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Abstract
For the year 2018, more than 22,000 published references can be found in PubMed when entering the search term “cardiac 
surgery”. As in the last 4 years, this review focusses on conventional cardiac surgery publications which provide important 
and interesting information especially relevant for non-surgical colleagues. Interventional techniques have been considered 
if they were published in the context of classic surgical techniques. We have again reviewed the fields of coronary revascu-
larization and valve surgery and briefly touched on aortic surgery and surgery for terminal heart failure. For revascularization 
of complex coronary artery disease, bypass grafting was reconfirmed as gold standard and computer-tomographic angiogra-
phy established equipoise for decision-making with classic angiography. For aortic valve treatment, some new longer-term 
outcomes from TAVI vs. SAVR trials confirmed equipoise of both treatments for high and medium risk. New information 
was provided for INR-management of mechanical aortic valves as well as long-term experiences for alternatives to mechani-
cal valves (i.e., Ross and the relatively new Ozaki procedure). In the mitral and tricuspid field, prevalence data illustrate a 
significant amount of under-treatment for mitral and tricuspid valve regurgitation and evidence for life prolonging-effects of 
surgery. Finally, elongation of the ascending aorta was identified as new risk factor for aortic dissection and 2 years outcome 
of the newest generation of left ventricular assist devices demonstrate impressive improvements in outcome. While this article 
attempts to summarize the most pertinent publications, it does not expect to be complete and cannot be free of individual 
interpretation. As in recent years, it provides a condensed summary that is intended to give the reader “solid ground” for 
up-to-date decision-making in cardiac surgery and a stimulus for in-depth reading.

Keywords  Coronary revascularization · Aortic valve surgery · Mitral valve surgery · Tricuspid valve surgery · Aortic 
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Coronary revascularization

In 2018, the field of coronary revascularization was charac-
terized by important publications addressing (1) indications 
for revascularization (new guidelines appeared); (2) new 
tools for the diagnosis of coronary artery disease (CAD); 
(3) the role of medical therapy in CABG patients and (4) 
technical aspects of CABG conduct.

CABG versus PCI

Head et al. combined patient data from 11 prospective ran-
domized trials comparing CABG with PCI in stable multi-
vessel disease with or without left main stenosis. They iden-
tified a significant survival advantage of CABG at 5 years [1] 
(Fig. 1a). They also found more strokes in this large dataset 
in the CABG population at 5 years and showed through 
a landmark analysis that the difference was solely due to 
more periprocedural strokes with CABG compared to PCI 
and no difference after the first 30 days [2] (Fig. 1b). It is 
important to realize at this point that the majority of CABG 
procedures were performed using cardiopulmonary bypass 
and that avoiding manipulation of the aorta (through off-
pump strategies) may significantly reduce stroke risk [3]. 
These technical aspects are now also part of the guideline 
recommendations [4] (Fig. 1c). The survival effect of CABG 
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in the multi-trial analysis [1] was primarily visible in dia-
betic patients, which was further supported by Farkouh et al. 
[5], who published the long-term follow-up (8 years) of the 
FREEDOM trial (comparing PCI with CABG in diabetic 
patients) again with significantly better survival with CABG.

From the EXCEL trial (comparing PCI with CABG in 
patients with left main stenosis and SYNTAX score below 
32), a sub-analysis addressing the role of main stem lesion 
site was published. The authors demonstrated worse out-
come for patients with distal main stem versus shaft lesions, 
but found no difference in their primary combined endpoint 

of death, stroke and myocardial infarction at 3 years [6], 
consistent with their primary endpoint report from 2016 [7].

The EXCEL trial was heavily criticized for its consistent 
proclamation of non-inferiority of PCI to CABG at 3 years, 
despite the fact that a survival advantage was allegedly sta-
tistically significant only 12 months later [8]. Longer-term 
outcomes appear to be known, but have not yet been pub-
lished [8].

Ruel et al. [8] criticized the current practice of design and 
reporting of outcomes in trials comparing PCI and CABG, 
including the EXCEL trial. The authors state that most trials 

Fig. 1   Main findings of coronary bypass surgery publications 2018. 
a Pooled analysis of more than 11,000 patients from 11 randomized 
trials comparing coronary bypass surgery (CABG) and percutane-
ous coronary intervention (PCI) in patients with triple vessel disease 
with or without left main stem stenosis [1]. b Landmark analysis of 
the same patient population for the incidence of perioperative and 

long-term stroke [2]. c Schematic illustration of current guideline 
recommendations for the performance of coronary bypass surgery 
[4]. d Illustration of the impact of changing definitions of myocardial 
infarction on the incidence of this outcome in the same patient popu-
lation (I) and the influence of using different definitions on primary 
endpoints of current trials (II) [8]



