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3. Introduction  

3.1 Historical background 

Few “new” procedures, at least within the cardiac surgical community, have been as 

controversial at introduction as OPCAB. Although the procedure had been used for years in 

certain parts of the world (1), many cardiac surgeons were skeptical to OPCAB, as the 

procedure gained popularity in the 1990s.  

Standard coronary artery bypass operation had become one of the most commonly performed 

surgical procedures in the developed world. Outcome studies had shown the value of bypass 

surgery for improving quantity and quality of life (2-5), and many were reluctant to any 

change of such a successful operation.  

A report from the US showed decreased graft patency when bypass surgery was performed 

on the beating heart (6). OPCAB was technically more demanding than CABG performed 

with cardiopulmonary bypass (CPB) (ONCAB). Advocates of the “new” procedure felt that 

OPCAB might offer benefits (7-9). The operation required less equipment, appeared to be 

cheaper, and the deleterious effects of CPB were eliminated (8). 

The French Nobel laureate Alexis Carrell performed experimental coronary bypass 100 years 

ago as pointed out by J. Scott Rankin (1), but clinical application awaited other medical 

discoveries and inventions (10). Milestones were the development of coronary angiography 

(11), use of heparin to prevent clotting of the blood (12) during performance of vascular 

anastomosis and coagulation of blood exposed to the artificial surfaces of the heart lung 

machine. The heart lung machine was a major invention (13, 14), and in 1953 John Gibbon 

performed an intracardiac repair using a heart lung machine (14). The work of Clarence 

Dennis, John H. Gibbon and Clarence Walton Lillehei helped develop a device that could 

pump and oxygenate blood (14-16).  
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Arteriosclerosis and its complications from the brain, the peripheral vascular system and the 

heart reached epidemic proportions. The Framingham study clarified risk factors and etiology 

(17). Myocardial infarction was a common cause of death in both developed and developing 

countries (18). Surgical treatment of vascular manifestations of arteriosclerosis developed 

after the introduction of contrast angiography. Reconstruction of peripheral vascular system 

became common therapies (19). The challenges from operating on the coronary arteries on 

the beating heart were several. Vessels were small, supplied the muscle which maintained the 

circulation, and moved in a three-dimensional space at 60-100 beats pr minute (20). Many 

considered the idea of performing bypass surgery using standard, vascular surgical 

techniques to these small, moving target as equilibristic (21, 22). When the heart lung 

machine was used, the heart could be fibrillated by hypothermia or electric current (23) or the 

aorta clamped intermittently (24) to stop the motion of the heart, giving the surgeon better 

conditions to perform the bypass grafts. Cardioplegic solutions could be used to arrest and 

protect the myocardium, and potassium induced cardiac arrest became a common technique 

since it resulted in a flaccid, nonmoving heart, creating good conditions for the anastomostic 

work (25). 

The heart lung machine, the oxygenator and the plastic tubing used for the extracorporeal 

circuit (26-28) have been subject to research and technical refinements. Surgical experience, 

selection of patients and monitoring of outcomes  increased the safety of CABG (29). The 

value of CABG surgery was documented in randomized studies (5, 30, 31). The studies 

showed improvement in quality and quantity of life in surgically, compared to medically 

treated patients.  

A fraction of patients died or suffered postoperative complications, including damage to the 

central nervous system. Evaluation of alternative treatments was warranted. 
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Andreas Grüntzigs work on balloon dilatation of arteriosclerotic vessels (32) resulted in a less 

invasive treatment of coronary disease (33). The development of intravascular stents 

improved results of percutanous coronary interventions (PCI), especially in the early 

postprocedural phase (33, 34). CABG surgery continued to offer improved outcomes in spite 

of worsened risk profiles (35), as documented by governmental agencies  (36, 37) and 

professional associations (35). Longer-term studies demonstrated that CABG could offer 

better intermediate survival and less reinterventions than PCI in patients with three-vessel 

coronary disease (38), but its invasiveness made surgery less attractive. PCI continued to 

improve technologically (34) and in the approach to restenosis and thrombosis (39-41). 

The development of less invasive surgery for coronary disease started with the Russian 

surgeon Vasilii I. Kolessov, based on the experimental work by Demikhov, was among the 

first to report a clinical series of CABG (42). Kolessov reported on the elimination of CPB, 

sternotomy and suture (43) and performed a bypass graft using a stapler through a left 

anterior thoracotomy without CPB (44). His work was not acknowledged in the USA or 

Western Europe until later. In the meantime, groups from Argentina (45) and Brazil (46) 

reported good results using OPCAB.  

The interest for OPCAB in North America was renewed by Federico Benetti (47), who 

published results of minimally invasive OPCAB (48-50). Similar results were documented by 

Antonio Calafiore (51).  

The introduction of beating heart surgery led to innovations of stabilizers to facilitate the 

suturing (52, 53), devices for automated anastomosis and intravascular shunts to prevent 

ischemia (54).  

This thesis will attempt to use the early clinical studies from Buffalo to demonstrate how 

OPCAB was introduced clinically in a large US hospital. The results will be discussed in the 

context of later publications. The thesis will then discuss the introduction of two important 
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technological modifications of the OPCAB procedure, the use of a stapling device to 

construct anastomosis between the aorta and saphenous veins and the use of intravascular 

shunt during grafting of the coronary arteries. 
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 3.2 Introduction of new methods in surgery 

The evaluation of surgical methods, techniques and tools follows a different path than 

pharmaceutical interventions (55). When new drugs are introduced in the US market place, 

the Federal Drug Administration (FDA) requires rigorous protocols, while medical devices 

may be approved based on simpler investigations, depending on the danger class they are 

assigned to (56). In Europe CE-marking is used to indicate approval of medical devices.  

Surgical procedures may involve administration of pharmaceuticals, implantation of devices 

and a number of other steps making the evaluation complex. The learning curve and surgeon 

skills have impact on outcomes as well as patient selection and perioperative care. It may 

take years before a procedure is standardized and in the meantime further developments may 

modify outcomes.  

McCulloch et al. described an orderly approach to surgical innovation, dividing it in four 

phases (57): 

1 Idea:  In this phase a small number of operations are performed as a proof of concept.  

2a Development: In this phase the procedure is developed further and outcomes monitored.  

2b Exploration: In this phase more surgeons and procedures are included and outcomes 

explored through databases and registries.  

3 Assessment: In this phase the procedure is evaluated through controlled, preferably 

randomized investigations.  

4 Long-term studies: In this phase late outcomes are compared using surveillance of patients 

entered in registries or randomized studies. 
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Although not every surgical procedure can fit into the scheme, it serves as a framework for 

how surgical innovation and development may be evaluated. Randomized controlled studies 

represent the gold standard when defined therapies are compared, but may not be possible or 

ethical if previous studies have shown large benefits or adverse effects of a certain therapy 

(58). Hepatic resection of metastatic colon cancer is considered highly effective in certain 

cases, but has not been subject to randomized studies (59). Similarly, patients with end-stage 

heart failure have not been entered in randomized studies comparing transplantation to 

medical therapy (60).  

Early cardiac surgical procedures were developed to correct conditions causing death or 

disabilities. Successful outcomes represented great benefits compared to non-operative 

treatment that controlled studies were unjustified. As alternative methods, devices or surgical 

techniques were developed, controlled studies became warranted. Numerous randomized 

studies were performed to determine optimal method of myocardial preservation (61-63). 

Similarly, randomized studies were carried out to determine the optimal valvular prosthesis 

(64, 65). The issue of the learning curve was important when difficult operations like the 

“Senning” was compared to “Arterial switch” for transposition of the great arteries (66).  

Although it was known that CABG effectively relieved angina pectoris (67), three 

randomized studies were designed to determine whether the procedure prolonged survival 

compared to medical therapy and in which specific patient groups (5, 68, 69).  

In the mid 1990’s, CABG was routinely performed using CPB and arrested heart. Results 

from South America indicated that elimination of CPB improved results of coronary 

revascularization (47, 70, 71).  

Since OPCAB was an established modification of coronary revascularization, it was 

considered safe to utilize it clinically. At our center in Buffalo, a few surgeons performed 
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OPCAB while others continued to operate using ONCAB, making it possible to compare the 

two procedures using NY State database. This could be classified as phase 2a and b in the 

scheme outlined above (57). The later phases of the evaluation of the OPCAB procedure 

were continued by the institution in Oslo, with which we already cooperated (72). A 

multicenter, partly blinded and randomized study, the ROOBY-study, was conducted in the 

VA system (73), contributing further knowledge to the question of OPCABs role in coronary 

revascularization. 

