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Introduction

For almost a decade, we have prepared these reviews of the
surgical literature. Aswith every repeating process, changes in
content and style occur. While we believe that the mere
summary of selected publications that we presented in the
beginningsmay be outdated, we began to apply a mechanistic
perspective wherever possible, asking how individual data
may fit into a common and plausible concept. Such an activity
has generated the concept of surgical collateralization, for

instance, which solved many contradictions in publications
on coronary artery disease (CAD) treatment. We have subse-
quently tried to apply this principle also to the other areas of
this review.Wehope the reader appreciates our efforts, which
are strictly adherent to the commonprinciple that everyone is
entitled to his or her own opinion, but not to his or her own
facts. In other words, readersmay not agreewith our interpre-
tation of the data, but they can rest assured that the quoted
data and associations are accurate.
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Abstract PubMed displayed almost 37,000 hits for the search term “cardiac surgery AND 2022.”
As before, we used the PRISMA approach and selected relevant publications for a
results-oriented summary. We focused on coronary and conventional valve surgery,
their overlap with interventional alternatives, and briefly assessed surgery for aorta or
terminal heart failure. In the field of coronary artery disease (CAD), key manuscripts
addressed prognostic implications of invasive treatment options, classically compared
modern interventions (percutaneous coronary intervention [PCI]) with surgery (coro-
nary artery bypass grafting [CABG]), and addressed technical aspects of CABG. The
general direction in 2022 confirms the superiority of CABG over PCI in patients with
anatomically complex chronic CAD and supports an infarct-preventative effect as
underlying mechanism. In addition, the relevance of proper surgical technique to
achieve durable graft patency and the need for optimal medical treatment in CABG
patients was impressively illustrated. In structural heart disease, the comparisons of
interventional and surgical techniques have been characterized by prognostic and
mechanistic investigations underscoring the need for durable treatment effects and
reductions of valve-related complications. Early surgery for most valve pathologies
appears to provide significant survival advantages, and two publications on the Ross
operation prototypically illustrate an inverse association between long-term survival
and valve-related complications. For surgical treatment of heart failure, the first
xenotransplantation was certainly dominant, and in the aortic surgery field, innova-
tions in arch surgery prevailed. This article summarizes publications perceived as
important by us. It cannot be complete nor free of individual interpretation, but
provides up-to-date information for decision-making and patient information.
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Methods

We used the PRISMA (Preferred Reporting Items for System-
atic Reviews and Meta-Analyses) approach for a systematic
literature review. TheMEDLINE databasewas searched using
the following search terms combined with the publication
datebeing between January 1 andDecember 28, 2022, for the
different chapters of this manuscript: Coronary Artery By-
pass Grafting; Aortic Valve; TAVI; Aortic Valve Disease;
Mitral Valve Surgery; MitraClip; TEER; Tricuspid Valve;
Aortic Aneurysm; Aortic dissection; LVAD; Mechanical Cir-
culatory Support and Heart Transplantation; Clinical Trial.
►Supplementary Fig. S1 (available in the online version
only) shows the PRISMA diagram for the literature review.
We selected publications based on their value for indications,
decision-making, and patient information. Manuscripts with
focus on individual technical details without relevant infor-
mation for the above-described goals were omitted.

Surgical Treatment of Coronary Artery
Disease

The ISCHEMIA trial (showing no survival impact of an inva-
sive diagnostic and treatment approach for symptomatic
patients with inducible ischemia on medical therapy) and
the recent REVIVED trial (showing no survival impact for
percutaneous coronary intervention [PCI] compared with
medical therapy in patients with ischemic heart failure and
inducible ischemia) brought up concern about the prognos-
tic impact of invasive CAD treatment for chronic coronary
syndrome. Since a small fraction of patients in the invasive
arm of ISCHEMIA were treated with coronary artery bypass
grafting (CABG), this concern (that primarily affects PCI) is
currently also applied to CABG.1 Summarizing PCI and CABG
under the term “revascularization” is not helpful in this
context. We have specifically addressed this issue in 20212

and 20223 and concluded that the term revascularization is
scientifically inappropriate and for patients misleading
(►Fig. 1A). The literature in 2022 impressively underscores
the individual ability of CABG (but not PCI) to prolong life in
patients with appropriate indications (i.e., with anatomically
complex CAD).