976	 Clinical Research in Cardiology (2019) 108:974–989

1 3

confer a significant selection bias towards “PCI-friendly” 
patients. They argue that the majority of trial patients only 
represent a very small fraction of every-day patients and that 
most excluded patients were excluded for poor suitability 
for PCI but not for CABG (as evident from several available 
trial registries). Most striking, however, is the illustration 
how changes in the definition of myocardial infarctions may 
result in completely opposite interpretations of this outcome 
in the same patient population (Fig. 1d). The authors con-
clude that from a patient perspective, publically funded trials 
with peer-reviewed designs and long-term follow-ups with 
and beyond 10 years would be desirable [8]. From a practical 
standpoint, such concerns regarding trial design and results 
presentation may not be helpful in decision-making for the 
every-day patient.

Based on the above criticism, the following registry stud-
ies appear to be of interest. Ram et al. published a real-life 
analysis of 1063 patients with triple vessel disease (27% 
of them had left main stenosis) from an Israeli registry 
demonstrating a significant survival advantage for CABG. 
Although this survival effect remained with risk adjustment 
by propensity matching [9], the limitations of more renal 
dysfunction, older age and more ischemia in the PCI popula-
tion require mentioning.

Most studies have excluded patients with impaired left 
ventricular function. We demonstrated in 2016 a survival 
advantage of CABG over medical therapy in patients with 
impaired systolic function (i.e., EF < 35%) [10]. This year, 
Iribarne et al. [11] published outcomes from 955 CABG 
patients and 718 PCI patients with double and triple ves-
sel disease (out of 74,000 patients from seven centers) that 
fulfilled the STICH criteria. Bypass surgery reduced mor-
tality risk by 41% (Fig. 2a). Another analysis identified 67 
propensity-matched pairs out of two British registries with 
717 patients who received either PCI or CABG at an EF 
below 30% [12]. The authors demonstrated a significant sur-
vival advantage with CABG, quoting a more than threefold 
increased risk in mortality with PCI (hazard ratio 2.603, CI 
1.500–4.515). Finally, Cui et al. published a meta-analysis 
from 8 trials comparing PCI and CABG in the presence of 
impaired left ventricular function [13]. Again, this analysis 
demonstrated a statistically significant survival advantage for 
bypass surgery compared to PCI, especially if the ejection 
fraction was below 35% (hazard ratio 1.43 CI 1.07–1.90).

New tools for the diagnosis of coronary artery 
disease

In order to perform CABG, adequate imaging of the coro-
nary anatomy is mandatory and has been classically obtained 
by invasive coronary angiography. Progress in computer-
tomographic imaging of coronary arteries has now raised the 
question of non-inferiority to invasive coronary angiography. 

We demonstrated in the SYNTAX III REVOLUTION trial 
on 223 patients, who presented with multi-vessel coronary 
artery disease, that there is equipoise between CT- and clas-
sic angiography for treatment recommendations given for 
CABG or PCI [14]. In this trial, not the patients, but the 
heart teams were randomized. All patients had received 
classic invasive as well as CT-coronary angiography. Treat-
ment recommendations were given by two independent heart 
teams either on the basis of CT or classic angiography. There 
was no statistical difference in treatment recommendations 
by the heart teams with 26 and 28% of patients receiving 
treatment recommendation for CABG based on CT or inva-
sive angiography, respectively (Fig. 2b). Cohen’s kappa was 
0.82 (CI 0.74–0.91), which indicates non-inferiority of CT 
compared to invasive angiography.

Fractional flow reserve (FFR) is another diagnostic tool, 
which has already significantly influenced decision-making 
for PCI. It is now repeatedly being tested for its potential 
to improve outcomes in coronary surgery. Fournier et al. 
suggested based on a retrospective analysis, that applying 
FFR to bypass surgery may reduce the number of grafts and 
improve survival free of myocardial infarcts [15]. In con-
trast, a Danish prospective randomized trial on 100 CABG 
patients demonstrated that adding FFR to CABG planning 
reduced the number of bypass targets, but did not demon-
strate any difference in graft patency or failure and also no 
difference in clinical outcome. However, the 33 lesions that 
were not grafted based on an FFR-value above 0.8 at the 
time of surgery showed significant progress in coronary 
artery disease over the next 6 months [16].

