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Introduction

Patients with coronary artery disease (CAD) undergoing 
myocardial revascularization, with concomitant heart failure 
defined by left ventricular ejection fraction (LVEF) lower 
than 35%, constitute a population at risk of poor long-term 
prognosis and limited survival (1). According to Topkara et al.,  
among CAD patients referred for coronary artery bypass 
grafting (CABG) procedure, nearly 35% presented with EF 
of 40% or less. In-hospital mortality in these individuals was 
related to the extent of left ventricular (LV) dysfunction, 
reaching up to 6.5% in the group with EF between 10% and 
20% (1). According to Hausmann et al. (2), even in a high-

volume center the operative mortality in patients with end-
stage CAD in the late 1980s was disastrous (ca. 25% in 1986), 
though throughout the years it could be substantially reduced 
to 3.1% in 2000, reflecting obvious improvements in surgical 
technique and postoperative care. Survival at 10 years  
(Figure 1) reached 51% (2). 

According to the landmark Coronary Artery Surgery 
Study (CASS) from the early 1980’s of the 20th century, 
5-year survival in CAD patients with heart failure was poor 
(38%), though CABG was shown to be a treatment modality 
offering promising results with acceptable risk, compared to 
medical therapy. Among study participants, 5-year survival 
after CABG reached 63%, but only 43% in patients treated 
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conservatively (3). Two years later, Passamani et al. (4) 
reported survival at 7 years of 84% after CABG, compared 
to 70% in patients undergoing only medical therapy. It is 
worth mentioning, however, that the number of patients 
with EF less than 50%, enrolled in the CASS study, was 
relatively low (5). Currently, long-term mortality from 
cardiovascular reasons during a mean follow-up of 9.4 years 
in end-stage CAD patients has been reported to be 40% 
in CABG and 49% in those treated medically, showing 
superiority of operative revascularization over conservative 
treatment in terms of increased survival (6).

Nowadays, surgical therapy of end-stage CAD patients 
comprises operative myocardial revascularization (CABG), 
with or without surgical ventricle restoration (SVR), 
surgical intervention for ischemic mitral valve regurgitation, 
implantation of mechanical circulatory support (MCS) and 
heart transplantation. 

Surgical approaches in end-stage CAD

Myocardial revascularization: changing guidelines

Since the beginning of the 21st century, recommendations 
regarding myocardial revascularization in patients with 
end-stage CAD have evolved substantially. Previously, 
European guidelines on surgical CAD therapy focused 
predominantly on coronary artery anatomy and disease 
distribution. Presently, they reflect a growing understanding 

o f  CAD complex i t y  and  emphas i ze  the  ro l e  o f 
interdisciplinary decision making, which enables choosing 
less invasive interventional solutions in patients with 
unacceptable high risk, who are not suitable for surgical 
revascularization. Changing approach to CAD patients 
has been a consequence of recently published SYNTAX 
and EXCEL trials (7,8). The main goal of the SYNergy 
between percutaneous coronary intervention with TAXus 
and cardiac surgery (SYNTAX) study was to randomly 
compare the efficacy of two therapeutic modalities, i.e., 
CABG vs. percutaneous coronary intervention (PCI), for 
treatment of coronary three-vessel disease with or without 
stenosis of the left main (LM) coronary artery. The 
Evaluation of XIENCE versus Coronary Artery Bypass 
Surgery for Effectiveness of Left Main Revascularization 
(EXCEL) trial shared similar investigation principle with 
the SYNTAX study but focused specifically on patients 
with LM coronary disease. To enable evaluation of CAD 
complexity, the SYNTAX investigators came up with a 
SYNTAX score, which involved assessment of:

(I)	 Coronary dominance;
(II)	 Number of lesions;
(III)	 Segments involved per lesion, with lesion 

characteristics;
(IV)	 Total occlusions with subtotal occlusions;
(V)	 Trifurcation, number of segments diseased;
(VI)	 Bifurcation type and angulation;
(VII)	 Aorto-ostial lesions;

Figure 1 Survival rates after CABG in patients with LVEF <30% in a high-volume European cardiac surgery center (German Heart Center 
Berlin, observational study on 2,158 patients, operated on between 1986 and 2003). CABG, coronary artery bypass grafting; LVEF, left 
ventricular ejection fraction.
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(VIII)	 Severe tortuosity;
(IX)	 Lesion length;
(X)	 Heavy calcification;
(XI)	 Thrombus;
(XII)	 Diffuse disease, with number of segments.
The Guidelines of the European Society of Cardiology/