An important publication in this context is the meta-
analysis of Gaudino et al,4 who demonstrate a significant
survival advantage of CABG over medical therapy assessing
all randomized controlled trials (total of 2,523 patients)
where CABG and PCI was compared, and patients received
at least aspirin, statins, and β-blockers (►Fig. 1B). The
previous demonstration of this effect was from the 1990s
and was heavily criticized because of the outdated medical
therapy in the more than 30-year-old trials. Gaudino et al
now repeat the findings with patients from trials using
contemporary medical therapy. It is interesting that medical
and surgical therapy have been complementary throughout
the years, which is also visible in 2022. Heer et al, for
instance, demonstrated in patients from the “Ticagrelor in
CABG” trial that optimal medical therapy after CABG reduces
mortality and adverse events significantly.5 Furthermore, an

individual patient datameta-analysis of four trials shows the
addition of ticagrelor to the medication of post-CABG
patients improves patency rates of bypass grafts (although
at the cost of more bleeding events6). These findings are all
consistent with the infarct-preventative effect of both CABG
(by surgical collateralization) andmedical therapy (primarily
by inhibiting thrombus formation and slowing CAD
progression3).

Fig. 1 (A) Summary of the different treatment mechanisms exploited
by PCI and CABG for the invasive treatment of coronary artery disease
(CAD)3 (reproduced with permission from Doenst et al). (B)
Cumulative mortality from a patient-level meta-analysis of four trials
comparing CABG to contemporary medical therapy4 (reproduced
with permission from Gaudino et al). (C) Long-term mortality after
CABG or PCI of propensity-matched patients from studies published in
2022.15,17,18,28
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These mechanistic considerations may also explain all
presumably conflicting publications in 2022. Senior et al7

assessed the Ischemia trial population for the ability to
detect left main disease. They found that stress testing was
not well suited to detect the presence of significant left main
CAD and that anatomic imaging is required. Ono et al8

reported no influence of the presence of a proximal left
anterior descending artery lesion for the selection of PCI or
CABG in the SYNTAXES patient population, and Ninomiya
et al9 showed that CABG is better than PCI if bifurcation
lesions are present. These and other data may appear con-
tradictory. However, seen through the mechanistic lenses of
surgical collateralization and infarct prevention (►Fig. 1A), it
is not the individual lesion that causes CABG and PCI to differ
in their effect, but the general risk of coronary events. If high,
CABG is superior, and if low, PCI is noninferior.10However, it
is important to underscore that this suggested mechanism is
a hypothesis that has not been and cannot be fully proven,
but the available evidence is in impressive support of its
value.

Both the individual patient datameta-analysis of all CABG
versus PCI trials in chronic coronary syndrome11 and the
newer FAME 3 trial (reviewed in detail last year)12 speak for
CABG in more complex CAD. Since randomized trials reflect
the average treatment effects for an often-selected patient
population, we reasoned that risk-adjusted registry data are
likely to reflect the actual treatment effect for most patients
in a specific region.We therefore systematically searched the
literature for registry studies comparing CABG and PCI in
chronic CAD in which the region can be identified.13 We
found 22 studies, of which 19were propensity risk–adjusted,
from around the world. The great majority of these studies
(74%) demonstrated a significant advantage in long-term
mortality and major adverse cardiovascular event for CABG
over PCI. There was aweighted actual mortality difference of
almost 6% in the CABG group in the long-term follow-up. We
also found a piece of information that appears very relevant
for patient counseling. Mortality after 30 days in those all-
comers registry analyses was not different after CABG or PCI
(1.68 vs 1.54%). Values were somewhat higher than in
previous publications from randomized trials, but the gen-
eral finding was identical to the randomized trials.14 A real-
world examination of invasive treatment strategies in
patients fromOntario, Canada, with left main disease treated
with PCI or CABG between 2008 and 2020 supports this
finding in 1,128 propensity-matched pairs. In-hospital mor-
tality was 3.7% in PCI and 3.8% in CABG patients (p¼0.91)
and survival at 7 years was significantly better with CABG
(►Fig. 1C).15 Thus, based on the currently available evidence,
one may state that CABG is certainly more invasive than PCI,
but for the treatment of chronic coronary syndromes it
appears not to be more dangerous with respect to mortality.