There are trials currently ongoing assessing the impact 
of FFR measurements on graft patency after CABG sur-
gery (e.g., IMPAG trial, NCT02527044) or use it for select-
ing bypass targets (ROMA trial, NCT03217006). While 
attempts to achieve perfect graft patency are certainly worth-
while pursuing, it remains questionable whether limiting the 
number of grafts is the optimal way to do it. A plausible 
mechanism for the difference between CABG and PCI is the 
protection against infarction from non-flow limiting stenosis, 
which is also bypassed with surgical grafts placed for a flow-
limiting stenosis [17]. Reducing the number of grafts during 
surgery would then also reduce the amount of protection 
against new infarcts. Although the fraction of graft occlu-
sion may increase in the absence of flow-limiting stenosis, 
occlusion rates are low and occlusions appear to be clini-
cally silent in most cases [16, 17] 100%. If a graft occludes 
silently due to competitive flow, it may be still wise to place 
it during the primary bypass surgery [17].

The role of medical therapy in CABG patients

This reasoning above is further supported by publications 
pointing towards the role of medical therapy also in bypass 
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patients. The magnitude of primary prevention measures 
has recently been impressively demonstrated by the SCOT 
HEART trial, where the pure knowledge of the presence of 
CAD from a CT-coronary angiogram was able to reduce 
the incidence of new myocardial infarctions by 40% within 
5 years [18]. Pinho-Gomes et al. performed a meta-anal-
ysis on five prospective randomized trials assessing the 
impact of medical therapy in patients after PCI or CABG. 
They demonstrated a survival impact by medical therapy 
and significantly greater compliance with medical therapy 
after PCI [19] (Fig. 2c). This finding is fully consistent 

with the new guideline recommendations for full medical 
therapy both after PCI and CABG [4]. The potential for 
medical therapy to improve outcomes after CABG sur-
gery was 2018 further supported by publications from the 
STICH trial demonstrating worse outcome with increased 
blood pressures and by two trials assessing the impact of 
dual antiplatelet therapy after bypass grafting [20–22]. 
Both studies demonstrated increased graft patency with 
dual platelet inhibition and a tendency towards improved 
survival. However, the effect came at the cost of increased 
rates of major bleeding.

Fig. 2   Main findings of 2018 publications addressing the field of 
coronary bypass surgery. a Large retrospective analysis comparing 
CABG and PCI in patients with reduced systolic ventricular function 
[11]. b Central illustration of the SYNTAX III Revolution trial illus-
trating equipoise for CT-coronary angiography with classic invasive 
angiography for arriving at treatment recommendations for revascu-

larization [14]. c Meta-analysis comparing the compliance with opti-
mal medical therapy of patients having received either PCI or CABG 
in prospective randomized trials [19]. d Newly released decision tree 
for treatment recommendations in patients with stable three vessel 
coronary artery disease [32]
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Technical aspects of CABG conduct

Graft patency, as already addressed above, is not only influ-
enced by competitive flow or the degree of target vessel ste-
nosis, but is also a function of graft material and surgical 
skill. The new ESC-guidelines on coronary revascularization 
for the first time give specific recommendations on technical 
aspects of the conduct of CABG (Fig. 1c) [4]. In addition, 
there were further publications in 2018, the majority of them 
in support of the guideline recommendations.

In general, full arterial revascularization is recommended 
before using venous grafts. If venous grafts are used, no 
touch or endoscopic harvesting techniques are suggested 
[23]. The quality of revascularization is supposed to be con-
trolled by transit time flow and epicardial scanning tech-
niques and in high-risk patients manipulation of the aorta 
is to be minimized [4]. These recommendations are further 
supported by a meta-analysis from Ueki et al. who analyzed 
more than 38,000 patients having undergone coronary 
bypass surgery with chronic renal failure. The authors dem-
onstrated that an off-pump strategy in these patients has the 
potential to significantly reduce perioperative mortality [24]. 
In contrast to this study and the recommendations, Chikwe 
et al. presented a large analysis on more than 42,000 patients 
from the New Jersey health department registry. They 
selected and matched 7000 off-pump with 15,000 on-pump 
cases (one selection criterion was an off-pump experience 
above 100 cases per year and surgeon) and demonstrated a 
significant survival advantage with on-pump surgery after 
10 years [25]. While this analysis may reflect a setback for 
off-pump techniques, it suffers from a potentially large selec-
tion bias which cannot be eliminated by propensity match-
ing. It is not clear what led to the decision to perform off-
pump and on-pump in these various cases. As we referred 
to in recent years, the differences between on- and off-pump 
techniques in prospective randomized trials are minimal in 
the vast majority of studies [26, 27].

This limitation may become even more evident if the 
recently presented 10-year outcomes of the ART trial are 
considered [28]. The trial compared a strategy of bilateral 
internal thoracic artery grafting versus single artery bypass 
grafting plus radial artery or vein in patients with multives-
sel disease. While the primary outcome was neutral in the 
intention to treat analysis, there was a significant survival 
advantage for bilateral internal thoracic arteries if crossovers 
were excluded and the surgeon’s experience was high. As a 
consequence of these findings, coronary surgery is requested 
to be developed as specialty operation [29].

