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SUMMARY
Background: Over the past two decades, minimally invasive techniques for 
classic heart valve surgery and isolated bypass surgery have been developed 
that enable access to the heart via partial sternotomy for most aortic valve 
 procedures and via sternotomy-free mini-thoracotomy for other procedures. 

Methods: We review the current evidence on minimally invasive cardiac 
 surgery on the basis of pertinent randomized studies and database studies 
 retrieved by a selective search in the MEDLINE and PubMed Central databases, 
as well as by the Google Scholar search engine. 

Results: A PubMed search employing the search term “minimally invasive 
 cardiac surgery” yielded nearly 10 000 hits, among which there were 7 
 prospective, randomized, controlled trials (RCTs) on aortic valve replacement, 
with a total of 477 patients, and 3 RCTs on mitral valve surgery, with a total of 
340 patients. Only limited reports of specified centers are currently available 
for multiple valvular procedures and multiple coronary artery bypass proce -
dures. The RCTs reveal that the minimally invasive techniques are associated 
with fewer wound infections and faster mobilization, without any difference in 
survival. Minimally invasive procedures are technically demanding and have 
certain anatomical prerequisites, such as appropriate coronary morphology for 
multiple bypass operations and the position of the aorta in the chest for 
 sternotomy-free aortic valve procedures. The articles reviewed here were 
 presumably affected by selection bias, in that patients in the published studies 
were preselected, and there may have been negative studies that were not 
published at all.

Conclusion: Specialized surgeons and centers can now carry out many cardiac 
valvular and bypass operations via minithoracotomy rather than sternotomy. 
According to current evidence, these minimally invasive techniques yield re-
sults that are at least as good as classic open-heart surgery.
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T he origins of minimally invasive surgery date 
back to the 1950s (1). Laparoscopic and fully 

 endoscopic procedures have in the meantime become 
the standard in visceral surgery and gynecology (2). In 
cardiac surgery, it was only in the mid-1990s that the 
sternum was only partially opened up (3) or to gain 
 access to the heart through a minithoracotomy (4) 
(foregoing sternotomy altogether). A search using the 
term “minimally invasive cardiac surgery” identified 
almost 10 000 publications in PubMed. In spite of all 
this, safety and quality are still the subject of heated 
discussions. Furthermore, there is hardly any evidence 
from controlled studies (Table).

It therefore cannot come as a surprise that most car-
diac surgical procedures are still done by using classic 
median sternotomy (open-heart surgery). In Germany, 
this applies to 92% of all and 98% of isolated bypass 
operations. The use of sternotomy-free techniques 
 currently seems center-specific or surgeon-specific, 
presumably because such procedures are of notably 
greater complexity (5). 

In Germany, the most common cardiac operation 
that is done without sternotomy is mitral valve surgery, 
with almost 50% of all mitral valve operations (2928 of 
6027 procedures in the year 2015). A quarter (3016 of a 
total of 11 307 procedures) of classic aortic valve re-
placement procedures use partial sternotomy (6). These 
rates have increased in particular over the past 10 years 
(5). Whether the development of classic cardiac surgery 
is associated with the introduction of catheter 
 techniques is not the subject of this article and will 
therefore not be discussed. Furthermore, to date no 
prospectively randomized studies have compared inter-
ventional approaches with minimally invasive cardiac 
surgery.

In our experience, however, the fact is that patients’ 
perceptions and expectations have changed. Patients in-
creasingly ask for a therapeutic approach that leaves the 
sternum intact. Those doctors who want to meet this 
new challenge therefore need to realize that minimal in-
cisions in cardiac surgery require greater technical 
skills. For this reason, doctors should become familiar 
with current study data.

Minimally invasive cardiac surgical 
 procedures: evidence from studies
In order to ascertain current study data, we conducted 
an extensive literature search in MEDLINE, PubMed 
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Central, and by using the Google Scholar search en-
gine. We used the following search terms: “prospective 
randomized trial”, “aortic valve surgery”, “mitral valve 
surgery”, “minimally invasive versus sternotomy”, “port 
access”, and “minithoracotomy versus median sternotomy”.

From 10 000 search results, we were able to identify 
only 10 prospectively randomized controlled trials, 
which included a total of 477 patients in 7 aortic valve 
studies and 340 patients in 3 mitral valve studies 
(Table). Among the many non-randomized studies, we 
identified 24 including a minimum of 200 patients each 
(eTable 1 [aortic valve] and eTable 2 [mitral valve]), all 
of which used multivariate analysis for their statistical 
evaluation; 14 additionally used propensity matching to 
adjust risk. All studies compared procedures using 
 minimally invasive access versus those using median 
sternotomy. 