Surgical procedures are frequently modified by introduction of new innovative technology, 

designed for patient benefit, making the operation simpler, faster or with fewer 

complications. Randomized studies demonstrate that stapled lower colonic anastomosis 

leaked less frequently than hand-sewn (74). Studies of such technical innovations may be 

simpler than studies comparing complex surgical procedures.  

Use of automatic stapling devices to replace suturing of vascular anastomoses was 

anticipated to revolutionize CABG. Staplers create anastomoses quickly, in a standardized 

fashion and relatively independent of surgeons’ skills.  When staplers were used to create 

anastomoses of saphenous veins to the aorta, the chance of embolization and cerebral stroke 

could potentially be reduced. Investigations described in paper 3 and 4 were designed to 

study patency and embolization from anastomoses performed with stapled or hand-sewn 

aorto-saphenous anastomoses.  

Prevention and management of myocardial ischemia is important in OPCAB. If flow in the 

native vessel is occluded during construction of distal anastomoses, hemodynamic collapse 

may occur due to ischemia.  Flow may be maintained during grafting by insertion of a 

temporary shunt. Both interruption of flow and insertion of shunt had been in use, and 

reversal of ischemia demonstrated with shunting in individual cases (54),  but the potential 

benefit of shunt (prevention of ischemia) or adverse effect (vessel damage) had not been 
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thoroughly evaluated in a prospective, randomized fashion. The study described in Paper 5 

was designed to evaluate the potential benefit of shunt.  
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3.3 Ethical considerations 

The studies from Buffalo (Papers 1 and 2) did not require approval from the Ethics 

Committee, since no patients were identified, and the study used prospectively collected data 

mandated by the state. The surgical procedures utilized in the OPCAB patients were 

thoroughly evaluated before implementation, by study tours, proctoring and review of 

literature. The operations were not considered experimental.  

The studies described in papers 3-5 were prospective, controlled studies and required Ethics 

Committee approvals, which were obtained through submission of detailed protocols.   
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4. Aims of the thesis 

Objectives 

The first objective was to evaluate early outcomes and safety of OPCAB of ONCAB, using 

the public registry developed by New York (NY) State.  

The second objective was to evaluate the potential benefit of two technical modifications of 

OPCAB operations:  

Use of an automated proximal connector device to attach saphenous vein-grafts to the 

ascending aorta. 

 Use of intracoronary shunt during the performance of distal anastomosis with the purpose of 

preventing intraoperative ischemia.  

Specific objectives:  

Investigate the safety of OPCAB by comparing operative outcomes of the procedure to 

outcomes of ONCAB using data from a mandatory, public database. (Papers 1 and 2). 

Critically discuss the results of these studies and compare them to clinical series and 

controlled studies. 

Compare clinical and angiographic outcomes in patients having the proximal  

saphenous vein graft anastomoses performed with connector devices or  

 suture technique. Compare the amount of micro embolization to the 

 brain measured by Transcranial Doppler in patients operated with connector and 

 patients operated with traditional technique. (Papers 3 and 4). 

 

Compare the development of ischemia of the myocardium perfused by the left anterior 

descending coronary artery (LAD) during OPCAB performed with obstructive snaring or 
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with intravascular shunt. Study the effects on anastomotic quality by performing on-table- 

and midterm- angiographic studies (Paper 5).
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5. Material and methods 

 

5.1 Early clinical material assessed with the New York State Database tool  

 
Introduction 

 

Buffalo General Hospital, a University hospital, located in Buffalo, New York, was an 

important provider of cardiac surgery. Before initiation of these studies, CABG was almost 

exclusively performed as ONCAB. OPCAB surgery was introduced in cooperation with 

surgeons from Italy and Brazil. The purpose of the study reported on in Papers 1 and 2 was to 

evaluate safety and clinical outcomes of OPCAB- compared to ONCAB- procedures using 

data from the state registry.  

Hypothesis 

The hypothesis of the studies reported on in Papers 1 and 2 was that OPCAB surgery could 

be performed with similar perioperative mortality and complication rates as ONCAB surgery.  

Clinical material 

All patients (n=2001) undergoing CABG at Buffalo General Hospital between January 1, 

1995 and August 31, 1996 were included in Paper 1. Patients undergoing reoperative CABG 

(n=288) between January 1, 1995 and December 31, 1996 were included in paper 2. Patient 

referral was on individual basis, and each surgeon decided method of operation. Some 

cardiac surgeons performed most operations as OPCAB, while others performed ONCAB. 

During the study period 8.5% of patients where operated with OPCAB. Of reoperative cases, 

36 % of the patients were operated with OPCAB. 

Data collection and statistical analysis 

NY State Department of Health required mandatory data-collection of all cardiac procedures 

in the state (75, 76). The data set included demographic data, surgical risk factors, operative 
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details, complications and death. Nurses and physicians collected data, which was quality 

controlled by data collectors and subject to random, on-site reviews by NY State Department 

of Health. Operative mortality was defined as death within 30 days of the operation or before 

discharge from the hospital. Complications were defined according to stringent and 

documentable criteria. 

Operations performed using CPB were designated as ONCAB, and operations performed 

without CPB as OPCAB regardless of the intention at the beginning of the operation. Each 

patient’s estimated mortality rate was calculated based on the risk factors of the individual. 

Using estimated mortality and observed mortality rates, average risk adjusted mortality was 

calculated. The risk adjusted mortality rate was used to compare institutions, surgeons and 

procedures and was important in the quality assessment of cardiac surgery providers (75). 

Estimated-, observed- and risk adjusted mortalities were calculated for OPCAB and ONCAB 

and compared statistically. Similarly, complication-rates were compared. There was no risk 

adjustment for complications, although high estimated mortality rate also predisposed for 

more frequent complications (75). 

Continuous data were analyzed using T-tests, while categorical data were analyzed by chi-

square. All analyses were performed with SPSS software (SPSS Inc.  Chicago, USA). 
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5.2 Investigation of new tools in OPCAB surgery  

5.2.1 Evaluation of the Symmetry
R
 aortic connector vs. hand-sewn proximal 

anastomosis 

Introduction 

Cerebrovascular accident is a serious complication of coronary surgery. The elimination of 

CPB may reduce the risk (77). Embolization during manipulation of the ascending aorta has 

been thought to be a cause of strokes (78). The Symmetry 
R
 connector, which made it 

unnecessary to clamp the aorta, could potentially reduce the chance of embolization. (79, 80). 

Hypothesis 

The hypothesis for this study was that grafts performed with Symmetry
R
 aortic connector 

would have similar angiographic patency, as hand-sutured grafts, and that embolization to the 

brain, measured by Transcranial Doppler, would be reduced. 

Clinical material 

Twenty-three patients underwent OPCAB, having the proximal anastomosis performed with 

the Symmetry
R
 device, while a control group of 23 patients received hand-sewn proximal 

anastomosis. The study was designed as a prospective randomized investigation, but the pilot 

study raised suspicion of problems with the connector anastomosis. The study was redesigned 

to minimize the number of patients exposed to possible adverse effects. Randomization was 

abandoned and a control group with the same inclusion criteria as the pilot patients was 

included. 
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Angiographic investigations 

At the end of the surgical procedure bypass grafts were studied with on-table angiography. 

The angiographic procedures were repeated after three months.  

Transcranial Doppler studies 

Thirty-two of the participants underwent monitoring with multifrequency Transcranial 

Doppler scanning to count the number of gaseous- and solid- emboli to the brain. 

Statistical analysis 

Continuous data were analyzed with T-tests and Mann-Whitney tests, while categorical data 

were analyzed by chi-square. Analyses were performed with SPSS software (SPSS Inc.  

Chicago, USA). 

5.2.2 Evaluation of the use of intracoronary shunt in OPCAB surgery  

Introduction 

Maintenance of hemodynamic stability is essential during OPCAB. Ischemia is the most 

frequent cause of hemodynamic collapse and conversion to CPB (81). A randomized study 

was designed to investigate whether intracoronary shunts could prevent ischemia during 

grafting of the LAD. Potential damage to the vessel from shunt insertion was investigated by 

on-table- and postoperative- angiography.  

Hypothesis 

The hypothesis of the study was that use of intracoronary shunt would prevent ischemia 

compared to occlusion during grafting of the LAD, and that shunt would not compromise the 

quality of the anastomosis. 
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Clinical material 

Fiftysix patients were randomized to a “shunt group” in which the anastomosis between 

LIMA and LAD was performed with an intra-coronary shunt or to a “no-shunt group” in 

which the LAD was occluded with a proximal snare during grafting. 

 Detection of ischemia 

Tissue Doppler with strain measurements (82) was utilized to detect myocardial ischemia. 

Transesophageal ultrasound (System FiVe
R
 echocardiograph (GE Vingmed Ultrasound, 

Horten, Norway) was used. 

