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                        ORIGINAL ARTICLE    

 J-shaped versus median sternotomy for aortic valve replacement 
with minimal extracorporeal circuit      

    ALAADDIN     YILMAZ  1  ,       JELENA     SJATSKIG  1  ,       WIM J. VAN     BOVEN  1  ,       FRANS G.     WAANDERS  2  ,  
     JOHANNES C.     KELDER  3  ,       UDAY     SONKER  1    &        GEOFFREY T. L.     KLOPPENBURG  1    

  1  Department of Cardiothoracic Surgery, St. Antonius Hospital, Nieuwegein, The Netherlands,   2  Department of Clinical Perfusion, 
St. Antonius Hospital, Nieuwegein, The Netherlands and   3  Department of Cardiology, St. Antonius Hospital, Nieuwegein, 
The Netherlands                              

 Abstract 
  Objectives.  Minimal access Aortic Valve Replacement (AVR) has been demonstrated to have benefi cial effects over median 
sternotomy. Minimal extracorporeal circulation (MECC) has been shown to have less deleterious effects than conventional 
cardiopulmonary bypass. We describe for the fi rst time AVR via upper J-shaped partial sternotomy compared to median 
sternotomy using MECC.  Methods.  Prospectively collected pre-operative, intra-operative, post-operative and follow-up data 
from 104 consecutive patients who underwent minimal access AVR were compared to 72 consecutive patients undergoing 
median sternotomy using MECC during the same period (January 2007 to December 2009).  Results.  No signifi cant dif-
ferences were found in patient ’ s characteristics or intra-operative data with the exception of pre-existing pulmonary disease. 
The mean cardiopulmonary bypass (86  �  18 min vs. 78  �  15 min, p  �  0.0079) and cross-clamp times (65  �  13 min vs. 
59  �  12 min, p  �  0.0013) were signifi cantly shorter in the median sternotomy group. Mediastinal blood loss (397  �  257 ml 
vs. 614  �  339 ml, p  �  0.0001) and ventilation time (8  �  6.9 h vs. 11  �  16.5 h, p  �  0.0054) were signifi cantly less in the 
minimal access group. No differences were seen in transfusion requirements, inotropic support, intensive care unit (ICU) 
stay, total hospital stay, post-operative haemoglobin drop, major events or mortality. Quality of life scores after discharge 
demonstrated less pain with a quicker recovery and return to daily activities in patients receiving J-shaped sternotomy. 
 Conclusions.  Minimal access AVR using MECC is feasible and provides excellent clinical results. Less pain and quicker 
recovery was experienced among patients in this group.  

  Key words:   aortic valve replacement  ,   minimal extracorporeal closed circuit  ,   minimal invasive   

 Median sternotomy has been the standard surgical 
approach for replacement of diseased aortic valves 
since the late 1950s (1). Minimal access techniques 
for aortic valve replacement (AVR) are gaining popu-
larity over the past 10 years. Better clinical outcomes 
by reducing pain and surgical trauma, improving 
cosmetics, decreasing blood loss, earlier functional 
recovery and shorter hospital stay reducing total 
costs have been demonstrated (2 – 5). The majority 
of these operations have been performed with stan-
dard cardiopulmonary bypass (CPB). Many studies 
have demonstrated the deleterious effects of stan-
dard CPB like haemodilution, cytokine response 
and initiation of coagulation cascade (6,7). To over-
come these drawbacks of CPB Wiesenack et al. in 

2004, presented a retrospective series of patients 
undergoing coronary artery bypass surgery with 
minimal extracorporeal circulation (MECC) dem-
onstrating reduction in post-operative complica-
tions and blood loss (8). Other studies also have 
demonstrated the benefi cial effects of MECC in 
lowering the post-operative infl ammatory responses 
(9,10). In addition, AVR via standard median ster-
notomy utilising MECC has been shown to have 
better outcomes than AVR with conventional perfu-
sion techniques (11). Recently we have described 
our initial experience in minimal access AVR with 
the use of the MECC (12). We now present a com-
parison of minimal access AVR to median sterno-
tomy using MECC.  
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 Material and methods  

 Data collection 

 One hundred and four patients were operated on 
using minimal access AVR using MECC from Janu-
ary 2007 to December 2009. These patients were 
compared to patients (n  �  72) undergoing AVR using 
median sternotomy and MECC during the same 
period. The choice of technique was based on sur-
geon ’ s preference. The local Ethical Committee 
approved this study and waived the need for indi-
vidual consent. Data were collected prospectively. 
Patient characteristics for both groups are sum-
marised in Table I. Follow-up assessing patient satis-
faction and post-operative quality of life (QOL) was 
performed by SF-12  ®   health questionnaires at one, 
four, eight and 12 months (12).   