None of the prospectively randomized controlled 
trials found a difference in perioperative mortality (in a 
small total number of patients, as described). Especially 
in the aortic valve studies, the trend was one of fewer 
blood transfusions (significant in 2/7 studies), less pain, 
and faster mobilization (significant in 3/7 studies). In mi-
tral valve surgery, the results were neutral except for the 
smaller incision and longer periods on the heart-lung ma-
chine (cardiopulmonary bypass) (Table). The large data-
base and registry analyses did not show any difference in 
perioperative mortality or better results for minimally in-
vasive aortic valve replacement either (7–9).

With survival being practically the same, our focus is 
on secondary endpoints and complication rates. A point 
of substantial criticism of minimally invasive proce -
dures is the commonly used femoral arterial cannu-
lation. Because of descending aortic flow reversal, an 
increased risk of stroke is the subject of controversial 
discussion (10). While individual studies underline this 
worry (11–13), the overall view does not actually 
 identify any increased risk of stroke for minimally in-
vasive aortic valve surgery nor for minimally invasive 
mitral valve surgery (Table, eTables 1 and 2) (14).

The situation is similar for other results and compli-
cations. Individual studies have reported increased 
rates of hemorrhages and revision thoracotomies 
 (eTables 1 and 2), complications after femoral vessel 
cannulation (15), or a seemingly very high rate of con-
version into median sternotomy (14.4% [16] and 15% 
[17]). Other groups, however, have described positive 
effects of minimally invasive procedures (Table, Boxes 
1 and 2). Especially for sternotomy-free techniques, 
their results showed earlier extubation (−1 h) and rein-
tegration into working life (7 days earlier) as well as 
less pain compared with complete or partial sternotomy 
(18, 19). These results are consistent with our own ex-
periences (Färber et al., 2017 annual meeting of the 
German Society for Thoracic and Cardiovascular Sur-
gery [Deutsche Gesellschaft für Thorax-, Herz- und 
Gefäßchirurgie, DGTHG]. Additionally, we showed in 
a recent analysis including more than 450 patients that 
percutaneous femoral vessel cannulation reduces local 
complication rates significantly (20).

The results seem to depend on the center where the 
procedure was performed, but also, and primarily, on 
the operating surgeon. Holzhey et al. have published re-
markable differences in the learning curves of different 
surgeons at the same center in terms of conducting 
 minimally invasive mitral valve surgery (21). The 
 authors described how some surgeons delivered the ex-
pected results or better than expected results from the 
off, without any learning curve, whereas others always 
achieved worse results than expected and therefore 
 remained below any expected learning curve (21).

Given that using a minimally invasive procedure 
yields the same result in situ as would a sternotomy, it 
might be expected that durability and prognosis are also 
identical (22–24). These assumptions are supported by 
Ariyaratnam et al. (22) and Glauber et al. (24), who 
showed results that were identical to those after sternot-
omy, 10 years after a minimally invasive procedure.

However, it should be pointed out that in this area, 
the pre-selection of patients (selection bias) impairs the 
ability to interpret the results in two different ways:

● A surgeon will obviously select only a suitable pa-
tient for minimally invasive surgery, which probably 
means pre-selection (details in Box 2).

● In most of the non-randomized studies and a very 
small number of randomized patient groups, the 
 possibility exists that less positive results are never 
published. For this reason, the current recommendation 
is that such specialized procedures should be under-
taken only at specified reference centers (5, 25).

Anesthesia and postoperative care  
in minimally invasive procedures
Although special anesthesiologic aspects have thus far 
not been studied in isolation, secondary end-
points—such as the length of stay in intensive care, the 
need for transfusion, and the rate of wound infections 
(5, 26, 27)—indicate differences in the administration 
of the anesthesia and in postoperative care. In our 
 experience, for example, patients treated by using 
 minimally invasive techniques are more suitable for 
early postoperative extubation. Wound infections 
usually take a milder course after sternotomy-free 
methods and do not entail the risk of permanent insta-
bility of the sternum (unpublished observations).