Study of anastomotic quality 

Patients underwent coronary angiography on the operating table after completion of the 

operation and after 3 months.  

Statistical analysis  

Data were analyzed using T-tests for continuous data, chi-square for categorical data and 

logistic regression for further analysis. Analyses were performed with SPSS software (SPSS 

Inc.  Chicago, USA). 
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6. Results 

6.1 Operative outcomes in OPCAB surgery 

Preoperative risks 

Preoperative risk factors were more common in OPCAB than ONCAB resulting in a non-

significantly higher estimated mortality rate in OPCAB patients. The difference was not 

significant. 

Operative procedures 

All ONCAB patients were operated with median sternotomy and normothermic or mild 

hypothermic CPB. In OPCAB patients, a varied surgical approach was utilized. In paper 1, 

54 of 172 patients had minimally invasive thoracotomy (MIDCAB) with single bypass to 

LAD, and 2 patients had lateral thoracotomy. In reoperative cases 16 of the OPCABs were 

MIDCABs.  

Average number of grafts per patient was lower in OPCABs reported in paper 1 (1.4 vs. 3.39 

for ONCAB). This difference was also seen in reoperations (OPCAB 1.2 and ONCAB 2.7). 

Mortality and complications 

Estimated mortality rate was higher and observed mortality lower in OPCAB, giving 

identical risk adjusted mortality in the paper 1 material and lower risk adjusted mortality for 

OPCAB in reoperations. None of the mortality differences were significant. 

Complication rates were non-significantly lower in OPCAB in paper 1; the differences were 

significant when reoperations were reviewed separately. Cardiovascular and other 

complications were reduced. This was confirmed in paper 2, where freedom from 

complications in OPCAB was 91.4% vs. 72.1% in ONCAB (p= 0.0001).      
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6.2. Outcomes of OPCAB surgery performed with new technological tools 

6.2.1 Anastomotic quality and micro-embolization in OPCAB surgery performed with 

the Symmetry
R
 aortic connector  

Risk factors and preoperative status 

There were no differences in preoperative clinical status or in operative risk factors. 

On table angiographic studies 

All LIMA to LAD grafts were patent and the saphenous venous grafts had similar patency 

independent of whether connector or hand-sewn technique was used.  

Postoperative angiographic studies 

All LIMA grafts except one were patent on postoperative angiogram. Of 40 saphenous vein 

grafts in the control group, four were occluded and one stenotic, while of 32 studied 

Symmetry
R
 grafts, 16 were occluded and 8 were stenotic. The differences between groups 

were highly significant. 

Embolization by Trans Cranial Doppler 

Micro-embolization counts by Transcranial Doppler were higher in patients operated with the 

connector compared to hand-sewn anastomosis.  The number of gaseous emboli was 

increased in the Symmetry
R
 group, and there was a non-significant increase in the number of 

solid emboli. 

 

 

 

 

 



 25 

6.2.2 Intraoperative ischemia and anastomotic quality in patients undergoing OPCAB 

with or without the use of intracoronary shunt 

Septal ischemia during grafting of LAD 

Patients with occlusion of LAD and retrograde filling through collaterals did not develop 

ischemia. Most patients with antegrade flow in LAD developed ischemia when LAD was 

snared, and there was significant difference in the measurements of myocardial strain in 

shunted and non-shunted patients. Ischemia was reversed in almost all shunted patients, while 

the majority of non-shunted patients remained ischemic until reperfusion. None of the 

patients developed hemodynamic instability during grafting of the LAD. 

Ischemia had no demonstrable effect on postoperative levels of cardiac enzymes, nor could 

clinical adverse effects of the ischemia be demonstrated. 

Anastomotic quality 

There was a trend towards improved anastomotic quality in the shunt-group at on-table 

angiogram, but on postoperative angiography findings were similar. All LIMA to LAD grafts 

were patent, but fifteen patients had new coronary lesions in the native vessel, proximal to the 

anastomosis between LIMA and LAD. The new lesions corresponded to the location of the 

proximal snares, which were applied to occlude the LAD. 
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 7. Discussion 

New surgical treatment modalities are presented with increasing frequency. The scientific 

community and commercial operators bring new procedures and medical devices to the 

market, offering improved outcomes for various disease processes. Health authorities and 

third party payers require evidence of efficacy and safety before approving and allowing 

reimbursement of new treatments and procedures. The authorities, device companies and the 

medical community share responsibility for optimizing safety and minimizing adverse effects 

(55).  Simultaneously, improved therapies should not be unduly delayed. As medical care 

becomes increasingly expensive and complex, it will be more important to prove a 

treatment’s impact on quality of life and cost (83). Manufacturers of medical devices are 

responsible for obtaining FDA- or CE- approval prior to market introduction (56). Well-

designed clinical studies are essential for the determination of outcomes related to new 

procedures and devices. Long- term follow-up and post market surveillance is important for 

the evaluation of new procedures and products as demonstrated in the drug-eluting stent 

controversy (84). 

The controlled, prospective, randomized study represents the “gold standard” for comparison 

of competing therapies, although even such studies may be biased (85). After introduction of 

a new method or a device, it may be unrealistic to conduct randomized studies, since data 

needed for planning may be unavailable, and the new treatment may not have been 

adequately defined. Observational studies may reveal more variable results than randomized 

studies (86), but are of value when prospective randomized study may be difficult or even 

unethical (87, 88).  
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At the initiation of OPCAB in Buffalo outcome data for the procedure was largely 

unavailable.  The NY-State registry made it possible to compare perioperative outcomes of 

OPCAB and ONCAB (36, 37).  

In this early phase it was important to establish whether OPCAB was as safe perioperatively 

as the ONCAB technique. There was no assessment of outcomes beyond 30 days or after 

discharge from the hospital. 

These studies demonstrated that patients operated with OPCAB, had a non-significantly 

elevated risk profile, and similar risk adjusted mortality as ONCAB. Complication rates were 

lower in OPCAB reoperations. It was concluded that OPCAB had similar operative safety 

profile as ONCAB, and that avoidance of CPB might reduce complications. An analysis of a 

much larger dataset from the NY State Department of Health, which included almost 50 000 

patients, confirmed lower mortality and complication rates for OPCAB (89).  

There were serious limitations to our early study. Assignment to treatment groups was biased 

and determined by the operating surgeon. NY State data has shown that the surgeon is an 

important risk factor (90), not taken into account in our study. The rate of OPCAB use varied, 

and surgeons with better skills may preferentially have performed one type of surgery. 

“Intention to treat” methodology was not used to establish the groups. Patients. whose 

operation started as OPCAB and were converted to ONCAB, were included in the ONCAB 

group.  Patients prepared for ONCAB who intraoperatively had contraindications to CPB and 

operated with OPCAB, were included in the OPCAB group. Patients converted to ONCAB 

were known to have unfavorable outcomes (81), which could bias results since complications 

or death would be reported in the ONCAB group. Similarly, conversion from ONCAB to 

OPCAB could improve the results of ONCAB by removing high-risk patients from that 

group.   
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The lack of intermediate- and long-term follow up was another limitation of these studies, as 

was the lack of postoperative angiography. A lower number of grafts combined with 

decreased patency could cause earlier return of ischemia and need for reinterventions. This 

was confirmed in the publication from NY State Dept. of Health (89), which demonstrated 

increased reintervention rates in OPCAB. A study from Emory University with more than 12 

000 patients demonstrated lower operative mortality and complication rates in OPCAB (91), 

and similar 10-year survival.  

In spite of the limitations, the studies from Buffalo had importance, being among the first to 

evaluate OPCAB, utilizing a mandatory database. Other studies have shown improved 

operative results, especially in high risk patients (46), (92).  

The group at Rikshospitalet in Oslo, with which our team from Buffalo kept close contact, 

designed a randomized study, comparing OPCAB and ONCAB. Outcomes, including graft 

patency, were similar (72, 93). In contrast, another randomized study showed benefits of 

OPCAB, both perioperatively and at midterm (94). Similarly, a large meta-analysis 

demonstrated perioperative benefits of OPCAB on mortality, complication rates and resource 

use (95). The Belgian surgeon P. Sergeant improved outcomes by changing and re-

engineering his department to OPCAB (96). The perioperative benefits of OPCAB were 

limited to high-risk patients in our studies (97, 98), as have been demonstrated by others 

(92,99).  It may be difficult to design randomized studies for such groups of patients (100). 

The question of whether OPCAB would offer benefits to the average patient requiring 

coronary surgery, needed to be answered by a multicenter, controlled study. 

