from non-blinding (subjective measures)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

APPENDICES

Appendix 1. Search strategies

CENTRAL

#1 MeSH descriptor: [Aortic Valve] this term only

#2 (aortic valve* near/3 (operation* or replace* or surgery)):ti,ab,kw

#3 #1 or #2

#4 MeSH descriptor: [Minimally Invasive Surgical Procedures] this term only

#5 MeSH descriptor: [Robotics] this term only

#6 MeSH descriptor: [Thoracoscopy] explode all trees

#7 MeSH descriptor: [Sternotomy] this term only

#8 minim* invasiv*:ti,ab,kw

#9 ((surgical or surgery or surgeries or replacement* or operation*) near/3 minim*):ti,ab,kw

#10 ((surgery or surgeries or surgical) near/3 (keyhole or percutaneous or robot-assisted)):ti,ab,kw

#11 thoracoscop*:ti,ab,kw

#12 pleuroscop*:ti,ab,kw

#13 ("hemi-sternotomy" or "mini-sternotomy"):ti,ab,kw

#14 #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 or #12 or #13

#15#3 and #14

MEDLINE Ovid

1. Aortic Valve/
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. (aortic valve* adj3 (operation* or replace* or surgery)).tw.

N

3.1or2

N

. Surgical Procedures, Minimally Invasive/

(6]

. Robotics/

6. Thoracoscopy/

~

. Sternotomy/

8. minim* invasiv*.tw.

9. ((surgical or surgery or surgeries or replacement* or operation*) adj3 minim*).tw.
10. ((surgery or surgeries or surgical) adj3 (keyhole or percutaneous or robot-assisted)).tw.
11. thoracoscop™.tw.

12. pleuroscop*.tw.

13. ("hemi-sternotomy" or "mini-sternotomy").tw.

14. or/4-13

15.3and 14

16. exp animals/ not humans.sh.

17.15not 16

18. randomized controlled trial.pt.

19. controlled clinical trial.pt.

20. randomized.ab.

21. placebo.ab.

22. drug therapy.fs.

23. randomly.ab.

24. trial.ab.

25. groups.ab.

26.180r190r200r210or220r230r24o0r25

27. exp animals/ not humans.sh.

28.26 not 27

29.17 and 28

Embase Ovid

1. Aorta Valve/

2. (aortic valve* adj3 (operation* or replace™ or surgery)).tw.
3.1or2

4. Minimally Invasive Surgery/

5. Robotics/

6. Thoracoscopy/
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7. Sternotomy/

8. minim* invasiv*.tw.

9. ((surgical or surgery or surgeries or replacement* or operation*) adj3 minim*).tw.
10. ((surgery or surgeries or surgical) adj3 (keyhole or percutaneous or robot-assisted)).tw.
11. thoracoscop™.tw.

12. pleuroscop*.tw.

13. ("hemi-sternotomy" or "mini-sternotomy").tw.

14. or/4-13

15.3and 14

16. random$.tw.

17. factorial$.tw.

18. crossoverS.tw.

19. cross overS.tw.

20. cross-overS$.tw.

21. placeboS.tw.

22. (doubl$ adj blindS$).tw.

23. (singl$ adj blind$).tw.

24, assign$.tw.

25. allocat$.tw.

26. volunteerS$.tw.

27. crossover procedure/

28. double blind procedure/

29. randomized controlled trial/

30. single blind procedure/

31.16 0r170r18 or19or200r21or22or23or24or250r26or27or28or29or30
32. (animal/ or nonhuman/) not human/

33.31not 32

34.15and 33

Clinicaltrials.gov

"aortic valve" AND ("minimally invasive" OR "hemi-sternotomy" OR "mini-sternotomy")
WHO International Clinical Trials Registry Platform

"aortic valve" AND ("minimally invasive" OR "hemi-sternotomy" OR "mini-sternotomy")

WHAT'S NEW
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Date Event Description

6 December 2023 New search has been performed Identification of at least two new high-profile trials on minimally
invasive aortic valve replacement prompted a review update.

1. The literature search was updated.

2. Methodology was revised to bring in line with contempora-
neous Cochrane guidance including the use of GradePRO and
summary of findings table outcome selection.

3. Additional authors with expertise in the subject area were in-
volved (EO and ADM).

4. Seven new studies with 887 additional participants were in-

cluded.
6 December 2023 New citation required and conclusions Seven new studies identified following updated literature
have changed search.

HISTORY

Protocol first published: Issue 8,2015
Review first published: Issue 4,2017

CONTRIBUTIONS OF AUTHORS

BHK: guarantor of the review and conceived, designed, and co-ordinated the review and update.

BHK, SGJ, ADM: data collection, including search strategy design, searching, screening, retrieval, appraisal, and data extraction.
BHK, SGJ: additional data from papers, unpublished data, and industry evidence.