The comparative investigations of CABG and PCI in 2022
presented again some studies suggesting equal outcomes
between PCI and CABG, specifically with non-ST elevation
myocardial infarction.16 Our global review and the most
recently appearing publications, however, broadly support
superiority of CABG over PCI in properly selected patients.

For instance, an Israeli analysis comparing CABG and PCI in
patients with acute coronary syndrome demonstrated in
2022 survival advantages for CABG in diabetic patients17

(►Fig. 1C). A Canadian analysis of all patients undergoing
CABG or PCI for multivessel disease in Ontario shows a
survival advantage for CABG, if multiple grafts were placed18

(►Fig. 1C). Tasoudis et al performed ameta-analysis of CABG
versus PCI studies in dialysis patients and also demonstrated
a long-term-survival advantage for CABG, although this
advantage was associated with higher periprocedural mor-
tality.19 Finally, a single-center retrospective analysis on
patients with complete total occlusions receiving CABG or
PCI also demonstrated better survival with CABG.20

Since this repeated superiority of CABG ismostly visible in
registry-type data, significant biases are likely. However, the
overwhelming number of publications pro-CABG and the
lack of data demonstrating superiority of PCI make the need
for shared decision-making on a broad scale very important
for optimal patient counseling. The study by El-Andari et al21

provides impressive support for this statement. The authors
analyzed nearly 28,000 patients from twocenters (A andB) in
the same jurisdiction in Canada who underwent coronary
catheterization for suspected CAD in 2017 and 2018. Only
center B applied a full heart team review in all patients. There
were more than three times the number of PCIs (47 vs 12.8%,
p<0.01) and only two-thirds of CABG procedures (8.5 vs
13.3%, p>0.001) in center A. At the same time, 1-year
mortality was significantly higher compared with center B
(4.6 vs 3.9%, p¼0.004). Thus, proper patient-selection cur-
rently appears to be the greatest treatment effect modifier,
with a complete heart team approach scoring best.

To exploit the optimal CABG treatment effect, grafts must
stay patent. In 2022, a new controversy arose among sur-
geons because the value of the highly appraised but rarely
performed bilateral internal thoracic artery grafting was
scrutinized with unexpectedly poor outcome data. Alboom
et al22 showed very poor rates of long-term patency for the
left internal thoracic artery (RITA) in patients enrolled in the
COMPASS trial, with occlusion rates of up to 27% versus
around 10% for saphenous vein graft and radial artery at
1 year. Other publications demonstrated excellent long-term
patency for the radial artery as secondgraft in a single-center
retrospective analysis23 and again others showed less intimal
hyperplasia in grafted veins, if they were supported by an
external stent.24 A pooled data meta-analysis (PDMA) of four
randomized trials finally suggested a survival advantage of
using the radial artery over vein or RITA as second grafts25

(►Fig. 2A). To complete this confusion, Urso et al26 presented
the best long-term outcomes with bilateral internal thoracic
artery grafting compared with left internal thoracic artery
plus radial artery, but the differences only appeared after
10 years. We reviewed various factors influencing patency of
grafts27 and suggested that surgical precision and experience
taking all factors into account may influence patency rates
more than only one factor (such as graft type, degree of
competitive flow, or target vessel quality; ►Fig. 2B). It is
conceivable that this suggestion explains the apparent dis-
crepancies in the data. Finally, Bianco et al28 demonstrated
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the immense power of fully arterial bypass grafting in a
propensity-matched comparison of selected patients to PCI.
Although the study appears heavily biased (because only
those having received fully arterial bypass surgery were
compared with patients selected from all PCI patients of
that hospital), the 50% mortality reduction may serve as
prototypical illustration of the possible dimension of an
individual treatment effect (►Fig. 1C).

In conclusion:

• The evidence supporting CABG as gold standard for the
treatment of CAD, specifically in multivessel disease
and/or high anatomic complexity, continues to increase.

• In patients selected for CABG around theworld, long-term
survival appears to be superior to that from patients with
PCI, independent of the geographic location. Importantly,
there appears to be no difference in 30-day mortality
between CABG and PCI in risk-adjusted patients.

• Graft patency is key for a CABG treatment effect. In 2022,
evidence for the radial artery as best second graft grew
and long-term patency of the RITA was questioned.