  

The ROOBY study was designed to evaluate in a randomized partly blinded study important 

safety and efficacy issues related to CABG with or without CPB. Operative mortality, 
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complication rates, graft patency and long term survival were included in this carefully 

powered study, conducted in Veterans Administration hospitals (73). The ROOBY study 

demonstrated worse composite outcomes and lower patency rates of vein grafts in the 

OPCAB group (101). It was argued that the surgeons participating in the study did not have 

adequate exposure to OPCAB (102), but the ROOBY investigators had demonstrated that 

outcomes were independent of  surgeon volume (101). In our experience intraoperative graft 

patency verification is important in OPCAB since 3- 5% of grafts may need revision (103),  

(104). Graft verification does not appear to have been required in the ROOBY study, and this 

may have affected graft patency.  

The role of CPB in coronary surgery remains controversial. Several randomized studies 

including the just cited ROOBY study (93, 101), indicated that OPCAB did not provide any 

benefit compared to ONCAB, while observational studies indicated significant benefits of 

OPCAB especially in high-risk patients (97, 105, 106). One reason may be that the 

randomized studies usually did not include high- risk cases (107). 

 OPCAB has been technically more challenging than ONCAB due to the need for 

hemodynamic stability, stabilization (108) and positioning (109) of the heart during grafting. 

As technological solutions became available, OPCAB became more reproducible. The 

Symmetry
R 

device was designed to decrease embolization and stroke rates, since clamping of 

the aorta became unnecessary during construction of proximal anastomoses. Although initial 

results were promising (79, 80), case reports showed early occlusion in the connector (110). 

We designed a randomized study of risks and benefits of the connector, but found more 

occlusions of vein grafts in the pilot group and redesigned the study.  

The device was used in 23 patients, a sequential group of 23 OPCAB had the proximal 

anastomoses performed by suturing and partial aortic clamping.  
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Vein grafts attached to the aorta with Symmetry
R
 connectors had a high rate of occlusion and 

stenosis (111). The obstructive process seemed to originate in the connector (112, 113). Other 

investigators confirmed the findings (114, 115), while Japanese patients fared better (116). 

Some received anti-thrombotic therapy in addition to aspirin, in contrast to the patients in our 

study. Ethnic factors influence the tendency to arterial thrombosis and thrombocyte reactivity 

(117, 118).  This may have played a role (119) as may have endothelial damage (120). The 

construction of the Symmetry
R
 device left metal surfaces exposed to blood, giving potential 

for thrombogenicity and intimal hyperplasia (121).  

The use of a differently constructed connector resulted in better patency (122). That device 

did not expose metal components to blood, and clopidogrel was administered after surgery 

possibly improving the results (123).  

Previous investigations had shown reduction in the number of emboli during construction of 

proximal anastomoses with Symmetry
R
 connectors (124). The use of ONCAB as control was 

not optimal since ONCAB produced higher embolic counts than OPCAB (125). The 

hypothesis that use of the Symmetry
R
 connector decreased embolic counts (124) was not 

supported by our study (126). On the contrary, patients operated with connector had more 

gaseous- and a trend towards more solid- emboli than patients with hand-sewn anastomoses. 

The importance of emboli during heart surgery has been documented (127). The amount of 

gaseous emboli in the Symmetry
R
 group was surprising, but may have been due to a Venturi 

effect (128).   

Prior to these
 
studies, Symmetry

R
 had been used extensively. A small study like ours, which 

included serial graft angiography contributed significantly to the market withdrawal of a 

dangerous device. The study, in which 46 patients were included and only 23 received the 

connector, demonstrated the value of carefully planned clinical- and angiographic- studies for 

introduction of cardiovascular technology.  
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Patients with critical coronary artery disease are prone to develop myocardial ischemia 

during OPCAB. The practice of occluding native vessels during anastomotic construction 

may cause hemodynamic collapse, necessitating conversion to CPB (129, 130). Insertion of 

an intracoronary shunt during grafting may prevent ischemia, although it has been questioned 

whether the small lumen have adequate blood flow (131).  We demonstrated that ischemia 

was prevented in most patients with antegrade flow in the LAD, while most patients operated 

without shunt were ischemic. Patients with occlusion and retrograde filling of LAD did not 

develop ischemia, since blood was supplied from collaterals.  Relief of ischemia in shunted 

patients was not dependent on shunt-size.Shunts smaller than 1.5 mm were not used (131). 

Although no evidence of hemodynamic compromise or leak of cardiac enzymes was seen in 

the study patients who did not get shunt, ischemia impairs ventricular function (132)  and 

may cause hemodynamic collapse reversible by shunt (54).  

Endothelial damage and development of coronary lesions have been considered a possible 

complication of shunt use (133, 134). Occlusive snaring of arteries results in vessel damage 

in animal models (135) and lower angiographic patency rates (136). Patency rates in this 

study were similar or improved when shunts was used. On angiograms performed after three 

months 15 vessels had obstructive lesions, proximal to the anastomosis, corresponding to the 

occlusive snare. Similar changes were not seen distal to the anastomosis, indicating that the 

use of shunts did not cause permanent damage to coronary arteries.  
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8. Conclusion 

1) Clinical studies using a public database indicated that OPCAB was as safe as ONCAB and 

demonstrated a reduced rate of complications in high-risk patients. Although the 

methodology used had significant limitations, later studies supported the finding that OPCAB 

can be performed with similar safety as ONCAB. However, many of these studies were 

retrospective and not well controlled. Randomized studies have not shown the same benefits 

as those seen in observational-, registry based-, and meta-analytical investigations.  

Regarding the applicability of OPCAB to relatively lower risk patients, the ROOBY study 

has raised significant concerns about whether OPCAB can be recommended as a primary 

technique for most surgeons (101). The issue of whether the surgeons who participated in 

ROOBY had enough OPCAB experience was raised (102), but the authors studied this issue 

carefully and did not demonstrate any outcome difference between surgeons with varying 

OPCAB experience (101). Glance et al. used material from NY-State Database and found no 

volume effect on OPCAB results (137). Based on the study from Oslo (93) and the well-

designed and much larger ROOBY-study, we conclude that OPCAB should not be 

recommended for general use, especially for low risk patients. High-risk patients seem to 

benefit from OPCAB in centers experienced with the procedure (107), corresponding to the 

findings from our early clinical studies. 

2) Use of the proximal connector device, Symmetry
R
, resulted in unacceptable patency of 

vein grafts attached to the aorta during OPCAB. In contrast to what was expected, 

microembolization increased with use of the device. The device has been removed from the 

market. 

3) Intracoronary shunts prevented ischemia during grafting of the antegradely perfused LAD 

during OPCAB. Anastomotic quality was independent of shunt use. On the basis of this 
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study, a recommendation could be given for using intravascular shunt during construction of 

coronary anastomosis in OPCAB procedures.  

 

We have demonstrated that investigations using clinical registries may be valuable during the 

introductory phase of new surgical procedures. The limitations of such studies are many, and 

randomized clinical trials are essential when outcomes of different surgical procedures are 

compared. Introduction of new devices and tools in surgical procedures must undergo 

thorough evaluation under controlled circumstances before being recommended  for routine 

use.  
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9. Future Prospects 

OPCAB and ONCAB are used globally to treat patients with coronary disease. Utilization of 

the procedures varies between countries, regions, institutions and surgeons. In the US, 

OPCAB penetration is about 20% of surgical volume, while Japanese surgeons perform 60 % 

of revascularizations as OPCAB. In Scandinavia the procedure is used in less than 10%.  

Elimination of CPB makes OPCAB less invasive than ONCAB, but the magnitude of the 

procedure is still significant, and as we have demonstrated in this thesis, the elimination of 

CPB does come with additional risks. 

The further minimization of coronary revascularization may require endoscopic or robotic 

approaches (138, 139) and use of automated connectors (140) or semi-automated sutures 

(141). Although such technologies are available and have been used in relatively small series, 

the methods have not been subject to large scale controlled studies. Robotic coronary surgery 

is s technically difficult and in little use (142). The outcomes from connector use are variable 

at best. Reliable connectors with proven intermediate and long-term patency could potentially 

revolutionize CABG by making totally endoscopic procedures simpler (143).  

Performing CABG thoracoscopically without CPB, is still exceedingly difficult. The fact that 

certain individuals may be able to perform such procedures, does not mean that they should 

be promoted for general use.  

Reducing invasiveness remains a goal in coronary surgery, and ideally large incisions and use 

of CPB should be eliminated. Attempts to realize this goal should not compromize the main 

purpose of coronary surgery, to prolong and improve quality of life. Well-planned and non-

biased investigations must be important parts of the realization of our clinical and 

technological goals. 

 



 35 

10. References 

 

 
1. Rankin JS, Harrell FE, Jr. Measuring the therapeutic efficacy of coronary 

revascularization: Implications for future management. J Thorac Cardiovasc Surg 2006 
May;131(5):944-8. 