Thus, for patients facing coronary bypass surgery it may 
still be wise to select an experienced surgeon capable of 
performing complete arterial revascularization with mini-
mal manipulation of the aorta. For patients fearing sternot-
omy, minimally invasive strategies may be an alternative. 

Giambruno et al. demonstrated in a set of 700 patients that 
a hybrid strategy using robotic LAD grafting through a left 
anterolateral minithoracotomy plus stenting of a second 
significant stenosis may achieve the same results as double 
bypass surgery through sternotomy [30]. Finally, we demon-
strated that even bilateral mammary harvesting and grafting 
can be performed through a left anterolateral minithoracot-
omy [31].

The main findings of 2018 publications on surgical treat-
ment for coronary artery disease are:

•	 New ESC guideline recommendations further define 
heart-team decision-making for complex CAD with or 
without diabetes mellitus (Fig. 2d [32]) which is fully 
supported by the latest studies. They specifically recom-
mend fully arterial revascularization for coronary bypass 
surgery with the least possible amount of aortic manipu-
lation (Fig. 1c).

•	 CT-coronary angiography may suffice for treatment deci-
sion-making in patients with multi-vessel CAD (Fig. 2b).

•	 Patients after CABG show worse compliance with 
optimal medical therapy, although medical therapy 
may reduce long-term death and myocardial infarction 
(Fig. 2c).

•	 Surgical precision and skill appear to be major factors for 
optimal long-term outcome after CABG.

Aortic valve surgery

Current recommendations for patients with aortic stenosis 
and intermediate or high risk for surgery contain equipoise 
for the primary treatment recommendation. A heart team is 
supposed to individualize decision-making for either tran-
scatheter aortic valve implantation (TAVI) or surgical aortic 
valve replacement (SAVR) based on a set of patient-specific 
criteria [33]. For low-risk patients, a primary recommen-
dation for only SAVR is given, but trials evaluating pos-
sible non-inferiority of TAVI are underway (DEDICATE, 
SURTAVI II, PARTNER 3, NOTION 2). Although this 
review does not address the field of transcatheter aortic valve 
replacement in detail, topics such as pacemaker require-
ments, valve thrombosis, paravalvular leaks and durabil-
ity still remain. The following text addresses TAVI in the 
context of direct comparisons to SAVR as well as classic 
surgical topics such as mechanical valves, Ross and Ozaki 
procedures, rapid deployment valves and minimally invasive 
surgical access to the aortic valve.

TAVI versus SAVR

Armoiry et al. conducted a nationwide longitudinal obser-
vational study using the French hospital information system 
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between 2009 and 2015. The authors used propensity match-
ing to select 799 TAVI/SAVR pairs of patients with high 
surgical risk (EuroSCORE > 20%). This comparison was 
characterized by similar periprocedural outcomes, but sig-
nificantly higher survival with classic surgery after 5 years. 
The TAVI group was characterized by higher mortality, 
higher pacemaker rate, more strokes and more cost at 5 years 

(Fig. 3a) [34]. Since this analysis was a retrospective data-
base analysis in a patient population, where a heart team has 
made decisions, the matching process may not fully reflect 
the patients’ risk profiles.

Gleason et al. [35] presented the 5-year results from the 
prospective randomized US CoreValve trial, which in pre-
vious publications always presented superiority of TAVI 

Fig. 3   Main findings of 2018 publications in the field of aortic valve 
replacement with surgical or transcatheter aortic valves. a Propensity-
matched comparison of all-cause death in patients with aortic valve 
stenosis and high surgical risk from the French hospital information 
system. Patients either received transcatheter valves (TAVI) or clas-
sic surgical valve replacement (SAVR) [34]. b All-cause mortality at 
5 years of the US Corevalve trial having compared surgical (SAVR) 
with transcatheter aortic valve replacement (TAVR) in patients with 
aortic stenosis and intermediate to high risk of surgery [35]. c Sur-

vival curves from a conservatively (red line) or surgically treated 
(blue line) of patients having presented at the Mayo Clinic with 
any kind of paravalvular leak in conventional valve prostheses. The 
decision to treat surgically was made by the same team based on 
the severity of clinical presentation [37]. d Survival curves of risk-
adjusted triplets from a large database of patients having received 
aortic valve replacement either surgically using partial sternotomy 
(MIC) or with a catheter through a transapical (TA) or transfemoral 
(TF) access [39]
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versus SAVR [36]. Figure 3b illustrates that at 5 years (mean 
patient age at inclusion 83), there is no longer a survival 
advantage for TAVI, with roughly 60% of patients having 
died. This equal survival was accompanied by an almost 
doubled need for pacemaker implantation in the TAVI group 
and increased rates of paravalvular leaks. Of note, the pres-
ence of already mild paravalvular leak at 1 month in this 
patient population was identified as an independent risk fac-
tor for mortality at 5 years (HR 1.45, CI 1.07–1.98).