DAC, RINNW, SCM, ADM, EFA: review and arbitration of papers.

BHK: data entry.

All review authors: analysis and interpretation of data.

BHK, SGJ: writing the review.

DAC, RINNW, SCM, ADM, EFA: expert advice on content of review.

DECLARATIONS OF INTEREST

BHK: recipient of an unrestricted grant from Edwards LifeSciences in 2017 to undertake a minimally invasive cardiac surgery fellowship. This
was paid to the institution to cover salary only and was limited to a six-month period with no other conditions or financial benefit. Edwards
manufactures the rapid-deployment valve that was utilised in one arm of one study (Borger 2015) but can be used in either minimally
invasive or full sternotomy aortic valve replacement (i.e. either interventions in the review), and would not therefore gain financially
regardless of the outcome of the review. BHK was a co-author on an included study (Hancock 2019) and therefore had no involvement in
the screening, data extraction or risk of bias assessment for this study.

SGJ: none known.
ADM: has a practice that includes minimally invasive aortic valve replacement.

SCM consults for Edwards Lifesciences, a manufacturer of equipment for minimal incision surgery. He is on the Advisory Board for
Minimally Invasive Surgery, as well as being a member of the Speaker's Bureau. He is also an investigator on the PARTNER Il trial, a
prospective, multicentre, open-label trial of people undergoing aortic valve surgery for severe aortic stenosis that includes transcatheter
valve implantation strategies. He received personal honoraria from Edwards LifeSciences, Medtronic and Cryolife from 2019 to 2020, who
manufacture valves that may have been included in the review. As a result, he was not involved in screening of titles or abstracts, did not
assess full-texts or contribute to data extraction (except for arbitration) and did not engage in assessing risk of bias or certainty of evidence
assessments.

DC: has a practice that includes minimally invasive aortic valve replacement.
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RJNNW: has a practice that includes minimally invasive aortic valve replacement.

EFA: has a practice that includes minimally invasive aortic valve replacement. EFA was a co-author on an included study (Hancock 2019)
and therefore had no involvement in the data extraction or risk of bias assessment for this study.

SOURCES OF SUPPORT

Internal sources

« Liverpool Heart and Chest Hospital, UK
Financial support in retrieving relevant papers

External sources

« NIHR, UK

This project was supported by the National Institute for Health and Care Research, via Cochrane Infrastructure funding to the Heart
Group until 31 March 2023. The views and opinions expressed herein are those of the authors and do not necessarily reflect those of the
Evidence Synthesis Programme, NIHR, NHS or the Department of Health and Social Care

DIFFERENCES BETWEEN PROTOCOL AND REVIEW

Changes to outcome measures

Major adverse cardiovascular and cerebrovascular outcomes was removed from our list of primary outcome measures. It had not been
seen as frequently in the trials as we had anticipated. Although, as a clinical measure, it would have been useful to see the results of this
reported, it became apparent that composite outcomes were subject to even greater variability in definition and were therefore unreliable.
We have therefore removed it for the August 2021 search date update, along with composite multi-organ failure.

We amended one of our secondary outcome measures from 'Blood loss and transfusion requirements' to 'Postoperative blood loss' as
transfusion requirements were typically not stated, and transfusion protocols differed between studies. However, we identified three
outcome measures of interest that were reported in several studies and which we proceeded to perform analysis on: intensive care unit
stay, lung function tests, and re-exploration for bleeding. Following review, we also added incidence of postoperative atrial fibrillation and
ventilation time. In the updated review, we responded to our acquired knowledge of quality of life reporting in these trials, which were
clustered around 6 to 12 weeks postsurgery. This made sense, rather than the longest follow-up, as peak differences in quality of life can
be clinically expected at this time.

We renamed several outcome measures according to the wording most commonly used in the included studies, in order to bring our
review in line with the accepted nomenclature. Although the clinical outcomes did not change, this allowed for standardisation across our
review. We changed all-cause mortality to mortality; total hospital stay to length of hospital stay; sternal wound infection to deep sternal
wound infection; intensive care unit length of stay to intensive care unit stay; postoperative lung function tests to postoperative pulmonary
function tests; and costs of surgery to index admission costs.

The original review had presented all our outcomes in the summary of findings table, but in this version of the review, we followed newer
Cochrane Handbook and editorial guidance more closely and limited the outcomes presented to the most clinically-relevant ones.

INDEX TERMS

Medical Subject Headings (MeSH)

Aortic Valve [surgery]; *Aortic Valve Disease; Pain; Prospective Studies; Quality of Life; Randomized Controlled Trials as Topic;
Retrospective Studies; State Medicine; Sternotomy [adverse effects]; *Surgical Wound

MeSH check words

Humans
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