2. Coronary-artery bypass surgery in stable angina pectoris: Survival at two years. 
European Coronary Surgery Study Group. Lancet 1979 Apr 28;1(8122):889-93. 

3. Bell MR, Gersh BJ, Schaff HV, Holmes DR, Jr., Fisher LD, Alderman EL, et al. 
Effect of completeness of revascularization on long-term outcome of patients with three-

vessel disease undergoing coronary artery bypass surgery. A report from the Coronary Artery 
Surgery Study (CASS) Registry. Circulation 1992 Aug;86(2):446-57. 

4. Chaitman BR, Ryan TJ, Kronmal RA, Foster ED, Frommer PL, Killip T. Coronary 
Artery Surgery Study (CASS): comparability of 10 year survival in randomized and 

randomizable patients. J Am Coll Cardiol 1990 Nov;16(5):1071-8. 
5. Eighteen-year follow-up in the Veterans Affairs Cooperative Study of Coronary 

Artery Bypass Surgery for stable angina. The VA Coronary Artery Bypass Surgery 
Cooperative Study Group. Circulation 1992 Jul;86(1):121-30. 

6. Gundry SR, Romano MA, Shattuck OH, Razzouk AJ, Bailey LL. Seven-year follow-
up of coronary artery bypasses performed with and without cardiopulmonary bypass. J 

Thorac Cardiovasc Surg 1998 Jun;115(6):1273-7; discussion 7-8. 
7. Sellke FW, DiMaio JM, Caplan LR, Ferguson TB, Gardner TJ, Hiratzka LF, et al. 

Comparing on-pump and off-pump coronary artery bypass grafting: numerous studies but 
few conclusions: a scientific statement from the American Heart Association council on 

cardiovascular surgery and anesthesia in collaboration with the interdisciplinary working 
group on quality of care and outcomes research. Circulation 2005 May 31;111(21):2858-64. 

8. Stamou SC, Jablonski KA, Hill PC, Bafi AS, Boyce SW, Corso PJ. Coronary 
revascularization without cardiopulmonary bypass versus the conventional approach in high-

risk patients. Ann Thorac Surg 2005 Feb;79(2):552-7. 
9. Zangrillo A, Crescenzi G, Landoni G, Leoni A, Marino G, Calabro MG, et al. Off-

pump coronary artery bypass grafting reduces postoperative neurologic complications. J 
Cardiothorac Vasc Anesth 2005 Apr;19(2):193-6. 

10. Radegran K. The early history of cardiac surgery in Stockholm. J Card Surg 2003 
Nov-Dec;18(6):564-72. 
11. Mueller RL, Sanborn TA. The history of interventional cardiology: cardiac 

catheterization, angioplasty, and related interventions. Am Heart J 1995 Jan;129(1):146-72. 
12. Howell. Heparin an anticoagulant. Am  J  Physiol 1922;63:434-5. 

13. Gibbon. Artificial maintenance of the circulation during experimental occlusion of the 
pulmonary artery. Arch Surg 1937(34):1105-34. 

14. Gibbon JH. The development of the heart-lung apparatus. Am J Surg 1978;135:608–
19. 

15. Cohn LH. Fifty years of open-heart surgery. Circulation 2003 May 6;107(17):2168-
70. 

16. Miller BJ. Laboratory work preceding the first clinical application of 
cardiopulmonary bypass. Perfusion 2003 May;18(3):145-54. 

17. Kannel WB. Some lessons in cardiovascular epidemiology from Framingham. Am J 
Cardiol 1976 Feb;37(2):269-82. 

18. Okrainec K, Banerjee DK, Eisenberg MJ. Coronary artery disease in the developing 
world. Am Heart J 2004 Jul;148(1):7-15. 



 36 

19. Carrell TW, Wolfe JH. Non-cardiac vascular disease. Heart 2005 Feb;91(2):265-70. 
20. Borst C, Grundeman PF. Minimally invasive coronary artery bypass grafting: an 

experimental perspective. Circulation 1999 Mar 23;99(11):1400-3. 
21. Boncheck LI. Minimally Invasive Coronary Bypass : A Dissenting Opinion. 

CIRCULATION 1998;98:495-7. 
22. Ullyot DJ. Look ma, no hands! Ann Thorac Surg 1996 Jan;61(1):10-1. 

23. Akins CW. Hypothermic fibrillatory arrest for coronary artery bypass grafting. J Card 
Surg 1992 Dec;7(4):342-7. 

24. Korbmacher B, Simic O, Schulte HD, Sons H, Schipke JD. Intermittent aortic cross-
clamping for coronary artery bypass grafting: a review of a safe, fast, simple, and successful 

technique. J Cardiovasc Surg (Torino) 2004 Dec;45(6):535-43. 
25. Liu Z, Valencia O, Treasure T, Murday AJ. Cold blood cardioplegia or intermittent 

cross-clamping in coronary artery bypass grafting? Ann Thorac Surg 1998 Aug;66(2):462-5. 
26. Ueyama K, Nishimura K, Nishina T, Nakamura T, Ikeda T, Komeda M. PMEA 

coating of pump circuit and oxygenator may attenuate the early systemic inflammatory 
response in cardiopulmonary bypass surgery. Asaio J 2004 Jul-Aug;50(4):369-72. 

27. Videm V, Mollnes TE, Bergh K, Fosse E, Mohr B, Hagve TA, et al. Heparin-coated 
cardiopulmonary bypass equipment. II. Mechanisms for reduced complement activation in 

vivo. J Thorac Cardiovasc Surg 1999 Apr;117(4):803-9. 
28. Fosse E, Thelin S, Svennevig JL, Jansen P, Mollnes TE, Hack E, et al. Duraflo II 

coating of cardiopulmonary bypass circuits reduces complement activation, but does not 
affect the release of granulocyte enzymes : a European multicentre study. Eur J Cardiothorac 

Surg 1997 Feb;11(2):320-7. 
29. Williams ML, Muhlbaier LH, Schroder JN, Hata JA, Peterson ED, Smith PK, et al. 

Risk-adjusted short- and long-term outcomes for on-pump versus off-pump coronary artery 
bypass surgery. Circulation 2005 Aug 30;112(9 Suppl):I366-70. 

30. Fisher LD, Davis KB. Design and study similarities and contrasts: the Veterans 
Administration, European, and CASS randomized trials of coronary artery bypass graft 

surgery. Circulation 1985 Dec;72(6 Pt 2):V110-6. 
31. Holloway JD, Schocken DD. CASS in retrospect: lessons from the randomized cohort 

and registry. Coronary Artery Surgery Study. Am J Med Sci 1988 May;295(5):424-32. 
32. Gruntzig A. Transluminal dilatation of coronary-artery stenosis. Lancet 1978 Feb 

4;1(8058):263. 
33. Balmer F, Rotter M, Togni M, Pfiffner D, Zeiher AM, Maier W, et al. Percutaneous 

coronary interventions in Europe 2000. Int J Cardiol 2005 Jun 8;101(3):457-63. 
34. Hill R, Bagust A, Bakhai A, Dickson R, Dundar Y, Haycox A, et al. Coronary artery 

stents: a rapid systematic review and economic evaluation. Health Technol Assess 2004 
Sep;8(35):iii-iv, 1-242. 

35. Ferguson TB, Jr., Hammill BG, Peterson ED, DeLong ER, Grover FL. A decade of 
change--risk profiles and outcomes for isolated coronary artery bypass grafting procedures, 

1990-1999: a report from the STS National Database Committee and the Duke Clinical 
Research Institute. Society of Thoracic Surgeons. Ann Thorac Surg 2002 Feb;73(2):480-9; 

discussion 9-90. 
36. Hannan EL, Siu AL, Kumar D, Kilburn H, Jr., Chassin MR. The decline in coronary 

artery bypass graft surgery mortality in New York State. The role of surgeon volume. Jama 
1995 Jan 18;273(3):209-13. 

37. Hannan EL, Kumar D, Racz M, Siu AL, Chassin MR. New York State's Cardiac 
Surgery Reporting System: four years later. Ann Thorac Surg 1994 Dec;58(6):1852-7. 



 37 

38. Hannan EL, Racz MJ, McCallister BD, Ryan TJ, Arani DT, Isom OW, et al. A 
comparison of three-year survival after coronary artery bypass graft surgery and percutaneous 

transluminal coronary angioplasty. J Am Coll Cardiol 1999 Jan;33(1):63-72. 
39. Waksman R, Ajani AE, White RL, Pinnow E, Dieble R, Bui AB, et al. Prolonged 

antiplatelet therapy to prevent late thrombosis after intracoronary gamma-radiation in patients 
with in-stent restenosis: Washington Radiation for In-Stent Restenosis Trial plus 6 months of 

clopidogrel (WRIST PLUS). Circulation 2001 May 15;103(19):2332-5. 
40. Kuchulakanti P, Rha SW, Satler LF, Suddath WO, Pichard AD, Kent KM, et al. 