 Operative technique  

 Anaesthetic management.   Patients in both groups 
received standard premedication (diazepam 10 mg) 
one hour before arrival to the operating room. 
Induction of anaesthesia was performed with 
intravenous sufentanyl and propofol. Muscle relax-
ation was achieved with pancuronium (0.1 mg/kg). 
Anaesthesia was maintained with a combination 
of propofol (2 – 3 mg/kg/h) and isofl urane. A full 
dose of heparin (300 IU/kg intravenously) was 
given and activated clotting time was maintained 
above 400 seconds. On completion of the proce-
dure heparin was reversed with protamine at 1:1 
equivalent dosage. 

 All patients were transferred to the intensive care 
unit (ICU) remaining sedated and mechanically 
ventilated based on our local protocol. Criteria for 
the post-operative use of blood products did not 
differ between both groups and were: administra-
tion of packed red blood cells when haemoglobin 
less than 8.0 g/dl, fresh frozen plasma when Inter-
national Normalised Ratio more than 2.0, thrombo-
cytes when thrombocytes count was less than 
100  �  10 9  per litre.     

 Cardiopulmonary bypass.   Maquet HL30 heart lung 
machines (Maquet Cardiopulmonary, Hirrlingen, 
Germany) were used in both groups. MECC con-
sisted of a totally closed Bioline heparin coated 
system circuit with rotafl ow centrifugal pump, 
Quadrox-i microporeus membrane oxygenator and 
venous bubble trap (VBT) (Maquet Cardiopul-
monary, Hirrlingen, Germany). A blood collection 
reservoir connected to the VBT was integrated in 
the circuit. No open venous reservoir was present. 
Autologus retrograde priming of the MECC was 
performed, reducing priming volume to 250 cm 3 . 
Cell saver drainage was used for intrapericardially 
blood shed. A pulmonary artery vent (Medtronic 
Inc, DLP catheter 13 Fr, Minneapolis, USA) was 
inserted via the main pulmonary trunk distal to the 
pulmonary valve. Optional sump suction directly 
through the aortotomy was used when necessary. 
Pulmonary artery vent was directly connected to the 
venous bubble trap maintaining the same level of 
vacuum suction. Aortic root vent ran via a drip 
chamber and was also connected to the venous bub-
ble trap. Continuous carbon dioxide (CO 2 ) fi eld 
fl ooding (6 l/min) was maintained during the entire 
procedure. Antegrade warm blood cardioplegia 
(Calafi ore, 1.7 mmol/ml potassium) was adminis-
tered via the aortic root and repeated every 15 – 20 
minutes thereafter selectively via the coronary ostia. 
Nasopharyngeal temperature was kept at 34 ° C.   

 Surgical procedure.   Minimal access AVR using 
MECC was performed as previously described by 
Yilmaz et al. (13). In short; the patient was in supine 
position with access to the groin for arterial and 
venous femoral canulation. A 4 – 5cm median, sub-
jugular skin incision was performed in the upper 
sternal region. This was followed by a J-shaped par-
tial sternotomy into the right third intercostal space, 
performed with an oscillating saw. First insertion 
of an appropriate sized femoral artery cannula 
(Medtronic Inc.) using Seldinger technique was 
performed. This was followed by insertion of a dual 
stage venous 21 to 25 Fr cannula (Medtronic Inc.) 
under transeosophageal echocardiography (TEE) 

  Table I. Baseline patient characteristics.  