European Association of Cardio-Thoracic Surgery from 
2010 on therapy of CAD in patients with heart failure 
recommended surgical revascularization for significant 
LM coronary artery stenosis or its equivalent, as well as for 
proximal LAD stenosis, accompanied by double or triple 
coronary disease (9). In subsequent guideline version from 
2014 (10) LM stenosis remained an indication for surgical 
intervention, but then 4 years later, class I recommendation (11)  
relied upon predicted ‘revascularization suitability’ of 
coronary targets and consideration of acceptable risk, rather 
than on stenosis location. In addition, recent guidelines (11)  
considered growing potential of PCI as alternative to 
CABG in end-stage CAD with multivessel disease, 
provided that complete revascularization could be achieved. 
Nevertheless, lessons learned from the SYNTAX trial 
indicate that despite growing CAD population treated 
with PCI, CABG remains a gold standard of care, offering 
durable and complete revascularization, less need for repeat 
interventions and lower rate of late ischemic events (12).  
Regarding the EXCEL trial, which suggested no major 
differences in 5-year composite outcome of death, stroke 
and myocardial infarction between PCI and CABG 
strategies, there has been recently a concern of unreported 
myocardial infarction rate in the PCI study arm. As a result, 
the EACTS and ESC Guidelines Committees withdrew 
their support for recommending PCI in patients with LM 
stenosis and low/intermediate lesions complexity, as assessed 
by the SYNTAX score (13).

The reason for the overall lower rate of late ischemic 
events in patients undergoing CABG, compared to PCI, 
might be explained by the differences in revascularization 
mechanisms between these two methods of intervention. 
While PCI restores flow caused by flow-limiting coronary 
lesions, CABG provides an additional anti-ischemic effect 
by creating ‘surgical collateralization’, thus protecting 
patients from late myocardial infarctions resulting from not 
flow-limiting coronary stenoses (14).

SVR 

Similar to recommendations for isolated CABG in end-
stage CAD, the guidelines regarding SVR have also been 

a subject of change within the last decades. European 
Guidelines on myocardial revascularization from 2010 
recommended consideration of concomitant CABG and 
SVR, if a substantial dilation of left ventricle [Left Ventricle 
End-Systolic Volume Index (LVESVI) >60 mL/m2] and 
scarred left anterior descending (LAD) territory were 
present (9). Subsequent guidelines from 2014 suggested 
performing SVR in patients with ‘large ventricle aneurysm’ 
at risk of rupture, thrombus formation and life-threatening 
arrhythmias. However, the guidelines did not provide 
precise parameters to define the term ‘large aneurysm’. 
SVR, combined with CABG was also justified whenever 
reduction of LVESVI (values lower than 70 mL/m2) could 
be achieved (10). 

In 2018, the indication for simultaneous CABG and SVR 
remained valid for ‘large aneurysm’ in patients presenting 
symptoms of advanced heart failure (NYHA III/IV), in 
presence of intraventricular thrombus and arrhythmias. 
According to Guidelines, SVR and CABG should be 
performed in selected patients in centers of expertise (11). 

The aim of SVR is to recreate physiologic, elliptical 
shape of left ventricle and to eliminate as much scarred and 
dysfunctional tissue as possible. Studies from late 1990’s 
showed a clear relationship between enlarged left ventricle 
and increased mortality (15). At the end of the 20th century, 
several surgical techniques emerged, aiming at exclusion of 
diseased left ventricle regions. One of the methods, partial 
elimination of diseased posterior LV regions introduced 
by Batista (16), was euphorically welcomed though late 
results turned out to be disappointing. The methodological 
failure of this surgical concept appeared to be related to 
improperly identified target areas for LV reconstruction 
(16,17). Subsequently, a concept of ‘site selection’, based 
on echocardiographic detection of dysfunctional LV 
regions was promoted by several authors, who indeed 
were able to observe improvement of surgical results of 
posterior resection together with reduced mortality (18,19). 
Regarding SVR after anteroseptal myocardial infarction, 
the group of Dor, followed by the Reconstructive 
Endoventricular Surgery returning Torsion Original 
Radius Elliptical shape to the left ventricle (RESTORE) 
investigators, reported on promising results of anteroseptal 
ventricle reconstruction. In this international registry of 
more than 1,000 patients with post-infarction congestive 
heart failure, SVR proved its efficacy in terms of providing 
substantial increase of left ventricle function, restoring of 
physiological LV-dimension and shape and improvement 
of clinical status, as assessed by the NYHA classification 
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(17,20,21).
The above-mentioned reports were published by centers 