Safety of percutaneous coronary intervention alone in symptomatic patients with moderate 
and severe valvular aortic stenosis and coexisting coronary artery disease: analysis of results 

in 56 patients. J Invasive Cardiol 2004 Dec;16(12):688-91. 
41. Gurbel PA, Samara WM, Bliden KP. Failure of clopidogrel to reduce platelet 

reactivity and activation following standard dosing in elective stenting: implications for 
thrombotic events and restenosis. Platelets 2004 Mar;15(2):95-9. 

42. Konstantinov IE. The first coronary artery bypass operation and forgotten pioneers. 
Ann Thorac Surg 1997 Nov;64(5):1522-3. 

43. Konstantinov IE. Vasilii I Kolesov: a surgeon to remember. Tex Heart Inst J 
2004;31(4):349-58. 

44. Kolessov VI. Mammary artery-coronary artery anastomosis as method of treatment 
for angina pectoris. J Thorac Cardiovasc Surg 1967 Oct;54(4):535-44. 

45. Benetti F. Off pump coronary surgery in Argentina. Semin Thorac Cardiovasc Surg 
2002 Oct;14(4):328-33. 

46. Buffolo E, Branco JN, Gerola LR, Aguiar LF, Teles CA, Palma JH, et al. Off-pump 
myocardial revascularization: critical analysis of 23 years' experience in 3,866 patients. Ann 

Thorac Surg 2006 Jan;81(1):85-9. 
47. Benetti FJ. Direct coronary surgery with saphenous vein bypass without either 

cardiopulmonary bypass or cardiac arrest. J Cardiovasc Surg (Torino) 1985 May-
Jun;26(3):217-22. 

48. Benetti F. Historical evolution of minimally invasive coronary surgery. Heart Lung 
Circ 2001;10(2):A24-5. 

49. Benetti F. Minimally invasive coronary bypass grafting. J Thorac Cardiovasc Surg 
1998 Jan;115(1):256. 

50. Benetti F, Dullum MK, Stamou SC, Corso PJ. A xiphoid approach for minimally 
invasive coronary artery bypass surgery. J Card Surg 2000 Jul-Aug;15(4):244-50. 

51. Calafiore AM, Angelini GD, Bergsland J, Salerno TA. Minimally invasive coronary 
artery bypass grafting. Ann Thorac Surg 1996 Nov;62(5):1545-8. 

52. Qaqish NK, Pagni S, Spence PA. Instrumentation for minimally invasive internal 
thoracic artery harvest. Ann Thorac Surg 1997 Jun;63(6 Suppl):S97-9. 

53. Izzat MB, Yim AP. Cardiac stabilizer for minimally invasive direct coronary artery 
bypass. Ann Thorac Surg 1997 Aug;64(2):570-1. 

54. Levinson MM, Fooks GS. Coronary grafting using a temporary intraluminal shunt 
instead of heart-lung bypass. Ann Thorac Surg 1995 Dec;60(6):1800-1. 

55. Feldman MD, Petersen AJ, Karliner LS, Tice JA. Who is responsible for evaluating 
the safety and effectiveness of medical devices? The role of independent technology 

assessment. J Gen Intern Med 2008 Jan;23 Suppl 1:57-63. 
56. Maisel WH. Medical device regulation: an introduction for the practicing physician. 

Ann Intern Med 2004 Feb 17;140(4):296-302. 
57. McCulloch P, Altman DG, Campbell WB, Flum DR, Glasziou P, Marshall JC, et al. 

No surgical innovation without evaluation: the IDEAL recommendations. Lancet 2009 Sep 
26;374(9695):1105-12. 



 38 

58. Ioannidis JP, Haidich AB, Pappa M, Pantazis N, Kokori SI, Tektonidou MG, et al. 
Comparison of evidence of treatment effects in randomized and nonrandomized studies. Jama 

2001 Aug 15;286(7):821-30. 
59. Moroz P, Salama PR, Gray BN. Resecting large numbers of hepatic colorectal 

metastases. ANZ J Surg 2002 Jan;72(1):5-10. 
60. Banner NR, Rogers CA, Bonser RS. Effect of heart transplantation on survival in 

ambulatory and decompensated heart failure. Transplantation 2008 Dec 15;86(11):1515-22. 
61. Elvenes OP, Korvald C, Myklebust R, Sorlie D. Warm retrograde blood cardioplegia 

saves more ischemic myocardium but may cause a functional impairment compared to cold 
crystalloid. Eur J Cardiothorac Surg 2002 Sep;22(3):402-9. 

62. Bruemmer-Smith S, Avidan MS, Harris B, Sudan S, Sherwood R, Desai JB, et al. 
Glucose, insulin and potassium for heart protection during cardiac surgery. Br J Anaesth 

2002 Apr;88(4):489-95. 
63. Teoh LK, Grant R, Hulf JA, Pugsley WB, Yellon DM. A comparison between 

ischemic preconditioning, intermittent cross-clamp fibrillation and cold crystalloid 
cardioplegia for myocardial protection during coronary artery bypass graft surgery. 

Cardiovasc Surg 2002 Jun;10(3):251-5. 
64. Stassano P, Di Tommaso L, Monaco M, Iorio F, Pepino P, Spampinato N, et al. 

Aortic valve replacement: a prospective randomized evaluation of mechanical versus 
biological valves in patients ages 55 to 70 years. J Am Coll Cardiol 2009 Nov 

10;54(20):1862-8. 
65. Gulbins H, Reichenspurner H. Which patients benefit from stentless aortic valve 

replacement? Ann Thorac Surg 2009 Dec;88(6):2061-8. 
66. Gorst-Rasmussen A, Spiegelhalter DJ, Bull C. Monitoring the introduction of a 

surgical intervention with long-term consequences. Stat Med 2007 Feb 10;26(3):512-31. 
67. Seybold-Epting W, Oglietti J, Wukasch DC, Reul GJ, Jr., Hall RJ, Hallman GL, et al. 

Early and late results after surgical treatment of preinfarction angina. Ann Thorac Surg 1976 
Feb;21(2):97-102. 

68. Alderman EL, Bourassa MG, Cohen LS, Davis KB, Kaiser GG, Killip T, et al. Ten-
year follow-up of survival and myocardial infarction in the randomized Coronary Artery 

Surgery Study. Circulation 1990 Nov;82(5):1629-46. 
69. Varnauskas E. Twelve-year follow-up of survival in the randomized European 

Coronary Surgery Study. N Engl J Med 1988 Aug 11;319(6):332-7. 
70. Benetti F, Patel AN, Hamman B. Indications for off pump coronary surgery. J 

Cardiovasc Surg (Torino) 2003 Jun;44(3):319-22. 
71. Benetti FJ. Coronary artery bypass without extracorporeal circulation versus 

percutaneous transluminal coronary angioplasty: comparison of costs. J Thorac Cardiovasc 
Surg 1991 Nov;102(5):802-3. 

72. Lingaas PS, Hol PK, Lundblad R, Rein KA, Tonnesen TI, Svennevig JL, et al. 
Clinical and Angiographic Outcome of Coronary Surgery with and without Cardiopulmonary 

Bypass: A Prospective Randomized Trial. Heart Surg Forum 2004 Jan;7(1):37-41. 
73. Novitzky D, Shroyer AL, Collins JF, McDonald GO, Lucke J, Hattler B, et al. A 

study design to assess the safety and efficacy of on-pump versus off-pump coronary bypass 
grafting: the ROOBY trial. Clin Trials 2007;4(1):81-91. 

74. Choy PY, Bissett IP, Docherty JG, Parry BR, Merrie AE. Stapled versus handsewn 
methods for ileocolic anastomoses. Cochrane Database Syst Rev 2007(3):CD004320. 

75. Hannan EL, Wu C, Bennett EV, Carlson RE, Culliford AT, Gold JP, et al. Risk 
stratification of in-hospital mortality for coronary artery bypass graft surgery. J Am Coll 

Cardiol 2006 Feb 7;47(3):661-8. 



 39 

76. Hannan EL, Kilburn H, Jr., Racz M, Shields E, Chassin MR. Improving the outcomes 
of coronary artery bypass surgery in New York State. Jama 1994 Mar 9;271(10):761-6. 

