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3. Introduction 

 

 

3.1 Remote organ failure leading to recidivism following cardiac surgery 

In recent times, there have been significant improvement in the reduction of 

mortality after coronary artery bypass grafting (CABG). However, with older and sicker 

patients there stills remains significant morbidity due to remote organ dysfunction 

which may require re-admission to intensive care unit (ICU). Following cardiac surgery 

the use of ICU facilities varies amongst various institutions. Factors such as 

preoperative organ dysfunction in the patient, the institutions physical constraints, high 

costs, individual surgical practice styles and the type of cardiac operation influence the 

use of ICU facilities following surgery [1]. There is increasing pressure to make ICU 

beds available for cardiac surgery. This may be achieved my increasing the resources 

available or reducing the time the patients stay in ICU after cardiac surgery. However, 

patient care cannot be compromised at any cost. Hence, it is becoming increasingly 

important to identify patients at high risk of returning to the ICU for organ support, for 

example  intra-aortic balloon pump (IABP), haemofiltration, ventilation, etc. during the 

same admission after undergoing cardiac surgery. Although criteria have been described 

for discharging patients out of general ICUs [2], there is very limited literature on the 

successful use of such guidelines on the outcome for patients following cardiac surgery. 

Since readmission to the ICU may imply that such patients have been discharged 

prematurely, ICU readmission rates have been proposed as measures of quality indexes 

[3,4]. In the present cardiac literature, the incidence of recidivism following cardiac 

surgery for remote organ dysfunction and criteria defining patients at high risk of 

requiring step-up care have not been well described.  

 

 

3.2. IABP use to prevent remote organ dysfunction after high-risk OPCAB 

                The use of IABP for haemodynamic  instability and/or coronary ischaemia 

after CABG is well recognised. However, the effect of IABP on cardiac as well as 
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remote organ function when it is inserted pre-operatively for high-risk off-pump 

coronary artery bypass grafting (OPCAB) is less well established. Dislocation of the 

heart during OPCAB in high-risk patients may result in haemodynamic instability 

and/or coronary ischaemia [5-7]. High-risk CABG has been considered as a contra-

indication for OPCAB by some authors [8,9]. However, improvements in the functional 

design of OPCAB stabilizing devices and anaesthesia has led to the application of 

OPCAB to high-risk CABG patients which were previously deemed unsuitable for this 

technique and therefore selected for conventional cardio-pulmonary bypass (CPB). 

Despite significant advances in OPCAB technology and techniques, these patients 

remain more susceptible to deterioration and conversion to CPB due to severe multi-

vessel disease, left main stem (LMS) stenosis or poor cardiac contractility with 

recognized increase in distant organ failure and mortality. Intituively, it would make 

sense to elect to insert IABP pre-operatively when procedures like off-pump coronary 

endarterectomy (CE) are contemplated. The elective use of IABP in these patients may 

prevent this and thus avoid the institution of CPB with its attendant risks to multiple 

body organs which include inflammation and global ischaemia [10,11]. Although one 

may be lead to assume improvement of cardiac performance in such a situation, whether 

there is any benefit on remote organ function, if any, is not known. Conversely, the use 

of IABP in such circumstances may be harmful in terms of renal and vascular 

complications. 

 

3.3 Remote organ outcomes after beating heart coronary endarterectomy 

           In the current era, cardiac surgeons are being referred patients with increasing 

frequency with diffuse coronary artery disease for consideration for CABG. Despite the 

introduction of coronary endarterectomy (CE) 40 years ago [12,13] as a method of 

treatment of diffuse coronary artery disease, its application remains controversial [14-

17] as it carries a higher perioperative risk leading to distant organ dysfunction and 

poorer long-term survival [18-20]. It is a technically challenging procedure leading to 

prolonged surgery and CPB time, which may result in some inexperienced surgeons 

avoiding to undertake it with consequent incomplete revascularisation. Associated peri-

operative myocardial infarction (MI) may lead to low-output syndrome, use of IABP 

and ensuing multi-organ failure. More recently, although several authors have reported 
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[21-23] better short-term outcome for different organ systems and improved long-term 

survival, it is still performed in a small proportion of CABG patients, in contrast to 

earlier decades when it was performed more frequently [18]. Furthermore, to avoid the 

institution of CPB with its attendant risks of inflammation and global ischemia [24,25], 

CE with OPCAB, which is again very challenging, is considered by some present day 

centres as the technique of choice for the surgical management of coronary artery 

disease, specially in patients who are at high-risk of multiple organ failure [26,27]. 

Although the aim of CE is to achieve complete revascularisation, improperly done this 

may result in further intervention either in the form of percutaneous coronary 

intervention or redo-CABG on the beating or the arrested heart.  