The relevance of paravalvular leaks in a purely surgical 
patient population was published by Shah et al. who dem-
onstrated superior 10 years survival in patients with surgical 
management of moderate-to-severe paravalvular leaks com-
pared to medically managed patients with only mild para-
valvular leaks. The periprocedural mortality in the operated 
patients caused inferior outcomes compared to the medically 
managed group in the first 2 years (Fig. 3c). Then, survival 
curves crossed and long-term survival was even better in this 
initially sicker patient population [37]. We commented on 
this finding with the requests to include long-term follow-
ups in all trials assessing new technologies [38].

Another comparison of TAVI and SAVR was published 
by Furukawa et al., who selected 177 risk-adjusted triplets 
out of almost 4000 patients having received SAVR with 
partial sternotomy or TAVI with transfemoral or transapi-
cal access at one single center (Fig. 3d). The authors found 
similar outcomes at 5 years with a specific set of complica-
tions for each treatment approach used. They confirm current 
guideline recommendations with their findings supporting 
patient-specific decision-making by a heart team [39].

Another TAVI option having received significant atten-
tion immediately (despite the absence of controlled evi-
dence), is the placement of a transcatheter valve into a 
previously implanted bioprosthesis (valve-in-valve TAVI). 
Gozdek et al. reviewed the literature and performed a meta-
analysis on studies having compared valve-in-valve TAVI to 
classic redo-surgery. The authors found 342 patients and five 
retrospective analyses. Although the problem of optimal risk 
matching is again apparent, the valve-in-valve TAVI patients 
were characterized by higher gradients and increased cumu-
lative mortality. Although the TAVI group showed lower 
pacemaker need and shorter ICU and hospital stays, the infe-
rior hemodynamic and survival outcomes led the authors to 
conclude that valve-in-valve TAVI should be reserved for 
patients with high perioperative risk [40]. This conclusion 
was also supported by another analysis from the valve-in-
valve international database that also raised concerns due to 
high transvalvular gradients after valve-in-valve TAVI [41].

Mechanical valves, Ross and Ozaki

Despite the fact that mechanical valves have fallen out 
of favor over recent years [42], their hemodynamic and 

durability properties may represent favorable characteris-
tics for a large fraction of patients [43]. The PROACT trial 
recently demonstrated the ability to reduce the INR level 
to a range of 1.5–1.9 for the On-X valve, a relatively new 
bileaflet prosthesis made from 100% carbon [44]. In 2018, 
they now demonstrated that substituting anticoagulation 
with dual antiplatelet therapy in a patient population with 
low risk of thrombembolic complications is associated with 
increased thromboembolic events. In a second arm of this 
trial, they demonstrated that a reduction of the anticoagula-
tion level to the same low range of 1.5–1.9 is also possible 
in high-risk patients that require combination of anticoagula-
tion with antiplatelet therapy [45].

If anticoagulation is not an option (specifically in young 
patients), the Ross-operation is known as an alternative. 
Here, the diseased aortic valve is replaced by the patient’s 
own pulmonary valve, which again is replaced by a homo-
graft (fixed human pulmonary valve taken from tissue 
donor). Buratto et al. report a series of 392 Ross-operations 
between 1992 and 2016 from Australia and New Zealand. 
They compared them to a propensity-matched cohort of 
patients taken from almost 2000 patients having received 
a mechanical valve replacement at the same time (Fig. 4a). 
The authors showed a significant survival advantage in the 
Ross group at 20 years [46]. However, it is remarkable that 
the Ross group demonstrated a 30-day mortality of only 
0.3% while the average cross-clamp time was almost 3 h, 
an ischemia time that is usually associated with increased 
mortality [47]. Thus, a significant selection bias may have 
influenced this comparison, but even if the difference were 
smaller or absent, the data confirm the Ross procedure as a 
valid alternative to mechanical valves in patients requiring 
aortic valve replacement at low risk.

Another alternative to mechanical valves or the Ross 
procedure is the relatively new Ozaki procedure. Here, the 
resected aortic valve is replaced by three intra-operatively 
generated valve cusps cut from the patient’s own pericardium 
fixed in glutaraldehyde (Fig. 4b). This year, Ozaki et al. [48] 
presented their own 10 year results on 850 patients, dem-
onstrating favorable hemodynamics and excellent durabil-
ity—results comparable to conventional bioprostheses at this 
time point [27]. The downside of this procedure may be an 
elevated risk of paravalvular leakage (due to rupture of the 
hand sewn cusps) and the increased surgical complexity (as 
with the Ross procedure) limiting the ability to perform the 
surgery using minimally invasive access.