These potential advantages are often countered by 
longer periods on cardiopulmonary bypass and longer 
aortic cross-clamping times (Table). Furthermore, re-
ports exist of mostly unilateral pulmonary edema after 
access through right-sided minithoracotomy. Keyl et al. 
described—in a study of 485 patients treated by using 
minimally invasive surgery—a rate of 7.85% (28). The 
causes of pulmonary edema, which in practice has been 
described only for minimally invasive valve surgery, 
are not known. What is striking, however, is that all 
publications on this subject used one-lung ventilation 
through a double-lumen endotracheal tube. The studies 
described the following risk factors:

● Diabetes mellitus
● Chronic obstructive pulmonary disease
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● Pulmonary hypertension
● Administration of fresh frozen plasma (28–30). 
The use of dexamethasone during cardiopulmonary 

bypass had a protective effect (28), which lends support 
to the possibility of an inflammatory trigger. However, 
unilateral pulmonary edema after minimally invasive 
surgery is rarely clinically apparent (28, 30). In our ex-
perience, this problem is rare (in our subjective percep-
tion/observation <1%). However, we undertake double-
lumen endotracheal intubation and one-lung ventilation 
only in exceptional circumstances (20). From an 
 anesthesiologic perspective, minimally invasive access 
to the heart allows a greater degree of flexibility in ad-
ministering anesthesia and in postoperative care in the 
intensive care ward.

The spectrum of minimally invasive 
 techniques
The Figure shows a collection of postoperative 
 photographs after different minimally invasive cardiac 
procedures, for which to date sternotomy would have 
been the only access route. Figure 1a shows the access 
route for aortic valve surgery. A skin incision of 
 approximately 5 cm was used to open up the second 
 intercostal space on the right side of the sternum. The 
patient furthermore underwent aortic valve reconstruc-
tion of a bicuspid valve. Normally, the aortic valve is 
replaced in this setting. Figure 1b shows the usual ac-
cess route for minimally invasive mitral and tricuspid 
valve surgery, through the fourth intercostal space ante-
rolaterally. The patient underwent reconstruction of the 
mitral valve. Figure 1c shows the access route for 
multiple valve procedures, including the aortic valve 

through to the tricuspid valve. We adapted the access 
route individually to the patient by using preoperative 
computed tomography analysis. Usually the access 
route will be through the second or third intercostal 
space anterolaterally. The patient received an aortic 

BOX 1 

Examples for broadening the spectrum of procedures by using minimally invasive 
cardiac surgery*1

● Tricuspid valve—Reconstruction or valve replacement without sternotomy or cross-clamping the aorta. As reoperation 
 transpericardial access without substantial risk of hemorrhage*2

● Mitral valve—After prior operations repair or replacement with beating/fibrillating heart, with a minimal amount of tissue 
 dissection and without having to cross clamp the aorta (33)*3

● Reoperations with prior wound infections (especially in the absence of a sternum)*4

● Procedures in patients with morbid obesity, to prevent sternum instability and wound infections (e11)
● Procedures in patients with severely impaired lung function (8)
● Procedures in patients with pulmonary hypertension (e12)
● Procedures in patients with severe osteoporosis*4

● Procedures in patients with a tendency to hemorrhage, dual platelet inhibition (e2)
● Procedures in patients with renal failure or severe diabetes mellitus (e2)

*1 Situations in which minimally invasive surgical techniques have broadened the spectrum of cardiac surgical therapies and have made their undertaking 
 easier or possible; *2 Congress contribution Färber et al., annual meeting of the European Association for Cardio-Thoracic Surgery (EACTS) 2016;  
*3 Congress contribution Färber et al., annual meeting of the German Society for Thoracic and Cardiovascular Surgery (DGTHG) 2017; *4 Authors’ own 
 observations, unpublished.

BOX 2

Limitations of cardiac surgery 
through minithoracotomy
● Bypass surgery

–  Diffuse coronary heart disease with a poor periphery
● Valve surgery (general)

–   Presence of mitral annular calcification (MAC)
–  Substantially impaired ventricular function
–  Pulmonary adhesions 
–  Abscess formation in endocarditis
–  Porcelain aorta

● Valve surgery (especially of the aortic valve and 
combinations with the aortic valve)
– Vertically ascending aorta 
– Very narrow aorta (<25 mm diameter)

The listed points describe situations that may in some 
 cases represent a true contraindication for minimally inva-
sive access and in other cases do not impair such access 
or even necessitate it. Individual fine-tuning is therefore 
 required.