of SVR expertise, but studies validating utility and safety 
of restoration concept in a randomized and prospective 
fashion were lacking. The Surgical Treatment of Ischemic 
Heart failure trial (STICH) was supposed to answer the 
question whether there was a real benefit of SVR added 
to revascularization in patients with end-stage CAD (22).  
Some methodological concerns, such as changing enrollment 
criteria during prolonged patient recruitment or lacking 
identification of scared territories made the study a subject 
of deserved criticism (23,24). In contrast to STICH 
investigators, Dor and his group provided clear description of 
preoperative volumetric and viability assessment, which were 
crucial for procedure success. Dor et al. were very convincing, 
showing obvious advantages of precise preoperative 
evaluation, which, in their opinion, reduced number 
of ICM patients denied proper surgical treatment (24).  
Nevertheless, the guidelines in the ‘after STICH trial 
era’ became more restrictive regarding indication to 
simultaneous CABG and SVR. 

Recently, there have been several methods of minimally 
invasive ventricle restoration techniques introduced, 
reflecting a current trend towards minimalization of surgical 
procedure invasiveness. One of them, interventionally-
implanted endocardial Parachute device, first introduced 
in 2014, was shown to significantly reduce left ventricle 
volume, as well as to improve EF and functional NYHA 
class (25). In 2017, a review article summarizing previous 
experience with this novel device was published, showing 
quite high implantation success (over 90%) and promising 

postprocedural results in terms of reduction of LV volumes 
and improvement of EF (26). In 2019, an experience with 
hybrid ventricle restoration anchoring device, mimicking 
ventricular plication, was presented by 2 clinics from 
Netherlands. Preliminary results of device application in a 
hybrid fashion were quite promising, with 0% periprocedural 
mortality and 100% implantation success (27).

Interventions for ischemic mitral valve regurgitation

A relevant portion of patients with end-stage CAD suffered 
from severe mitral incompetence (28). In a nonrandomized 
study on surgery for ischemic mitral regurgitation, 
Hausmann and colleagues observed no difference in early 
or late survival in 197 treated with CABG combined with 
mitral replacement and 140 patients treated by CABG 
and mitral repair (29) (Figure 2). Seven-year survival was 
67% and 62%, respectively, although it was better among 
patients who had no or minimal mitral regurgitation after 
repair (77% at seven years) than among those who had more 
extensive regurgitation after repair or mitral replacement (30)  
(Figure 3).

Myocardial viability and its impact on treatment 
results

LV dysfunction in end-stage CAD patients may result from 
both irreversible and reversible myocardial damage. In 
case of the latter condition, also referred to as ‘hibernating 
myocardium’ (31), a proper myocardial function is likely to 
be restored by myocardial revascularization. Within the last 

Figure 2 Differences in long-term survival between patients undergoing surgical mitral valve repair vs. replacement for ischemic mitral valve 
insufficiency. pts., patients.
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decades, the value of myocardial viability assessment has 
been re-examined. The European Guidelines on Myocardial 
Revascularization from 2010 (9) showed a clear benefit of 
revascularization therapy in patients with preoperatively 
preserved myocardial viability. Clinical evidence supporting 
beneficial influence of present viable myocardium on 
therapy results came from a meta-analysis by Allman  
et al. (32). In 2014 and 2018 (10,11), however, the above-
mentioned positive relationship was questioned. Here 
again, it was the STICH study, which failed to confirm 
the influence of myocardial viability on revascularization 
outcome. In fact, the presence of viable myocardium was 
shown to influence postoperative results on univariate, but 
not on multivariate analysis. Moreover, various viability 
assessment tests might have yield various cut-off values for 
viability parameters, thus often contributing to conflicting 
or discrepant evaluation criteria. As a consequence, 
according to later guidelines, assessment of heart muscle 
viability should no longer be the only test directing 
therapy selection. Whenever standard viability assessment 
methods, such as dobutamine stress echocardiography or 
magnetic resonance imaging are inconclusive in terms of 
predicting myocardial recovery after revascularization, 
probably some extensive testing, such as gene expression 
in myocardial specimens should be considered. Hausmann 
et al. explored the role of gene expression in myocardial 
regions with or without predicted recovery potential. 
Intraoperatively obtained biopsy specimens from ischemic 
myocardial regions were investigated. It was clearly stated 
that myocardial areas showing upregulation of antiapoptotic 
genes occurred to be less prone to postoperative recovery. 
This study depicted the role of supportive gene testing 
in referring end-stage CAD patients for proper surgical 
therapy, i.e., CABG or heart transplantation (33). Taking 
the above-mentioned into account, current Guidelines 

do not recommend viability assessment as the only factor 
determining treatment selection in end-stage CAD patients. 