77. Stamou SC, Jablonski KA, Pfister AJ, Hill PC, Dullum MK, Bafi AS, et al. Stroke 
after conventional versus minimally invasive coronary artery bypass. Ann Thorac Surg 2002 

Aug;74(2):394-9. 
78. Braekken SK, Russell D, Brucher R, Abdelnoor M, Svennevig JL. Cerebral 

microembolic signals during cardiopulmonary bypass surgery. Frequency, time of 
occurrence, and association with patient and surgical characteristics. Stroke 1997 

Oct;28(10):1988-92. 
79. Eckstein FS, Bonilla LF, Englberger L, Immer FF, Berg TA, Schmidli J, et al. The St 

Jude Medical symmetry aortic connector system for proximal vein graft anastomoses in 
coronary artery bypass grafting. J Thorac Cardiovasc Surg 2002 Apr;123(4):777-82. 

80. Eckstein FS, Bonilla LF, Englberger L, Stauffer E, Berg TA, Schmidli J, et al. 
Minimizing aortic manipulation during OPCAB using the symmetry aortic connector system 

for proximal vein graft anastomoses. Ann Thorac Surg 2001 Sep;72(3):S995-8. 
81. Legare JF, Buth KJ, Hirsch GM. Conversion to on pump from OPCAB is associated 

with increased mortality: results from a randomized controlled trial. Eur J Cardiothorac Surg 
2005 Feb;27(2):296-301. 

82. Skulstad H, Andersen K, Edvardsen T, Rein KA, Tonnessen TI, Hol PK, et al. 
Detection of ischemia and new insight into left ventricular physiology by strain Doppler and 

tissue velocity imaging: assessment during coronary bypass operation of the beating heart. J 
Am Soc Echocardiogr 2004 Dec;17(12):1225-33. 

83. Puskas JD, Williams WH, Mahoney EM, Huber PR, Block PC, Duke PG, et al. Off-
pump vs conventional coronary artery bypass grafting: early and 1-year graft patency, cost, 

and quality-of-life outcomes: a randomized trial. Jama 2004 Apr 21;291(15):1841-9. 
84. Rao SV, Califf RM, Kramer JM, Peterson ED, Gross TP, Pepine CJ, et al. Postmarket 

evaluation of breakthrough technologies. Am Heart J 2008 Aug;156(2):201-8. 
85. Kirk-Smith MD, Stretch DD. Evidence-based medicine and randomized double-blind 

clinical trials: a study of flawed implementation. J Eval Clin Pract 2001 May;7(2):119-23. 
86. Shikata S, Nakayama T, Noguchi Y, Taji Y, Yamagishi H. Comparison of effects in 

randomized controlled trials with observational studies in digestive surgery. Ann Surg 2006 
Nov;244(5):668-76. 

87. Josephson ME, Nisam S. The AVID trial: evidence based or randomized control 
trials--is the AVID study too late? Antiarrhythmics Versus Implantable Defibrillators. Am J 

Cardiol 1997 Jul 15;80(2):194-7. 
88. Sauerland S, Lefering R, Neugebauer EA. Retrospective clinical studies in surgery: 

potentials and pitfalls. J Hand Surg [Br] 2002 Apr;27(2):117-21. 
89. Hannan EL, Wu C, Smith CR, Higgins RS, Carlson RE, Culliford AT, et al. Off-

pump versus on-pump coronary artery bypass graft surgery: differences in short-term 
outcomes and in long-term mortality and need for subsequent revascularization. Circulation 

2007 Sep 4;116(10):1145-52. 
90. Glance LG, Dick A, Osler TM, Li Y, Mukamel DB. Impact of changing the statistical 

methodology on hospital and surgeon ranking: the case of the New York State cardiac 
surgery report card. Med Care 2006 Apr;44(4):311-9. 

91. Puskas JD, Kilgo PD, Lattouf OM, Thourani VH, Cooper WA, Vassiliades TA, et al. 
Off-pump coronary bypass provides reduced mortality and morbidity and equivalent 10-year 

survival. Ann Thorac Surg 2008 Oct;86(4):1139-46; discussion 46. 
92. Mack MJ, Pfister A, Bachand D, Emery R, Magee MJ, Connolly M, et al. 

Comparison of coronary bypass surgery with and without cardiopulmonary bypass in patients 
with multivessel disease. J Thorac Cardiovasc Surg 2004 Jan;127(1):167-73. 



 40 

93. Lingaas PS, Hol PK, Lundblad R, Rein KA, Mathisen L, Smith HJ, et al. Clinical and 
radiologic outcome of off-pump coronary surgery at 12 months follow-up: a prospective 

randomized trial. Ann Thorac Surg 2006 Jun;81(6):2089-95. 
94. Angelini GD, Taylor FC, Reeves BC, Ascione R. Early and midterm outcome after 

off-pump and on-pump surgery in Beating Heart Against Cardioplegic Arrest Studies 
(BHACAS 1 and 2): a pooled analysis of two randomised controlled trials. Lancet 2002 Apr 

6;359(9313):1194-9. 
95. Puskas JD. Off-pump versus conventional coronary artery bypass grafting. 

Innovations 2005;1(1):3-27. 
96. Sergeant P, Wouters P, Meyns B, Bert C, Van Hemelrijck J, Bogaerts C, et al. 

OPCAB versus early mortality and morbidity: an issue between clinical relevance and 
statistical significance. Eur J Cardiothorac Surg 2004 May;25(5):779-85. 

97. Bergsland J, Hasnain S, Lajos TZ, Salerno TA. Elimination of cardiopulmonary 
bypass: a prime goal in reoperative coronary artery bypass surgery. Eur J Cardiothorac Surg 

1998 Jul;14(1):59-62; discussion -3. 
98. Bergsland J, Hasnan S, Lewin AN, Bhayana J, Lajos TZ, Salerno TA. Coronary artery 

bypass grafting without cardiopulmonary bypass--an attractive alternative in high risk 
patients. Eur J Cardiothorac Surg 1997 May;11(5):876-80. 

99. Sharoni E, Song HK, Peterson RJ, Guyton RA, Puskas JD. Off pump coronary artery 
bypass surgery for significant left ventricular dysfunction: safety, feasibility, and trends in 

methodology over time--an early experience. Heart 2006 Apr;92(4):499-502. 
100. Sharony R, Bizekis CS, Kanchuger M, Galloway AC, Saunders PC, Applebaum R, et 

al. Off-pump coronary artery bypass grafting reduces mortality and stroke in patients with 
atheromatous aortas: a case control study. Circulation 2003 Sep 9;108 Suppl 1:II15-20. 

101. Shroyer AL, Grover FL, Hattler B, Collins JF, McDonald GO, Kozora E, et al. On-
pump versus off-pump coronary-artery bypass surgery. N Engl J Med 2009 Nov 

5;361(19):1827-37. 
102. Puskas JD, Mack MJ, Smith CR. On-pump versus off-pump CABG. N Engl J Med  

Mar 4;362(9):851; author reply 3-4. 
103. Hol PK, Lingaas PS, Lundblad R, Rein KA, Vatne K, Smith HJ, et al. Intraoperative 

angiography leads to graft revision in coronary artery bypass surgery. Ann Thorac Surg 2004 
Aug;78(2):502-5; discussion 5. 

104. D'Ancona G, Karamanoukian HL, Ricci M, Schmid S, Bergsland J, Salerno TA. Graft 
revision after transit time flow measurement in off-pump coronary artery bypass grafting. Eur 

J Cardiothorac Surg 2000 Mar;17(3):287-93. 
105. D'Ancona G, Karamanoukian H, Ricci M, Salerno T, Lajos T, Bergsland J. 

Reoperative coronary artery bypass grafting with and without cardiopulmonary bypass: 
determinants of perioperative morbidity and mortality. Heart Surg Forum 2001;4(2):152-8; 

dicussion 8-9. 
106. Reston JT, Tregear SJ, Turkelson CM. Meta-analysis of short-term and mid-term 

outcomes following off-pump coronary artery bypass grafting. Ann Thorac Surg 2003 
Nov;76(5):1510-5. 

107. Puskas JD, Thourani VH, Kilgo P, Cooper W, Vassiliades T, Vega JD, et al. Off-
pump coronary artery bypass disproportionately benefits high-risk patients. Ann Thorac Surg 

2009 Oct;88(4):1142-7. 
108. Jansen EW, Grundeman PF, Borst C, Eefting F, Diephuis J, Nierich A, et al. Less 

invasive off-pump CABG using a suction device for immobilization: the 'Octopus' method. 
Eur J Cardiothorac Surg 1997 Sep;12(3):406-12. 



 41 

109. Bergsland J, Karamanoukian HL, Soltoski PR, Salerno TA. "Single suture" for 
circumflex exposure in off-pump coronary artery bypass grafting. Ann Thorac Surg 1999 

Oct;68(4):1428-30. 
110. Melero JM, Porras C, Such M, Olalla E, Alonso J. Severe stenosis of anastomoses by 

using the symmetry aortic connector system. Ann Thorac Surg 2004 Nov;78(5):1831-3. 
111. Bergsland J, Hol PK, Lingas PS, Lundblad R, Rein KA, Andersen R, et al. 