• Patient selection for and surgical precision during CABG
appear to be the greatest surgical effect modifiers in
current times.

Surgical Treatment of Valve Disease

Aortic Valve
After publication of the new valve guidelines in 2021 and the
ramifications of the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) pandemic, the quantitative
care of patients with aortic valve stenosis has made another
shift toward transcatheter aortic valve implantation (TAVI).
In Germany, 80% of all invasively treated aortic stenosis
patients received a TAVI.29 The initial competition of surgical
aortic valve replacement (SAVR) and TAVI has calmed down
in 2022, and publications now mainly addressed prognostic
and technical surgical aspects as well as investigations into
the impact and management of valve-related complications.

Myers et al published a position statement of the joint
surgical societies addressing strengths and weaknesses of
the definition of outcomemeasures for valve research (VARC
3 criteria),30 the lecture of which can only be recommended.

The only new randomized TAVI versus SAVR comparison
was the UK TAVI trial, in which treatments of patients with
moderate risk above 70 years were compared. The primary
end point (1-year mortality) was not different, adding to the
plethora of information that finds similar or slightly better
short-termoutcomeswith TAVI. Chung et al31 illustrate these
better short-term outcomes by demonstrating more days at
home with TAVI than with SAVR in the first year after
treatment based on assessment of the U.S. CoreValve High
Risk trial patients. TAVI patients spent on average �4 weeks
more at home in the first year than SAVR patients. There was
no difference any more in the 4 years to come.

The current status here can be summarized as follows:
SAVR patients have slightly higher postprocedural gradients
and more postprocedural atrial fibrillation (AF), while TAVI
patients require more pacemakers, have more thrombus
formation on the valve (hypoattenuating leaflet thickening
[HALT]), more paravalvular leaks, and possibly worse surviv-
al at longer follow-up.32 The latter finding is supported also
in 2022 from a Polish registry analysis (►Fig. 3A)33 that
repeats registry outcomes from Germany, Italy, and France,
demonstrating better survival with SAVR after 5 years, while
short-term outcomes are either the same or better with TAVI.
These findings cannot be explained by early TAVI degenera-
tion (structural valve degeneration [SVD]), which was long
considered the Achilles heel of TAVI. O’Hair et al34 demon-
strate in a post hoc analysis of patients from three interme-
diate to high-risk trials (U.S. CoreValve High Risk Pivotal,
SURTAVI, and CoreValve Extreme Risk Pivotal) that at 5 years
SVD appears even higher in SAVR than in TAVI using Cor-
eValve. The potential difference in survival may therefore
arise from a combination of events and not directly from one
factor. Since the guidelines give a strict age cutoff (primary
recommendation for TAVI above 75 years and for SAVR below

Fig. 2 (A) Mortality of patients from an individual patient data meta-analysis comparing long-term outcomes after CABG with left internal
thoracic artery (LITA) plus either vein (LITA-SVG), radial artery (LITA-RA), or right internal thoracic artery (RITA)25 (reproduced with permission
from Gaudino et al). (B) Table of factors affecting graft patency in CABG27 (reproduced with permission from Doenst et al).
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75 years in low-risk patients), the plausible conclusion from
these data (i.e., to individually decide based on residual life
expectancy and fitness to undergo SAVR) is left to the local
heart team.

Similarities between TAVI and SAVR up to 5 years were
also reported by the U.S. CoreValve investigators35 and from
the GARY registries for patients with mild-moderate chronic
kidney disease.36 Efforts to reduce stroke rates in TAVI
(which have thus far been similar in most TAVI/SAVR com-
parisons) by utilizing embolic protection devices (CEPs) in
the PROTECTED TAVR trial have failed to show any measur-
able effect. The study showed in 3,000 patients who received
a TAVI with or without CEP, 2.3 or 2.9% (p¼0.30) suffered
from a stroke within 72 hours. This dimension is practically
not different to SAVR. A commonpattern begins to emerge, in

which long-term outcomes appear to be related to a combi-
nation of hemodynamic valve performance and their valve-
related complications (or their absence), rather than one
factor being the main culprit. In any case, it may be prudent
to wait the required time for TAVI data to be “old enough” so
that long-term effects can properly be assessed. Based on the
current practice, one can only hope for all the current TAVI
patients that they live up to their expectations.