Rapid deployment valves and minimally invasive 
access to the aortic valve

Minimally invasive access to the aortic valve has gained 
increasing interest over the last 10 years [42]. Partial sternot-
omy or mini-thoracotomy approaches have been developed 
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and have usually been associated with increased cardiopul-
monary bypass and clamp times [49]. In partial analogy to 
transcatheter valves, rapid deployment or sutureless valves 
have been developed which are placed with catheter deliv-
ery systems intraoperatively after the diseased aortic valve 
has been resected. As presented previously [26, 27], these 
valves allow reducing clamp- and bypass-times and have 
been modified specifically for the use with minimally inva-
sive procedures.

In 2018, Sohn et al. performed a meta-analysis on 21 
studies having compared conventional to rapid deployment 
bioprostheses (RDV) in almost 3000 patients. The authors 
confirmed RDV’s ability to reduce clamp and bypass times 
but were unable to detect a survival advantage. In contrast, 
RDV showed higher rates of perioperative pacemaker 
requirements and there was a trend towards more paraval-
vular leaks [50].

Fig. 4   Main findings of 2018 publications addressing conventional 
aortic valve surgery. a Central illustration of a publication comparing 
long-term survival in a group of patients having received a Ross pro-
cedure in New Zealand or Australia compared to a group of patients 
having received a mechanical valve [46]. b Incidence of aortic regur-

gitation (I) and reoperation (II) of the Ozaki procedure (III) [48]. c 
Central illustration of a comparison of conventionally placed biopros-
theses (CBV) with rapid deployment valves (RDV) from the GARY 
registry [51]. d Forest plot of the Mini-Stern trial having compared 
partial to full sternotomy for classic aortic valve replacement [52]
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Ensminger et al. then published an analysis from the 
German GARY-registry, based on 20,937 patients hav-
ing received classic biological aortic valve replacement 
and 1125 patients having received RDV. Again, RDV 
reduced bypass and clamp times but were associated with 
inferior clinical outcomes (Fig. 4c). Patients with RDV 
experienced a greater need for new pacemakers, had 
more strokes, more paravalvular leaks and even showed 
increased postoperative mean pressure gradients [51].

Taking these data together with the above results from 
the Ross/mechanical valves comparison [46], one may 
conclude that the use of cardiopulmonary bypass per se is 
not that dangerous anymore. Such a conclusion would also 
be supported by equal 30-day outcomes of studies com-
paring On-pump to Off-Pump CABG or TAVI to SAVR 
[26, 27].

Minimally invasive strategies have been developed in 
order to reduce surgical trauma and are perceived by many 
as less traumatizing and the “smaller” operation, although 
prospective randomized trials have never demonstrated a 
survival advantage [49]. Nair et al. now published the 
results of the Mini-Stern trial [52], a prospective rand-
omized comparison of partial sternotomy to full sternot-
omy on 222 patients undergoing conventional aortic valve 
replacement. Contrary to expectations, patients could not 
be discharged earlier (primary endpoint) did not show 
increased speed of recovery but required more time for 
drain removal and longer operating times including clamp 
and bypass times (Fig. 4d). Thus, the partial sternotomy 
approach was also not cost-effective. Taking these results 
together with retrospective database analyses that sug-
gest a survival improvement with the partial sternotomy 
approach [53], we may arrive again at the conclusion that 
surgical skill and experience may influence outcome in 
retrospective database analyses more than can be corrected 
by classic risk adjustments.

The main findings of 2018 publications on surgical treat-
ment of aortic valve disease are:

•	 At 5 years, TAVI and SAVR appear equal in intermedi-
ate- to high-risk patients (Fig. 4).

•	 Valve-in-valve TAVI is not associated with reduced 
periprocedural risk and shows elevated post-procedural 
gradients.

•	 New mechanical valves can be managed with INR levels 
between 1.5 and 1.9.

•	 Ross- and Ozaki procedures may be valid alternatives to 
mechanical valves in patients with the need or desire to 
avoid anticoagulation (Fig. 4a, b)

•	 Rapid deployment valves may be inferior to classic aortic 
bioprostheses (Fig. 4c).

•	 Partial sternotomy for aortic valve replacement may not 
be superior to full sternotomy (Fig. 4d).

Mitral and tricuspid valve surgery

In recent years, publications on mitral valve surgery 
stressed the importance of an early and durable repair 
for structural mitral regurgitation [26, 27]. For functional 
MR, comparisons of medical, surgical and transcatheter 
therapies were initiated. This year, the literature provided 
important information on the prevalence of mitral and tri-
cuspid regurgitation and its impact on prognosis as well 
as outcomes of two trials having compared the MitraClip 
to medical therapy.