 Upper 
J-shaped  

   sternotomy 
   n  �  104 

 Standard 
median 

sternotomy 
   n  �  72  p-value 

Age (years) 66.2  �  14.4 69.3  �  12.3 0.1415
Gender male/female 52/52 34/38 0.8344
BMI (kg/m 2 ) 27.1  �  4.3 27.7  � .8 0.4321
COPD 17 (23%) 9 (9%) 0.0122
Preoperative AMI 5 (4%) 3 (5%) 0.8891
Diabetes 18 (18%) 9 (13%) 0.4459
Hypertension 44 (43%) 36 (50%) 0.4253
Active smoker 19 (18%) 9 (13%) 0.4126
Hypercholesterolemia 31 (30%) 25 (35%) 0.5569
Preoperative haemoglobin 13.6  �  1.5 13.5  �  1.4 0.5720
Aortic stenosis 90 (87%) 62 (86%) 0.8870
Aortic insuffi ciency 52 (51%) 36 (50%) 0.9569
Mixed AS and AI 39 (38%) 27 (38%) 0.8954
Ejection fraction (%) 57.6  �  9.8 58.6  �  9.5 0.6152
Previous cardiac surgery 4 (4%) 3 (4%) 0.7658

   Body mass index, BMI; chronic obstructive pulmonary disease, 
COPD; acute myocardial infarction, AMI; aortic stenosis, AS; 
aortic insuffi ciency, AI.   
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guidance in a bicaval position till the tip of the can-
nula was visible in the superior vena cava using 
Seldinger technique via the femoral vein. The cross 
clamp was applied through the sternal incision. 
Patients receiving a full sternotomy were cannulated 
using venous access through the right atrial append-
age and arterial access in the ascending aorta. A 
hockey stick aortotomy was performed to access the 
aortic valve in both groups. Excision of the diseased 
aortic valve was followed by placement of inter-
rupted sutures (Ticron 2-0, Ethicon) with the 
pledgets subannular (see Table II for operative 
data). The aortic incision was closed using a double 
layer technique (Blalock) and a ventricular pace-
maker was placed. De-airing was performed by 
cessation of the pulmonary artery venting, fi lling 
of the heart, ventilation of the lungs in trendelen-
burg position and suction on the aortic root vent 
before release of the aortic clamp. The patients were 
weaned from CPB, when they were haemodynami-
cally stable and no signifi cant air was seen on 
TEE in the left-sided chambers of the heart. After 
achieving adequate haemostasis, the sternotomy 
was closed using sternal wires and the incision was 
closed in layers.   

 Statistical analysis.   Data were collected prospectively. 
Standard descriptive statistics were computed. For 
the comparison between MECC and the standard 
CPB group we used  χ  2  tests or Fisher ’ s exact test for 
categorical data when appropriate, unpaired t-tests 
or Mann-Whitney tests for continuous data. All 
statistical analyses were performed using R (www.
R-project.org). Continuous variables are expressed 
as mean  �  standard deviation (SD).     

 Results 

 Patient demographics displayed a wide array of co-
morbidities. Signifi cantly higher prevalence of 
chronic obstructive pulmonary disease in the mini-
mal invasive group was seen (Table I). Aortic valve 

stenosis was present in 87% of the patients in the 
minimal invasive group (mean valve area of 
0.74  �  0.17 cm 2 , peak gradient of 84.5  �  24.4 
mmHg) compared to 86% in the standard median 
sternotomy group (mean valve area of 0.73  �  
0.16 cm 2  and peak gradient of 88.8  �  28.2 mmHg) 
(p  �  0.3269 resp. 0.7149). Associated aortic valve 
incompetence, mostly Grade I to II was present in 
38% of the patients in both groups. Intra-operative 
problems encountered in the minimal invasive 
group consisted of two conversions to a full sterno-
tomy. In one patient femoral canulation was impos-
sible due to calcifi cations and a second patient 
had a bleeding from the right atrium during canula-
tion. In the full sternotomy group procedure was 
complicated due to air lock through leakage of the 
venous cannula. This occurred during removal 
of the aortic cross clamp with ventricular rhythm 
and adequate cardiac output. There were no conse-
quences for the patient. 

 The mean cardiopulmonary bypass and cross-
clamp times were signifi cantly shorter in the standard 
median sternotomy group compared to the minimal 
invasive group. No other differences between the 
two groups regarding intra-operative data were seen 
(Table II). The post-operative mediastinal blood loss 
(397 ml  �  257 ml vs. 614 ml  �  339 ml) and the post-
operative ventilation time (8 h  �  6.9 h vs. 11 h  �  16.5 h) 
were signifi cantly less in the minimal access group 
compared to the full sternotomy. Post-operative pain 
(as measured by visual analogue scale at two days 
post-operative) was signifi cantly less in the partial 
sternotomy group. No differences were seen in post-
operative haemoglobin drop, trans fusion require-
ments, inotropic needs, ICU stay, total hospital stay, 
major adverse cardiac events or mortality (Table III). 