Another common principle in this context, which has
been accepted for decades, is a life-prolonging impact of
relieving a pressure-loaded heart from a stenosis in symp-
tomatic patients. In 2022, the AVATAR trial illustrated a
significant survival advantage in 157 asymptomatic patients
with regular indications for surgery (i.e., mean gradient>40
mm Hg, flow velocity>4.9 m/s; ►Fig. 3B).37 In addition to
this proof-of-principle trial, a state-of-the-art review
addressing the optimal treatment of aortic stenosis makes
a convincing argument that the quality of hemodynamic
performance after replacement of a stenotic valve correlates
with mortality.38 The authors describe the current status of
prosthesis–patient mismatch and illustrate an algorithm for
dealing with high postprocedural gradients

Other investigations have aimed at identifying underlying
mechanisms for the occurrence of adverse events. Fukui
et al39 demonstrate that deformations of implanted TAVI
contribute to the generation of HALT, which is plausible
because proper flow must be disturbed across a valve if
the intended shape is not established, and valve thrombosis
can be expected as consequence. Squiers et al40 addressed
durability of three pericardial bioprostheses after SAVRusing
a network meta-analysis. The authors found the best long-
term durability with the Magna Ease valve compared with
the Mitroflow or the Trifecta. This finding has been a bit
surprising, since the Trifecta is the newest valve of the three
and has been praised not only for its novel design but also for
its superior hemodynamic performance. Possible arguments
explaining the differences may be the rather demanding
implantation process of the Trifecta, which may result in
early damage of the valve and limitation of long-term
durability. In any case, the analysis shows that it is not the
general type of the prosthesis (e.g., bovine or porcine) that
explains the difference, but the long-term performance of
each individual valve. This principle is supported by a
publication from Sweden, where long-term durability of
frequently used surgical bioprostheses was evaluated in
almost 17,000 patients (operated between 2003 and 2017)
from the SWEDEHEART registry. The authors present again
the best results with the Perimount valve (predecessor of
Magna Ease), which was in survival only paralleled by the
Epic porcine valve (►Fig. 4A).41 Finally, a comparison of
mechanical versus surgical bioprostheses was also published
in 2022. Sotade et al42 compared almost 4,000 propensity-
matched patients having received mechanical or biological
aortic valves between age 55 and 64 years. The authors found
that mortality was equal up to 10 years and then an advan-
tage for mechanical valves appeared, possibly related to
increased rates of reoperations for biological prostheses
(►Fig. 4B).

Fig. 3 (A) Kaplan–Meier survival curves of a propensity-matched
cohort of patients from a Polish registry comparing surgical (SAVR)
with transcatheter aortic valve replacement (TAVI)33 (reproduced
with permission from Kowalowka et al). (B) Mortality up to 4 years in
patients with asymptomatic, severe aortic stenosis treated either
conservatively or with early surgery in the prospective randomized
AVATAR trial37 (reproduced with permission from Banovic et al).

Thoracic and Cardiovascular Surgeon © 2023. Thieme. All rights reserved.

Cardiac Surgery 2022 Reviewed Doenst et al.

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



An alternative to the replacement of the aortic valve with
a manufactured artificial valve prostheses is the transfer of
the patient’s own pulmonary valve into the aortic position
and implanting a homograft into the pulmonary position
(Ross procedure), a procedure considered valuable specifi-
cally in younger patients. Two manuscripts addressed the

Ross procedure in 2022 (average patients’ age in their 40s).
El-Hamamsy et al43 compared long-term outcomes after the
Ross procedure with biological and mechanical aortic valve
replacement (AVR) in adults undergoing aortic valve surgery.
In propensity-matched cohorts, they found that the Ross
procedurewas associatedwith better long-term survival and
freedom from valve-related complications compared with
prosthetic AVR. At 15 years, the actuarial survival after the
Ross procedurewas similar to that of the age-, sex-, and race-
matched U.S. general population (►Fig. 4C). Mazine et al44

reported a propensity-matched single-center comparison of
the long-term outcomes of patients after Ross with those
receiving bioprosthetic AVR. Again, the Ross procedure was
associated with better long-term survival and greater free-
dom from valve-related events.