Dziadzko et al. published a cohort echocardiography 
study addressing the prevalence of mitral regurgitation in 
Olmsted County in Minnesota, USA. Between 2000 and 
2010, 29,390 inhabitants received an echocardiographic 
investigation. The authors found 1294 persons with iso-
lated moderate-to-severe mitral regurgitation. They showed 
that prevalence increased with age being 1% at 65 and 45% 
above 75 years of age. The authors confirm the relation-
ship between the presence of MR and increased mortality 
and identified surgical correction as protective (Fig. 5a). 
Despite this finding, only 22% of patients with preserved 
and only 5% with impaired ventricular function received a 
mitral surgical procedure (mainly repairs) [54]. In parallel, a 
European study, consisting of more than 63,000 consecutive 
echocardiographic investigations from 19 European centers, 
was published [55]. The authors found moderate-to-severe 
mitral regurgitation in 5% of patients, 55% of which being 
of primary (i.e., structural) origin. They showed that, based 
on the current guidelines, 70% of patients with structural 
and 13% of patients with functional MR would have had an 
indication for surgery. Thus, combining the last two stud-
ies illustrates a massive lack of appropriate treatment for 
patients with mitral regurgitation. Specifically in patients 
with structural MR, the numbers indicate that almost 50% of 
patients do not receive surgical treatment despite an indica-
tion. This finding is startling, not only because of the ability 
of mitral repair to treat symptoms but most importantly for 
its ability to prolong life.

The latter statement is nicely supported by Grigioni et al., 
who analyzed more than 2000 patients with P2 prolapse 
out of the mitral regurgitation international database. The 
authors were able to develop a score predicting 1- and 5-year 
survival for medical and operative therapy. The authors 
included age, the presence of symptoms, atrial fibrillation, 
left atrial dilatation, increased pulmonary pressures and the 
presence of left ventricular dilatation or dysfunction as risk 
factors. They could show that 10-year mortality increased 
with increasing risk score (Fig. 5b). However, at a given risk 
score prognosis was always better after surgery [56].

Olmsted County was also investigated for its prevalence 
of tricuspid regurgitation (TR). Topilsky et al. analyzed all 
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echocardiographic investigations between 1990 and 2000. 
They identified almost 500 inhabitants with moderate-to-
severe tricuspid regurgitation. Again, there was increasing 
incidence with age and the presence of severe TR was 
associated with reduced life expectancy. In more than half 
(60%) of the cases, a left-sided pathology was identified 
as cause. One quarter was due to pulmonary hypertension 
and 8% were idiopathic without obvious explanation. They 
found a prevalence of 1–4% above 65 years of age [57]. 
Kelly et al. analyzed intraoperative transesophageal echo-
investigations from Boston’s Brigham and Women’s Hos-
pital between 1990 and 2014 and assessed the prevalence 

of TR [58]. Similar to the Olmsted County findings, the 
presence of TR was a risk factor for poor long-term sur-
vival (in this case postoperatively). However, these authors 
demonstrated a protective survival impact for tricuspid 
repair, suggesting that treatment of severe TR may be able 
to prolong life.

Since patients with isolated TR are often considered 
high risk and often have had previous cardiac surgery, we 
published our experience with the treatment of isolated 
tricuspid reoperations comparing redo-sternotomy with a 
minimally invasive redo-technique. We were able to iden-
tify redo-sternotomy as risk factor for short (OR 9.757, 

Fig. 5   Main findings of 2018 publications in the field of mitral valve 
surgery. a Prevalence of moderate-to-severe mitral regurgitation 
according to age (I) in Olmsted County, MN, USA, and the impact 
of its presence on survival compared to an expected survival for the 

general population (II) [54]. b Survival under medical (I) or surgical 
treatment (II) of a group of patients with structural mitral regurgita-
tion separated by the MIDA Score [56]



984	 Clinical Research in Cardiology (2019) 108:974–989

1 3

CI 1.877–63.261) and long-term outcome (HR 2.667, CI 
1.180–6.028) [59].

Mitraclip

In 2018, the MITRA FR and the COAPT trials were pub-
lished, both comparing the MitraClip procedure to a con-
servatively treated control group in patients with functional 
MR and reduced ventricular function that were deemed 
inoperable by a heart team [60, 61]. The two trials showed 
drastically opposing results (Fig. 6). While the MITRA FR 
trial failed to demonstrate any effect of the intervention 

(Fig. 6a), COAPT showed impressive reductions in cardio-
vascular hospitalization and all-cause mortality using Mitra-
Clip (Fig. 6b). However, assessing the echocardiographic 
core lab reports from both trials brings up an unexpected 
finding in COAPT which is also illustrated in Fig. 6c.