Though the presence of viable myocardium positively 
influences LVEF, both after conservative and surgical 
treatment, improving EF is not associated with increased 
long-term survival. It is the extent of systolic dysfunction 
and number of stenotic coronaries, rather than heart muscle 
viability that is associated with postoperative benefits of 
surgical revascularization (34). Recently published 10-year 
results of the STICH study confirmed again that improving 
EF in patients due to preserved viability was not associated 
with beneficial long-term effect of CABG (35). 

Other treatment modalities

Heart transplantation

Since 1967, heart transplantation has become a recognized 
treatment for patients with end-stage heart failure. 
According to data published by the International Society 
for Heart and Lung Transplantation (ISHLT), within the 
last 3 decades ischemic cardiomyopathy was an underlying 
cause of end-stage heart failure in approximately 40% 
of transplant candidates worldwide and represented one 
of 2 major indications for heart transplantation in adult 
population (36,37). Current European guidelines on therapy 
of heart failure recommend transplantation for end-stage 
heart failure patients with poor prognosis and no alternative 
treatment options (38). In end-stage CAD patients, however, 
surgical revascularization may still be considered a valuable 
alternative to transplantation and yield promising results, 
provided that coronary anatomy is suitable for grafting and 
procedure is associated with acceptable risk (11).

In the real world, heart transplantation is implemented 
in a relatively small population. The majority of patients 
with ischemic heart disease, including those with its end-

Figure 3 Influence of residual mitral valve insufficiency on survival at 7 years after mitral valve repair for ischemic mitral valve regurgitation. 
Observational study on 123 patients with ischemic mitral valve regurgitation. MI, mitral insufficiency.
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stage form, is treated mostly with ‘traditional’ myocardial 
revascularization. According to the German Heart Surgery 
Report from 2018, over 33,000 isolated CABG vs. 312 
transplantation procedures were performed in Germany 
in 2018 (39). Of those transplanted patients, less than 50% 
presented with a diagnosis of end-stage CAD. This huge 
disproportion between the number of patients undergoing 
CABG and heart transplantation could suggest that even 
end-stage CAD individuals (presumably included in 
the ‘conventional treatment’ group) may exhibit certain 
characteristics, allowing for safe performance of myocardial 
revascularization instead of transplant. At the end of the 
20th century, some studies aimed at identification of criteria 
facilitating decision making and referral of end-stage CAD 
patients for either CABG or heart transplantation. In 1997, 
Hausmann et al. investigated a population of 514 end-
stage CAD patients, 225 of them were considered potential 
transplant candidates. Hausmann and his group (40)  
emphasized the role of individual patient assessment and 
presented a set of clinical parameters, enabling proper 
therapy choice. Of them, the presence of viable myocardium 
and coronary targets suitable for grafting appeared essential 
for treatment allocation. Eventually, the results in end-
stage CAD patients, properly selected for myocardial 
revascularization, turned out not to be inferior when 
compared to those of heart transplant recipients. Presence 
of viable (or ‘hibernating) myocardium enabled redirection 
of end-stage CAD patients from transplant candidacy 
towards conventional revascularization with promising 
results (41). 

Tjan et al. (42) showed that even patients with severely 
depressed ventricular function (i.e., EF <20%) might 
benefit from myocardial revascularization, as long as 
viable myocardium and coronary vessels suitable for 
revascularization were present. In this small population (51 
patients of over 7,000 undergoing CABG) 1-year survival 
was comparable to that of the control transplant group.

Ventricular assist devices

Though heart transplantation has been a recognized 
treatment for end-stage heart failure, contemporary growing 
number of patients requiring transplant cannot be matched 
by organ availability. According to the Annual Report of 
the Eurotransplant International Foundation from 2018, 
only 42% of patients on waiting list could be transplanted 
within the first year of listing, whereas 14% of patients died, 
awaiting transplant procedure (Eurotransplant International 

Foundation Annual Report 2018 (43). Implementation of 
mechanical heart unloading in these patients has emerged 
as an alternative, allowing for mortality reduction while on 
the transplant waiting list (38,44). LV assist devices (LVAD) 
have been shown to provide most spectacular reverse 
remodeling of a failing heart in a long-term perspective, 
when compared to heart failure pharmacologic treatment or 
even cardiac resynchronization therapy (45). 