 

3.4. Remote organ dysfunction after redo-CABG on the beating and the 

arrested heart 

            Remote organ dysfunction and mortality associated with redo-CABG are higher 

than those for first-time CABG [28,29]. Although there has been a considerable 

reduction in mortality associated with redo-CABG, remote organ morbidity remains 

significant [30-32]. Factors implicated in higher risk include increasing age, left 

ventricle (LV) dysfunction and associated comorbidities. Redo-CABG poses increased 

risk of haemorrhage, graft injury and embolisation into native coronaries due to graft 

manipulation. Particular issues include availability of conduits, complete 

revascularisation, myocardial protection and use of blood products [33]. Strategies to 

avoid the above problems include different approaches of re-entry, careful graft 

dissection to minimise graft atheroembolism and modification in myocardial protection 

techniques on the basis of coronary anatomy and graft patency. Off-pump coronary 

revascularisation is an alternative method that avoids the inherent risks of CPB [34,35] 

and potential benefits in terms of cardiac and remote organ outcome. To avoid the 

particular hazards of re-sternotomy, redo-OPCAB through a thoracotomy has been 

advocated, especially for patients requiring revascularisation of the circumflex and/or 

left anterior descending (LAD) coronary arteries [36]. Careful patient selection and 

modification of the operative technique are of paramount importance in such cases to 

avoid cardiac as well as remote organ dysfunction. On the contrary, as with the heart-

lung machine there is more room to achieve haemodynamic stability and end organ 
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perfusion, with OPCAB especially in the redo setting there is potential for 

cardiovascular compromise and organ damage, for example, gastro-intestinal, cerebral, 

renal and pulmonary complications. The risk-benefit assessment of OPCAB in this 

setting remains to be explored. 

 

3.5. Gastro-intestinal complications after CABG on the beating and the 

arrested heart 

             Gastro-intestinal (GI) complications are difficult to diagnose early after CABG 

because symptoms may not be evident due to sedation, mechanical ventilation with or 

without muscle paralysis, and analgesia. The ability to identify patients who are at 

greater risk of developing GI complications may allow earlier detection and treatment, 

thereby increasing the probability of a successful outcome. Patients requiring recidivism 

after CABG, those undergoing high-risk OPCAB, CE with OPCAB and redo-CABG 

and those with IABP in-situ, may be particularly prone to develop GI complications 

after CABG. These complications are rare (0.4%–2%) but result in high mortality [37]. 

Although many retrospective reviews have reported various GI complications after 

CABG, including GI bleeding, mesenteric ischaemia, pancreatitis, cholecystitis, 

perforated ulcers, and ileus, very few studies have assessed the risk factors for 

developing GI complications and associated mortality using multivariate analysis in the 

same series [38]. In clinical experience, mesenteric ischaemia, especially has a grave 

prognosis with or without surgery. Identification of factors that lead to higher mortality 

after development of GI complications may result in design of interventions and further 

studies that could improve the outcome of these patients.  
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4. Aims of the study 

 

The overall primary aim of my study was to identify the risk and the effects of remote 

organ dysfunction on the outcome after CABG. Secondarily, my objective was also to 

identify whether any intervention could prevent remote organ dysfunction in high-risk 

OPCAB and if the addition of CE to OPCAB and performing redo-CABG by OPCAB  

increased the risk of remote organ dysfunction. 

 

 

1. To determine the rate of recidivism for remote organ dysfunction, its relationship 

with the primary length of stay in the ICU, the remote organs involved and the 

independent predictors leading to its occurrence. 

 

 

2. To establish whether pre-operative elective insertion of IABP in high-risk OPCAB 

prevents remote organ dysfunction. 

 

 

3. To evaluate remote organ dysfunction in patients undergoing OPCAB+concomitant 

CE. 

 

 

4. To compare remote organ dysfunction and late outcome of redo-on pump coronary 

artery bypass grafting (redo-ONCAB) versus redo-OPCAB. 

 

 

5. To determine the risk factors for developing GI complications and the associated 

mortality in patients undergoing first-time CABG.  
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5. Patients and methods 

The study about the remote organ injury after cardiac surgery is presented through the 

following five examinations.  

5.1 The examination of recidivism 

5.1.1. Patients and methods 

            From 8113 consecutive adult patients who underwent CABG, valve replacement 

or repair and combined valve+CABG surgery between January 1996 and December 

2003, a total of 7717 patients who were discharged alive from the cardiac ICU were 

retrospectively studied. Three hundred and ninety six patients who died in theatre or 

during their primary ICU stay were excluded. Although few patients may have been 

discharged out of ICU in a few hours, generally, fast track surgery is not performed at 

our institution. Information for the study was obtained from the cardiac surgical ‗Patient 