Intraoperative and intermediate-term angiographic results of coronary artery bypass surgery 
with Symmetry proximal anastomotic device. J Thorac Cardiovasc Surg 2004 

Nov;128(5):718-23. 
112. Reuthebuch O, Lachat M, Kadner A, Turina M. Early bypass occlusion in patients 

with the St Jude Medical Symmetry connector. J Thorac Cardiovasc Surg 2003 
Feb;125(2):443-4. 

113. Cavendish JJ, Penny WF, Madani MM, Keramati S, Ben-Yehuda O, Blanchard DG, 
et al. Severe ostial saphenous vein graft disease leading to acute coronary syndromes 

following proximal aorto-saphenous anastomoses with the symmetry bypass connector 
device: is it a suture device or a "stent"? J Am Coll Cardiol 2004 Jan 7;43(1):133-9. 

114. Bergmann P, Meszaros K, Huber S, Oberwalder P, Machler H, Schaffler G, et al. 
Forty-one-month follow-up of the Symmetry aortic connector system for proximal venous 

anastomosis. J Thorac Cardiovasc Surg 2007 Jul;134(1):23-8. 
115. Schoettle GP, Jr. Use of a proximal anastomotic device in coronary artery bypass 

surgery: a word of caution. J Thorac Cardiovasc Surg 2004 Jan;127(1):269-70. 
116. Kitamura H, Okabayashi H, Hanyu M, Soga Y, Nomoto T, Johno H, et al. Early and 

midterm patency of the proximal anastomoses of saphenous vein grafts made with a 
Symmetry Aortic Connector System. J Thorac Cardiovasc Surg 2005 Oct;130(4):1028-31. 

117. Saunders E, Ofili E. Epidemiology of atherothrombotic disease and the effectiveness 
and risks of antiplatelet therapy: race and ethnicity considerations. Cardiol Rev 2008 Mar-

Apr;16(2):82-8. 
118. Gurbel PA, Bliden KP, Cohen E, Navickas IA, Singla A, Antonino MJ, et al. Race 

and sex differences in thrombogenicity: risk of ischemic events following coronary stenting. 
Blood Coagul Fibrinolysis 2008 Jun;19(4):268-75. 

119. Fujiwara T, Ikeda M, Esumi K, Fujita TD, Kono M, Tokushige H, et al. Exploratory 
aspirin resistance trial in healthy Japanese volunteers (J-ART) using platelet aggregation as a 

measure of thrombogenicity. Pharmacogenomics J 2007 Dec;7(6):395-403. 
120. Harnek J, Zoucas E, Stenram U, Cwikiel W. Insertion of self-expandable nitinol 

stents without previous balloon angioplasty reduces restenosis compared with PTA prior to 
stenting. Cardiovasc Intervent Radiol 2002 Sep-Oct;25(5):430-6. 

121. Shabalovskaya S, Anderegg J, Rondelli G, Vanderlinden W, De Feyter S. 
Comparative in vitro performances of bare Nitinol surfaces. Biomed Mater Eng 

2008;18(1):1-14. 
122. Gummert JF, Demertzis S, Matschke K, Kappert U, Anssar M, Siclari F, et al. Six-

month angiographic follow-up of the PAS-Port II clinical trial. Ann Thorac Surg 2006 
Jan;81(1):90-6. 

123. Bergsland J. Twelve-month patency with the PAS-port proximal connector device: a 
single center prospective randomized trial. Invited commentary. Ann Thorac Surg 2008 

May;85(5):1584-5. 
124. Scarborough JE, White W, Derilus FE, Mathew JP, Newman MF, Landolfo KP. 

Combined use of off-pump techniques and a sutureless proximal aortic anastomotic device 
reduces cerebral microemboli generation during coronary artery bypass grafting. J Thorac 

Cardiovasc Surg 2003 Nov;126(5):1561-7. 



 42 

125. Lund C, Hol PK, Lundblad R, Fosse E, Sundet K, Tennoe B, et al. Comparison of 
cerebral embolization during off-pump and on-pump coronary artery bypass surgery. Ann 

Thorac Surg 2003 Sep;76(3):765-70; discussion 70. 
126. Skjelland M, Bergsland J, Lundblad R, Lingaas PS, Rein KA, Halvorsen S, et al. 

Cerebral microembolization during off-pump coronary artery bypass surgery with the 
Symmetry aortic connector device. J Thorac Cardiovasc Surg 2005 Dec;130(6):1581-5. 

127. Motallebzadeh R, Bland JM, Markus HS, Kaski JC, Jahangiri M. Neurocognitive 
function and cerebral emboli: randomized study of on-pump versus off-pump coronary artery 

bypass surgery. Ann Thorac Surg 2007 Feb;83(2):475-82. 
128. Ritter MA, Ringelstein EB. The Venturi effect and cerebrovascular ultrasound. 

Cerebrovasc Dis 2002;14(2):98-104. 
129. Jin R, Hiratzka LF, Grunkemeier GL, Krause A, Page US, 3rd. Aborted off-pump 

coronary artery bypass patients have much worse outcomes than on-pump or successful off-
pump patients. Circulation 2005 Aug 30;112(9 Suppl):I332-7. 

130. Soltoski P, Salerno T, Levinsky L, Schmid S, Hasnain S, Diesfeld T, et al. Conversion 
to cardiopulmonary bypass in off-pump coronary artery bypass grafting: its effect on 

outcome. J Card Surg 1998 Sep-Oct;13(5):328-34. 
131. Grunenfelder J, Comber M, Lachat M, Leskosek B, Turina M, Zund G. Validation of 

Intracoronary Shunt Flow Measurements for Off-Pump Coronary Artery Bypass Operations. 
Heart Surg Forum 2004 Jan;7(1):26-30. 

132. Lucchetti V, Capasso F, Caputo M, Grimaldi G, Capece M, Brando G, et al. 
Intracoronary shunt prevents left ventricular function impairment during beating heart 

coronary revascularization. Eur J Cardiothorac Surg 1999 Mar;15(3):255-9. 
133. Dygert JH, Thatte HS, Kumbhani DJ, Najjar SF, Treanor PR, Khuri SF. Intracoronary 

shunt-induced endothelial cell damage in porcine heart. J Surg Res 2006 Apr;131(2):168-74. 
134. Hangler HB, Pfaller K, Ruttmann E, Hoefer D, Schachner T, Laufer G, et al. Effects 

of intracoronary shunts on coronary endothelial coating in the human beating heart. Ann 
Thorac Surg 2004 Mar;77(3):776-80. 

135. Wippermann J, Albes JM, Bruhin R, Hartrumpf M, Vollandt R, Kosmehl H, et al. 
Chronic ultrastructural effects of temporary intraluminal shunts in a porcine off-pump model. 

Ann Thorac Surg 2004 Aug;78(2):543-8. 
136. Menon AK, Albes JM, Oberhoff M, Karsch KR, Ziemer G. Occlusion versus shunting 

during MIDCAB: effects on left ventricular function and quality of anastomosis. Ann Thorac 
Surg 2002 May;73(5):1418-23. 

137. Glance LG, Dick AW, Osler TM, Mukamel DB. The relation between surgeon 
volume and outcome following off-pump vs on-pump coronary artery bypass graft surgery. 

Chest 2005 Aug;128(2):829-37. 
138. Vassiliades TA, Jr. Robotics in cardiac surgery. Int J Med Robot 2006 Mar;2(1):4-6. 

139. Vassiliades TA, Jr., Reddy VS, Puskas JD, Guyton RA. Long-term results of the 
endoscopic atraumatic coronary artery bypass. Ann Thorac Surg 2007 Mar;83(3):979-84; 

discussion 84-5. 
140. Matschke KE, Gummert JF, Demertzis S, Kappert U, Anssar MB, Siclari F, et al. The 

Cardica C-Port System: clinical and angiographic evaluation of a new device for automated, 
compliant distal anastomoses in coronary artery bypass grafting surgery--a multicenter 

prospective clinical trial. J Thorac Cardiovasc Surg 2005 Dec;130(6):1645-52. 
141. Ono M, Wolf RK, Angouras D, Schneeberger EW. Early experience of coronary 

artery bypass grafting with a new self-closing clip device. J Thorac Cardiovasc Surg 2002 
Apr;123(4):783-7. 

142. Elefteriades JA. Robot for coronary artery bypass grafting: a 'million dollar coat 
hanger'? Cardiology 2009;114(1):56-8. 



 43 

143. Wolf. Anastomotic devices for coronary surgery. Minim Invasive Ther Allied 
Technol 2004 Feb;13(1):4-10. 

 
 





I





II





III





IV





V





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