Historically, the most efficient unloading could be 
achieved with pulsatile flow first-generation LVADs. 
Currently, continuous-flow devices have been increasingly 
implanted, offering less trauma due to their smaller sizes, 
better applicability in smaller patients, higher mechanical 
durability, reduced thrombogenicity and reduced infection 
rates (46). Hetzer and colleagues presented an extensive 
experience with rotary blood pumps, implanted in more 
than 1,000 patients. Though totally changing physiologic 
flow patterns, rotary devices proved their safety and efficacy, 
resulting from constant improvements of design, durability 
and size. Currently, rotary blood pumps have evolved to 
become a standard of care in heart failure patients, offering 
satisfactory results and acceptable risk (47).

In recent years, there has been an ongoing debate 
whether myocardial function in patients with ischemic 
cardiomyopathy may recover under long-term MCS. 
Depending on study design, conflicting results regarding 
potential of ‘bridge-to-recovery’ concept to generate 
sustained myocardial recovery in end-stage heart failure 
have been reported. According to Drakos et al., the above-
mentioned discrepancies might have been associated 
with lack of well-designed protocols to assess function 
of unloaded heart and well-defined criteria of LVAD-
induced myocardial recovery (48). In 1999 Hetzer and 
colleagues reported on their initial series of patients 
with dilatative cardiomyopathy, experiencing myocardial 
recovery under MCS. The Hetzer group emphasized the 
role of appropriate duration of unloading, contributing 
to sustained remodeling and certain molecular changes, 
such as β-receptor up-regulation, crucial for promotion of 
myocardial function improvement (49). With no doubt, 
the etiology of myocardial dysfunction remains one of the 
major factors predicting future therapy success. Though 
ischemic cardiomyopathy was believed to confer less 
promising and sustained recovery results, recent study by 
Wever-Pinzon showed that selected patients with ischemia-
triggered heart failure presented with potential for durable 
functional myocardial improvement upon mechanical 
unloading. In addition, it was suggested LVAD implantation 
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could be supplemented by excision of non-viable (scarred) 
myocardium to eliminate trigger for further remodeling. 
Mechanical support might also offer a possibility to 
reassess myocardial viability in order to distinguish areas 
potentially eligible for future targeted therapies enhancing 
recovery effect (50). In a recent review paper, Dandel and 
colleagues emphasized the role of extensive investigations 
on a molecular level, providing insights into mechanisms 
of myocardial recovery and reverse remodeling promoted 
by mechanical heart unloading. Further studies are needed 
to establish universal criteria allowing for prediction of 
possible recovery under MCS (51).

Use of intra-aortic balloon pump (IABP)—what has 
changed?

For more than 60 years ,  IABP has  been used in 
cardiovascular medicine as the most widely implemented 
mechanical cardiac support. Its functional mechanism is 
based on afterload reduction and augmentation of coronary 
flow and oxygen supply, resulting in optimization of 
myocardial performance (52). In recent decades, IABP has 
been used for treatment of complicated acute myocardial 
infarction (cardiogenic shock, mechanical complications), 
as well as prophylactically in high-risk patients or 
postoperatively in cardiac surgery recipients experiencing 
difficult separation from cardiopulmonary bypass or low 
cardiac output syndrome (LCOS).

In case of an acute myocardial infarction with related 
hemodynamic instability, previous European Guidelines on 
myocardial revascularization used to recommend routine 
IABP insertion prior to coronarography (9). This clinical 
practice, however, became a subject of critical evaluation 
after publication of a large, randomized Intra-aortic Balloon 
Pump in Cardiogenic Shock (IABP-SHOCK II Trial), 
which showed no benefits in terms of reduction of 30-
day mortality and improved long-term survival in patients 
presenting with infarction-related cardiogenic shock (53,54). 
Thus, according to current guidelines, a routine IABP 
insertion in acute myocardial infarction complicated by 
cardiogenic shock is no longer recommended, though intra-
aortic counterpulsation may confer improvement of certain 
hemodynamic parameters (11,55). 