780 Deutsches Ärzteblatt International | Dtsch Arztebl Int 2017; 114: 777–84
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valve replacement for stenosis and a mitral valve recon-
struction for  anterior leaflet prolapse. It should be 
borne in mind, however, that especially these multiple 
valve procedures entail a high degree of complexity. 
We can only repeat our recommendation to attend 
specialized centers (5, 25). In such centers, these pro-
cedures are even now part of the standard healthcare 
repertoire (20, 31, 32). 

The increasing expertise in minimally invasive 
 techniques has in some centers led to an expansion of 
surgical treatment options (5). Box 1 lists situations 
where minimally invasive access has either simplified a 
surgical procedure or was actually the crucial factor in 
making it at all possible. To give an example, this 
would include patients with isolated tricuspid valve 
 regurgitation, who have often had previous cardiac 
 surgery. In our experience, many such patients are 
treated conservatively because the risk for surgery is 
estimated to be prohibitively high. However, we 
showed in more than 100 patients with isolated 
 tricuspid valve regurgitation that sternotomy was as-
sociated with higher perioperative mortality compared 
with a minimally invasive, beating-heart, transpericar-
dial technique, and is actually an independent risk 

 factor (from 27% to 7%, hazard ratio 2.67; 95% confi-
dence interval 1.18 to 6.03). In these patients, the mean 
NYHA score (classification of the New York Heart As-
sociation) was improved by more than 1 (Färber et al., 
2016 annual meeting of the European Association for 
Cardio-Thoracic Surgery). Similarly, in reoperations, 
the mitral valve can be minimally invasively replaced 
or reconstructed on the beating or fibrillating heart 
([33] and authors’ own unpublished observation 2017).

The situation is different in patients who because of 
morbid obesity or severe osteoporosis are at increased 
risk of impaired wound healing after sternotomy (5). 
The only cardiac valve that cannot be tackled by means 
of right-sided minithoracotomy is the pulmonary valve, 
which rarely requires surgical treatment in adults.

Minimally invasive coronary surgery
Developments have also taken an interesting course in 
coronary surgery. The minimally invasive procedures 
known to date were restricted to grafting the left 
 internal mammary artery (LIMA) to the left anterior 
 descending artery (LAD) (34). This so called MIDCAB 
(minimally invasive direct coronary artery bypass graft-
ing) procedure was then combined with interventions in 

Figure: Postoperative result to illustrate surgical access in different minimally invasive procedures
a) Patient, 5 days after aortic valve reconstruction. Access through the second intercostal space is particularly suitable for isolated 

 aortic valve replacement if the aorta takes a convex right course
b) Patient, 6 weeks after mitral valve reconstruction for posterior leaflet prolapse. Anterolateral access through the fourth 

 intercostal space is an option for most mitral or tricuspid valve procedures.
c) Patient, 6 days after aortic valve replacement for stenosis and mitral valve reconstruction in for  anterior leaflet prolapse. 

Anterolateral access through the second or third intercostal space provides access to all valves (except the pulmonary valve) if the aorta 
takes a convex right course. 

d) Intraoperative photograph of a surgical site in minimally 
invasive triple bypass surgery through a left anterolateral 
minithoracotomy. Deep down the aorta is visible with the 
 already placed anastomoses of a radial artery (a) and a leg vein 
(b). The microclamp that is secured with a rubber band in the 
right margin of the photo sits on the left internal mammary artery 
(LIMA) (c). The patient underwent a triple bypass operation, with 
the LIMA grafted to the left anterior descending (LAD) artery, the 
radial artery to the circumflex artery, and the vein to the interven-
tricular posterior branch of the right coronary artery.

a b c

d
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the area of the circumflex artery and the right coronary 
artery (so called hybrid procedure) (35).

The latest developments, especially in the area of 
thoracic retractors and minimally invasive instruments, 
allow complete revascularization in a wide range of 
techniques by using a left-anterolateral (MIDCAB) ac-
cess ([35] ad Diab et al., DGTHG annual meeting 
2017). Figure 1d shows an intraoperative image from 
our operating theater of such a minimally invasive pro-
cedure, using the left internal mammary artery, a radial 
artery, and a vein, with the proximal anastomoses con-
ventionally connected to the aorta. Y graft and T graft 
techniques are normally used in this setting.