These findings are encouraging and demonstrate the
advances in cardiac surgery in recent years, because a few
decades ago, the Ross procedure was considered a treatment
optionwith a considerable perioperative risk. Similar advan-
ces have been demonstrated by Mahboubi et al for patients
undergoing redo SAVR.45While 10 years ago, therewas still a
significantly higher mortality risk for redo aortic valve
surgery, the risk has now come down to the same level as
the primary operation (3.4% in 1985 to 1.3% in 2011). This
information is also important for the heart team because the
so-called “lifetime management of patients”38 has moved
center stage and heart teammembers are therefore required
to know the outcomes of the different treatment options
available now and in the future.

Mitral Valve
Like the aortic valve, direct comparisons of interventional
with surgical treatments have become rare. Nappi et al
performed a meta-analysis of all trials assessing the impact
of invasive treatment of functional mitral regurgitation
(FMR). They selected a mix of studies comparing either
MitraClip with medical therapy, surgical mitral repair to
no mitral procedure in CABG patients with severe FMR, or
the impact of repair versus replacement. Based on this
potpourri of studies, the authors suggest that FMR is a
complex condition, in which invasive treatment reduces
the incidence of adverse events (e.g., reoperation, readmis-
sion) with the best freedom from adverse events with
surgical repair utilizing a subvalvular technique in addition
to annuloplasty.46

While this meta-analysis evaluated neither the degree of
mitral regurgitation (MR) reduction with treatment nor the
durability of the repairs, the results and other data give rise
to assuming a correlation between the degree of MR and
mortality and/or adverse events. This assumption was sup-
ported in 2022 by Sannino et al47 assessing 158 patientswith
severe FMR who either received MitraClip (60%) or medical
therapy alone (40%) as treatment. Theymeasured the change
in MR degree in response to the treatment. While they found
no significant difference between the MitraClip and the
conservative group, there was significantly better survival
in those patients that had an elimination of severe MR
compared with those where MR remained severe

Fig. 4 (A) Kaplan–Meier survival curves of patients in the SWEDEHEART
registry having undergone surgical aortic valve replacement with one of
threedifferent stentedbioprostheses41 (reproducedunder the termsof the
CC-BY license). (B) Long-term mortality risk of patients at different age
groupshaving receivedeitherbiologicalormechanical valve replacementat
a single center42 (reproduced with permission from Sotade et al). (C) Long-
term mortality risk of propensity-matched patients having received the
Ross procedure or either biological or mechanical aortic valve replacement
compared with the risk of the general population43 ( (reproduced with
permission from El-Hamamsy et al).
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(►Fig. 5). Similar findings were reported by the COAPT group
a year earlier,48 where postrandomization survival was a
function of valve competence in both the interventional and
the conservative arm. These data suggest that a durable
elimination of MR (irrespective of the underlying pathology
or treatment modality) should have the greatest potential to
prolong life. However, one would expect that replacement
should then be associated with a long-term survival, which
could not yet be demonstrated. Three publications addressed
this question in 202249–51 and even found superiority of
repair in two cases.49,51 Thus, while repairs seem to generate
thebest long-termoutcome if the repair is durable, the jury is
still out on the exact value of mitral valve replacement.

In general, the advances in mitral valve surgery have been
tremendous. Selected patients can now routinely go home
3 days after surgery, a resource that may be exploited more
broadly as suggested by Sabatino et al.52 Current surgical
techniques, with53 or without using PTFE (polytetrafluoro-
ethylene) neochords54 provide durable repairs for more than
10 years in structural MR. A growing majority of patients is
operated upon without sternotomy, although even using
robotic assistance does not reduce the pain perceived by
the patients.55 Concomitant procedures can be performed
routinely in practically all patients if indicated (e.g., cryoa-
blation for AF56) and continuous CO2 flooding of the opera-
tive field in minimal-access cases reduces postoperative
duration of intubation and the incidence of delirium.57

Tricuspid Valve
The main publication addressing the tricuspid valve in 2022
was the CTSN tricuspid trial. Gammie et al present the
outcomes of 401 patients with indication for mitral valve
surgery and concomitant mild to moderate tricuspid regur-
gitation (TR) with evidence of tricuspid annular dilatation.
Patients were randomized to receive either concomitant

tricuspid valve annuloplasty or mitral valve surgery alone.
The study demonstrated a greater freedom from TR progres-
sion in the tricuspid repair arm at the cost of a significantly
higher rate of pacemaker implantations (2.5 vs 14.1%).58