 Average follow-up period was 25  �  9 months in 
the minimal invasive group compared to 25  �  12 
months in the median sternotomy group with an 
average overall response rate of 50%. In the standard 
median sternotomy group no correlation between 
responders and age or gender were found. In the 
minimal invasive group responders were younger 
and predominantly male compared to the non-
responders. During follow-up at one, four, eight 
and 12 months post-operative no deaths occurred. 
Pre-operative SF-12 questionnaires revealed no clin-
ically relevant differences between groups. In both 
groups psychological and functional QOL improved 
signifi cantly after surgery compared to pre-operative 
values. Post-operative functional QOL scores in 
the minimal invasive group were signifi cantly higher 
than in the median sternotomy group at 30 days 
and four months. This difference is not present at 
eight months but seen again after 12 months. Post-
operative psychological QOL demonstrated the same 

  Table II. Intraoperative data.  

 Upper 
J-shaped  

   sternotomy 
   n  �  104 

 Standard 
median 

sternotomy 
   n  �  72  p-value 

Cross-clamp time (min) 65  �  13 59  �  12 0.0013
Mean CPB time (min) 86  �  18 78  �  15 0.0079
Total operation time (min) 155  �  25 148  �  27 0.0571
Biological prostheses 73 (70%) 52 (72%) 0.9022
Mechanical prostheses 31 (30%) 20 (28%)

   Cardiopulmonary bypass, CPB.   
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trend as functional testing however signifi cance was 
not reached. No differences were noted in pain expe-
rience after discharge. Patients in the minimal inva-
sive group were more contend with their wound 
(healing) at eight months post-operative as compared 
to the median sternotomy group (p  �  0.015). Patients 
in the minimal invasive group experienced signifi -
cantly less restrictions in their daily activities at four 
and 12 months follow-up compared to the median 
sternotomy group (Figure 1).   

 Discussion 

 In the last decade minimal invasive cardiac surgery 
is emerging and challenging traditional operative 
access. Recent developments in percutaneous 
AVR have spurred interest in other less-invasive 
approaches. Minimal invasive AVR by partial J-shaped, 
V-shaped or transverse upper sternotomy as well as 
parasternal right mini-thoracotomy approaches have 
been described by several investigators with some dis-
crepancies in benefi ts over the years. To our knowl-
edge minimal access AVR has never been compared 
with AVR via median sternotomy with the use of 

MECC. Our series of minimal access AVR using 
MECC shows that post-operative mediastinal blood 
loss, post-operative ventilation time and post-operative 
pain is signifi cantly less when compared to the 
median sternotomy group. No differences were seen 
in transfusion, inotropic requirements, ICU stay, 
length of hospital stay, post-operative haemoglobin 
drop, major events or mortality. Patients in the min-
imal invasive group have a quicker recovery and 
return to daily activities as measured by quality of 
life scores. 

 The baseline characteristics in minimal access 
and median sternotomy groups were similar with the 
exception of presence of chronic obstructive pulmo-
nary disease which was more prevalent in the mini-
mal invasive group. Nevertheless post-operative 
pulmonary complications did not differ between the 
two groups. This suggests a protective effect of the 
partial upper sternotomy leading to increased stabil-
ity of the thoracic cage thus facilitating patients to 
mobilise early and cough more effectively. A reduc-
tion in pulmonary complications after minimal inva-
sive AVR was reported in other studies, although an 
improvement of respiratory function could not always 
be quantifi ed (14 – 16). 

 Conversion to median sternotomy occurred twice 
in our series (2%) which is in agreement with Tabata 
et al. who found a conversion rate of 2.6% in a series 
of 907 patients undergoing AVR by upper J-shaped 
sternotomy (17). Comparison of intra-operative vari-
ables revealed signifi cant longer cross-clamp and car-
diopulmonary bypass times in the minimal invasive 
group. Observed increase in cross-clamp and cardio-
pulmonary bypass times was small with an average 
of six minutes and eight minutes, respectively. The 
increase in total operation time was not signifi cant 
because closing the sternum was obviously quicker in 
the minimal invasive group. Several other groups 
have reported similar or slightly longer operation 
times although some suggest this is the result of a 
learning curve at the beginning (3,18). 