Ruel et al. used such approaches in 91 consecutive, 
prospectively observed patients (not controlled or ran-
domized) and after 6 months used CT angiography to 
check for the patency of the bypass graft as a primary 
endpoint (35). They found a patency rate from LIMA to 
LAD of 100% as well as 92% patency of the additional 
bypass graft, and thus showed that these procedures are 
technically feasible. These techniques do, however, 
present particular challenges to the surgeon and have to 
date become notably less well established than the 
 minimally invasive valve operations.

Conditions for and limitations of cardiac 
 surgery by using minithoracotomy
As partly mentioned earlier, undertaking cardiac 
 surgery through left or right anterior minithoracot-
omy—especially aortic valve surgery—requires certain 
anatomical conditions. For coronary surgery, the 
quality of the target vessels is of primary importance. If 
a patient’s coronary morphology is complex—for 
example, if they have small distal target vessels 
 covered in plaques—minimally invasive access seems 
disadvantageous, as left lateral access provides easier 
access to the peripheral vessels but not to the more 
proximal parts.

Especially for aortic valve surgery, the anatomical 
conditions are more important. Box 2 lists several con-
ditions that make surgery through minithoracotomy 
more difficult and can therefore be regarded as a con-
traindication. However, as is usually the way, the 
number of contraindications falls with the increase in 
experience (21)—so most limitations can be considered 
a relative contraindication in case the surgeon has the 
relevant expertise. For example, if the aorta ascends 
vertically straight directly behind the sternum, this 
makes access to the aortic valve from the right more 
difficult, and partial or complete sternotomy may be the 
more suitable procedure (18). Sternotomy-free access 
is still often possible, however (5).

The driver behind developments in cardiac 
surgery
It is interesting to observe that minimally invasive 
 techniques in cardiac surgery developed initially 
slowly, but how, in the past few years, their develop-
ment has accelerated (5). The reasons might include as 
a long and steep learning curve, late skills acquisition 

in the course of a long surgical career, and increased 
technical skills, with “only” comparably good results 
(5, 21). We believe, however, that these developments 
are happening independently of the existing evidence 
(5), and that patients’ and doctors’ individual percep-
tions have a crucial role in all this.

Traditional cardiac surgery, for which, so far, no 
 alternatives have existed, is now in competition with 
continually increasing options for intervention. Patients 
can choose—and their perception often is—that a 
smaller incision or percutaneous groin vessel cannu-
lation is associated with a lower risk or a gentler 
 procedure. This perception, which is also observed in 
doctors, is often not supported by the actual evidence, 
however. Most studies that compared a “large incision” 
with a “small incision” or with femoral percutaneous 
groin vessel cannulation showed identical in-hospital 
mortality or mortality at 30 days, independently of 
whether the procedure was interventional aortic valve 
implantation versus surgical replacement or a cardio-
pulmonary bypass procedure versus a percutaneous 
 intervention (36–38).

A valuable new development in terms of minimizing 
or avoiding invasiveness is the option of imaging the 
coronary arteries by using CT scanning (39). This 
means that there is no longer a need for prior diagnostic 
cardiac catheterization. This development will lead to 
further reaching changes.

The deliberations above therefore allow the plau -
sible conclusion that patients as well as many doctors 
have an enormous amount of respect for open-heart 
surgery using sternotomy. This insight, which is not 
 primarily based on prospective randomized controlled 
trials, is in our opinion what is behind the recent crucial 
developments in conventional heart surgery. It also 
means, however, that defining the indication respon-
sibly in terms of the achievable surgical result should 
crucially influence the decision-making process in 
favor of minimally invasive access or sternotomy.

Conclusions
Conventional heart surgery has undergone extensive 
changes over the past decade. Specialist surgeons and 
centers are now equipped to undertake many isolated 
and combined cardiac valve procedures as well as iso-
lated single and multiple bypass operations without 
using sternotomy, through minithoracotomy. Although 
evidence from prospective randomized trials is poor, 
the available information, paired with a multitude of 
additional database and registry analyses, implies that 
minimally invasive procedures are in many indications 
able to yield at least equal results to conventional heart 
surgery. Without sternotomy or by using partial sternot-
omy, surgical results can be achieved that are supported 
by decades of documentation and follow-up.

Such proof will still have to be brought for new 
 procedures and products, whether these are interventional 
or surgical. In our experience, and with short term and 
long term results being equal, informed  patients practically 
always decide in favor of the less invasive procedure.
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