In cardiac surgery setting, IABP is implemented 
either prophylactically in patients at risk of postoperative 
hemodynamic compromise, or postoperatively in case of 
low cardiac output. Prophylactic IABP implantation has 
been a subject of discussion since previous and recent 

studies yield somewhat conflicting conclusions. A recent 
meta-analysis of randomized trials on prophylactic 
IABP use not only summarized results of select 9 studies 
conducted between 1997 and 2013, but also tried to explain 
the reasons for inconsistences between reports. The 
main weakness of all trials was a small group size making 
generation of reasonable conclusions regarding mortality 
difficult. According to Pilarczyk et al. (56), a group of at 
least 400 study participants would have been necessary 
to demonstrate significant differences in survival. In 
addition, the analysis revealed lack of clearly defined ‘high-
risk population’. Further, there was a subset of patients 
undergoing surgery on a not-elective basis, presenting with 
various degree of hemodynamic instability. Finally, duration 
of follow-up was relatively short in all trials. Nevertheless, 
despite the above-mentioned methodological concerns, the 
analysis suggested beneficial effect of ‘prophylactic’ IABP 
implantation in terms of reduced mortality, incidence of 
postoperative LCOS and length of ICU-stay. There is, 
however, a need for adequately powered studies to confirm 
benefits of IABP use prior to surgery (56).

In patients experiencing perioperative LCOS or 
difficulties in separation from cardio-pulmonary bypass after 
cardiac surgery, IABP has been the most commonly used 
form of MCS. According to recent S3 Guidelines for IABP 
use in cardiac surgery, the above-mentioned conditions 
affected between 10% and 45% cardiac surgery patients (57).  
In 2002, Baskett et al. (58) analyzed previous reports on 
experience with IABP implementation in cardiac surgery 
population. Intra- and postoperative IABP implantation 
was independently related to poor prognosis and increased 
mortality. Approximately 40% patients with intra- and 
postoperatively implanted IABP required other forms of 
MCS. According to Baskett et al., at the beginning of the 21st 
century, IABP treatment for postoperative LCOS appeared 
very well established, even though its use was based on 
common practice rather than on strong evidence (58).  
Contemporary S3 Guidelines recommend prompt IABP 
implementation for cardio-pulmonary bypass weaning 
difficulties and/or low cardiac output, though underlying 
literature evidence derives partially from observational 
studies or randomized trials of limited quality (57).

IABP implantation allows not only for successful weaning 
off cardiopulmonary bypass, but due to providing (at least 
temporary) hemodynamic stabilization, enables evaluation 
of therapy goals and prognosis. Prediction of possibility for 
IABP weaning appears crucial for directing future therapy. 
Bearing in mind that IABP patients might require long-
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term mechanical heart support, Hausmann et al. presented 
an original scoring system for assessment of IABP weaning 
possibility. Several clinical parameters, incorporated in 
the score, occurred to be valuable predictors of chances 
for IABP cessation and postoperative survival (59). Based 
on the study by Hausmann and others, current guidelines 
recommend stepwise IABP weaning under consideration of 
hemodynamic and lab parameters. In case of IABP inability 
to provide sufficient circulatory stabilization, scoring 
systems facilitate decision-making and predict the need for 
escalation of mechanical cardiac support (57,60). 

Conclusions

Surgical therapy of patients with end-stage CAD remains 
complex, however the results have improved within the 
last decades, reflecting progress in operative technique and 
postoperative care. In this high-risk population CABG 
still constitutes a valuable treatment option with outcome 
comparable with that of heart transplantation. SVR, 
previously widely used and enthusiastically welcomed, 
have recently became a domain of centers of excellence. 
Nevertheless, it still constitutes an important adjunct 
to myocardial revascularization, providing further 
improvement of myocardial performance. 

Existing viable myocardium still plays an important 
role in prediction of potential myocardial recovery in 
patients treated with MCS. However, recent studies have 
shown that EF improvement, resulting from restoration of 
proper perfusion in viable, hibernating heart muscle, is not 
associated with increased, long-term survival. 

Current evidence for beneficial effect of IABP in 
myocardial infarction-related cardiogenic shock appears to 
be limited. In cardiac surgery, however, IABP implantation 
has remained the most commonly used form of short-term 
circulatory support. 

Recently, some minimally invasive methods for treatment 
of CAD-associated heart failure have been developed. 
Though currently not widely implemented, their expansion 
might be expected, reflecting a contemporary trend towards 
reduction of procedure invasiveness. 
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