Stone et al. report an end-diastolic volume of (device 
group/control) 196/194 ml, with an ejection fraction of 
31/30%, resulting in an end-systolic volume of 135/134 ml 
and a stroke volume of around 60  ml in both groups. 
Surprisingly, the effective regurgitant orifice (ERO) of 
0.41/0.40 cm2 usually corresponds to a regurgitant vol-
ume over the mitral valve of also 60 ml [62]. Although 

Fig. 6   Primary outcomes of the MITRA FR [60] (a) and the COAPT [61] (b) trials comparing Mitraclip to medical therapy in patients with 
functional mitral regurgitation and a schematic illustration of a volumetric consideration of reported echocardiographic outcomes (c)
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confounding factors may affect this relationship [63], the 
variability cannot be too high, otherwise the regurgitant 
volume would not be relevant any more. Thus, accord-
ing to these numbers, COAPT patients would have either 
no forward stroke volume and therefore no formal car-
diac output (which cannot be possible) or have irrelevant 
regurgitant volume (which make the trial results difficult 
to explain). In MITRA FR, the numbers add up. Regurgi-
tant volume is quantified with 45 ml (ERO 0.3 cm2) and 
stroke volume can be calculated to roughly 90 ml. This 
inconsistency suggests that we are missing something in 
COAPT. The Editorial Viewpoint published by Grayburn 
et al. [64] attempts to address this issue, however, it still 
falls short in explaining how a patient can live with only 
minimal forward stroke volume.

The main findings 2018 for mitral and tricuspid valve 
surgery are:

•	 The prevalence of mitral and/or tricuspid regurgitation 
is increasing with age (MR: 1–5% above 65 years, TR: 
1–4% above 65 years, Fig. 5a).

•	 Moderate-to-severe mitral and/or tricuspid regurgita-
tion impairs life expectancy. Repair can improve or 
restore life expectancy (Fig. 5a II, most evident for 
structural MR)

•	 MitraClip for functional MR may be helpful in a 
selected patient population. However, based on implau-
sible echocardiographic trial results, patient selection 
appears currently very difficult (Fig. 6).

Surgery of the aorta

In 2018, Krüger et al. published an important series of 
thoracic computer-tomographic investigations in patients 
with or without aortic pathologies with the aim to assess 
the risk for aortic dissection [65]. Thus far, recommenda-
tions for replacement of the aorta to prevent dissection are 
based solely on aortic diameter (i.e., 50 or 55 mm). The 
authors assessed more than 500 thoracic CT scans and 
demonstrated that elongation of the ascending aorta above 
12 mm carries just as much risk for dissection as dilatation 
of the aorta above 5 cm.

With respect to treatment of an acute Stanford type 
A dissection, Merkle et al. [66] demonstrated the entire 
experience of Cologne University between 2006 and 2015. 
They added to previous findings [26, 27], that a primary 
approach using total arch replacement shows higher in-
hospital mortality (OR 2.2 CI 1.34–7.63) and more strokes 
(OR 2.67 CI 1.14–6.24) if compared to an open anastomo-
sis or partial arch replacement.

Surgery for terminal heart failure

In 2018, the focus in terminal heart failure has been again 
on outcomes after ventricular assist device implantation. 
Two publications appear to be of general interest. Mehra 
et al. published the 2-year outcomes of the MOMENTUM 3 
trial, in which the centrifugal pump HeartMate 3 was com-
pared with the axial-flow pump HeartMate II. The authors 
demonstrated superior event-free survival of the HeartMate 
3 with 80% at 2 years (compared to 60% with HeartMate 
II). Impressively, there was no confirmed pump thrombosis 
with HeartMate 3 which translated into a significantly lower 
stroke rate at 2 years [67]. The other study addressed a sub-
analysis of the ROADMAP trial [68], in which about 100 
patients with terminal heart failure received an assist device 
implantation while about 100 comparable patients were 
treated conservatively. There was no randomization but all 
patients were suffering from terminal heart failure without 
the need for inotropic support. The authors had previously 
demonstrated a survival advantage in the assist group at the 
cost of more complications [69]. They now analyzed the 
patient population with respect to the INTERMACS cat-
egory. Their data suggest that patients in INTERMACS 4 
(just before the need of inotropes) derive the greatest benefit 
from an assist device implantation. This information is very 
helpful for patient management, because it supports the con-
cept of optimal timing for device implantation. The German 
EARLY VAD trial (NCT02387112) is assessing exactly that 
question in prospective randomized form and will deliver 
more definitive information for decision-making.

Finally, Daniel et al. published a long-term follow-up 
after heart transplantation in patients above 60 years of age 
depending on the age of the donor hearts. The authors used 
the UNOS database and demonstrated a significant increase 
in risk if donor age exceeded 50 years. Thus, at times of 
older recipients and older donors, organ allocation has 
become even more complex [70].
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