 Post-operative blood loss was signifi cantly less in 
the minimal invasive group although this did not result 
in decreased transfusion requirements in 
our study. Several other investigators have also 
described decreased blood loss after minimal invasive 
AVR, although reduction in use of packed red blood 
cells was not always confi rmed (3,13,16). The minimal 
invasive approach may lead to lower blood loss due to 
decreased surgical trauma to the sternum and sur-
rounding tissues. The use of the MECC system in both 
groups in our study leads to less haemodilution and 
may well be the reason that the decreased blood loss 
did not result in the need for blood transfusion. 

 A drawback of minimal invasive AVR may be 
the diffi culty in deairing the heart at the end of the 

  Table III. Postoperative complications and transfusion 
requirements.  

 Upper 
J-shaped 

   sternotomy 
   n  �  104 

 Standard 
median 

sternotomy 
   n  �  72  p-value 

Intraoperative mortality 0 0 na
Use of IABP 1 (1%) 0 0.8979
Neurological events 1 (1%) 1 (1%) 0.6454
Re-exploration for bleeding 2 (1%) 1 (2%) 0.7467
Wound/sternal infection 0 0 na
Haemoglobin drop (g/dl) 2.3  �  1.4 2.1  �  1.3 0.4180
Renal failure postoperative 

  (creatinine  � 150 mmol/l)
0 0 na

Arrhythmias 19 (18%) 22 (30%) 0.0864
30 day mortality 0 (0%) 1 (1%) 0.9539
Intubation time (h) 8  �  6.9 11  �  16.5 0.0054
ICU stay (days) 1.7  �  1.3 2.4  �  5.2 0.1939
Number of patients 
   transfused 

intraoperatively

1 (1%) 0

 Total units packed cells 1 0 0.8923
Thrombocytes 0 0 na
FFP 0 0 na

Number of patients 
   transfused 

postoperatively

23 (22%) 17 (24%)

Total units packed cells 36 28 0.7535
Thrombocytes 8 7 0.4168
FFP 15 21 0.4882

Chest tube drainage (ml) 397  �  257 614  �  339  � 0.0001

   Cardiopulmonary bypass, CBP; intra-aortic balloon pump, 
IABP; not applicable, na; intensive care unit, ICU; fresh frozen 
plasma, FFP.   
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procedure. We believe that continues CO 2  fi eld fl ood-
ing, aortic vent aspiration and TEE confi rmation of 
absence of air in the left sided heart chambers 
are suffi cient to achieve adequate air removal. No 

differences in occurrence of neurological events were 
seen in this study. One patient in each group had 
signs of a transient ischemic attack three days 
after surgery, without visible ischemic changes on 
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computed tomography (CT)-scan, indicating that 
neurological problems were not related to air 
emboli. 

 Minimal invasive AVR results in less post-opera-
tive pain which enables patients to mobilise earlier 
resulting in an improved function of daily activities 
and a better physical QOL. This confi rms the basic 
premise that by minimising the operative incision 
and the amount of trauma and pain, quality of life 
will improve. This is of special importance in the 
elderly, for whom it has been shown that minimal 
invasive AVR shortens the hospital stay and leads to a 
larger percentage of patients discharged home rather 
than to rehabilitation facilities (19). The observed 
difference in QOL is however temporary as demon-
strated in our series. After eight months the QOL 
scores of the minimal invasive group equal those of 
the median sternotomy group. 

 Drawbacks of this study are being non-randomised 
and the high percentage of non-responders to the 
written questionnaires (50% in both groups). 
Responders at 30 days and four months after sur-
gery in the minimal invasive group tended to be 
younger and of male gender compared to the no 
responders in this group thereby possibly infl uencing 
the follow-up results. 

 In conclusion, minimal access AVR using MECC 
is feasible and provides comparable clinical results. 
Early post-operative pain is less. Mobilisation and 
return to daily activities is quicker. We recommend 
partial sternotomy using MECC for improved patient 
acceptation of surgical procedure defi nitely in the 
present circumstances of upcoming transcatheter 
techniques. 

  Declaration of interest:  The authors report no 
confl icts of interest. The authors alone are responsible 
for the content and writing of the paper.        
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