Treatment of isolated TR has also received more attention
lately. We presented a large series of patients having under-
gone isolated tricuspid surgery, which we split into three
groups separated by the Model of End-Stage Liver Disease
(MELD) score. While in patients with MELD scores below 20
the classic EuroSCORE II and STS scores overestimated mor-
tality slightly, patients with MELD scores above 20 had
dramatically elevated mortality, making risk prediction
with the classic scores practically impossible (►Fig. 6A).59

Also, in 2022, Dreyfus et al60 proposed the TriScore for
essentially the same reason. Their score was evaluated in
466 patients and contains components as age, New York
Heart Association (NYHA) classification, right-sided heart
failure signs, dose of furosemide, glomerular filtration rate,
elevation of total bilirubin, left ventricular ejection fraction,
and right ventricular dysfunction.60 Finally, Russo et al pre-
sented data from a multicenter registry of 406 patients
undergoing isolated tricuspid surgery, suggesting that per-
forming the procedure on the beating heart is associated
with the best long-term survival61 (►Fig. 6B).

The main findings in 2022 for classic valve surgery are as
follows:

• Evidence in 2022 for the treatment of aortic stenosis
supports the notion of similar or slightly better short-
term outcome for TAVI but less long-term complications
and possibly better survival after 5 years with SAVR. For
younger patients, a Ross operation may provide superior
long-term results compared with prosthetic valve re-
placement, which is associated with less valve-related
complications.

Fig. 5 Survival probability of a cohort of patients with functional mitral regurgitation who received either medical therapy or medical plus
MitraClip therapy according to treatment success (i.e., MR reduction) (A) or according to treatment performed (B) (reproduced with permission
from Sannino et al).47
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• In thefield ofmitral valve surgery, evidence culminated in
2022 supporting the concept that the best long-term
treatment effects, including life prolongation, are associ-
ated with the quality (degree of MR reduction) and the
durability of the repair.

• The treatment of TR, if performed concomitantly, may
lead to more pacemaker implantations. If performed as
isolated procedure, perioperative risk is dominated by
liver dysfunction and may be significantly mitigated if
performed on the beating heart.

Glimpse into Surgery of the Aorta and for
Terminal Heart Failure

Surgery for aortic disease, specifically for type A dissections,
is moving toward hybrid operations that utilize frozen stent
technology addressing the aortic arch without physically
replacing it. The stented arm of the prosthesis is placed into
the descending aorta and arch with the proximal connection
made at the level of zone 1 or 2 of the aortic arch and
debranching of the head vessels. The result is a significant
shortening of the arrest, clamp, and operation room times

with the potential for less neurological and other complica-
tions.62 Besides the publications in 2022 that supported the
concept that arch replacement potentially including ele-
phant trunks may be an option in experienced hands with
improved long-term survival,63 other publications addressed
the elevated risk of octogenarians with type A dissections64

and the need for individual patient selection.65 An impres-
sive study was published from Paris and Bologna. In patients
with extreme risk, the surgeons performed an off-pump
wrapping of the aorta with a Teflon sheet and presented
favorable outcomes in 35 patients.66 The video linked to the
article is certainly worth watching. Importantly, for patients
with acceptable risk for classic surgery, wrappingmay not be
optimal, as adverse events may still occur in the long run.67

Finally, a meta-analysis assessed the impact of reperfusion
efforts for mesenteric malperfusion in type A dissections.
The analysis summarized five manuscripts and concluded
that waiting and re-establishing blood flow before surgery
for type A dissection is associated with improved
outcomes.68

In the treatment of terminal heart failure, the field was
dominated by the first human xenotransplantation.69 A 57-
year-old patient with nonischemic cardiomyopathy received
a heart froma geneticallymodified pig as compassionate use.
Despite a challenging intra- and perioperative course, the
patient survived surgery with adequate cardiac function.
Subsequently, however, the xenograft began to fail, requiring
mechanical circulatory support. With no recovery of pump
function, the patient died after 60 days. Investigations on the
role of a pig cytomegalovirus virus infection and other issues
are still ongoing.

In the left ventricular assist device (LVAD) field, the
MOMENTUM3 investigators provided a survival score that
may assist heart failure physicians in decision-making,
which patient may benefit most from LVAD therapy.70
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