Analysis and Tracking system‘ (PATS) database and hospital records. All patients who 

needed recidivism to the ICU for pulmonary, cardiac or distant organ support were 

identified and the yearly rate of recidivism determined. The principal organ for which 

recidivism was required, length of stay in the ICU as well as hospital following 

recidivism, the occurrence of post-operative multiple organ complications and outcome 

in terms of mortality were also determined in all patients. In an  emergency situation, it 

can be extremely difficult to distinguish between cardiac and pulmonary causes of 

dyspnoea. However, in such situations the patients were seen by the Consultant 

Anaesthetist on-call who examined the patient thoroughly and apart from other tests, a 

CXR was performed. In this way, in majority of cases, it was possible to determine 

whether the primary cause was ‗respiratory‘ or ‗cardiovascular‘ and this was clearly 

documented in the patient‘s notes. In recidivism patients, for low cardiac output (based 

on pre-operative, intra-operative and post-operative assessment) agreed by the surgeon 

and the intensivist, firstly pharmacological inotropic support was used which was then 

followed by IABP insertion once it was thought that moderate doses of inotropes were 

reached without any additional benefit. 
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5.2. The effects of elective insertion of IABP 

 

5.2.1 Patients and methods: 

             Six hundred and twenty five consecutive patients who underwent OPCAB 

between 1996 and 2004 formed the study group. A total of 45 (7.2%) high-risk patients 

fulfilling two or more of the following criteria: left main stem (LMS) stenosis ≥70%, 

unstable angina Canadian Cardiovascular Society (CCS) class III-IV or poor left 

ventricular ejection fraction (LVEF) ≤30% (as assessed by left ventriculography) who 

underwent OPCAB were identified. High-risk patients who had an elective pre-

operative IABP inserted (Group I; n=20) were compared with similar high-risk patients 

(Group II) who did not (n=25). Group II was operated between 1996 and 2000 whereas 

group I was operated between 2001 and 2004. Cardiac catheterization was performed in 

all patients. The preoperative LVEF was measured from biplane ventricular 

angiography by the area-length method. Patients who suffered with myocardial 

infarction (MI) within 4 weeks, those requiring emergency surgery, on inotrope 

infusions, with ongoing ischaemia or shock pre-operatively were excluded from the 

study. 

 

5.2.2. Surgical procedure 

Surgery was performed by the same operator. After general anaesthesia, the IABP was 

inserted (group I) in the operating room before sternotomy by the open technique. A left 

inguinal incision was made and the common femoral artery was exposed. We used a 9.5 

French catheter, 40ml connected to the console (Datascope, Oakland, NJ, USA). There 

was no failure of placement of IABP. No fluoroscopic or TEE control was used to 

verify the IABP position. Standard intraoperative monitoring techniques were used. A 

CPB circuit was on stand-by for all cases. All procedures were performed through a 

median sternotomy. After the conduits (internal mammary artery, the radial artery and 

saphenous vein) were harvested, heparin was administered to maintain an activated 

clotting time greater than 250 seconds. We used the suction-type (Octopus® 3; 

Medtronic, Inc, USA) and the compression type (Ultima
TM 

OPCAB system, CTS-
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Guidant, USA) mechanical stabilisers, to immobilize the target coronary artery. A heart 

positioner (Guidant AXIUS™ Xpose™ Access Device 3, Inc, USA and improved 

Medtronic Starfish™ 2, Inc, USA) was used in the latter part of the series to expose the 

posterior and inferior surfaces of the heart. In the earlier part of the study, tourniquet-

occlusion techniques were used to obtain a bloodless field during coronary anastomosis 

whereas from 2002 onwards intracoronary shunts were used routinely in all target 

vessels. The distal anastomosis was constructed using 7-0 polypropylene and standard 

techniques. The position of the IABP was checked as soon as the patient returned to the 

ITU by chest X-ray. Only in 1 patient the IABP had to be re-positioned after surgery. 

Patients returning from theatre with an IABP were anticoagulated with heparin once the 

bleeding from the drains subsided. The IABP was weaned as soon as possible after the 

operation aiming to remove it within 24-48 hours. This required surgical exploration 

and direct suturing and was performed in ITU before extubation. In no patient repeat 

intubation and general anaesthesia was required. 

 

5.3.OPCAB with coronary endarterectomy - remote organ 

outcomes 

 

5.3.1. Patients and Methods 

Between January 1995 and May 2004, of 680 OPCAB patients, 70 (10.29%) 

underwent concomitant CE. Any patient suitable for OPCAB (which in our practice 

includes those with poor LVEF and LMS disease) was considered for off-pump 

endarterectomy. Although it was suspected before surgery that CE may be required after 

reviewing the angiogram, the final decision was made during the procedure. In all cases, 

once the decision was made to perform CE, this was pursued off-pump as long as CE 

was feasible and could be achieved with safety. ‘Safety‘ relies on the experience of the 

surgeon and entails the avoidance of cardiovascular instability and myocardial 

ischaemia. The preoperative characteristics are listed in Table 2. Clinical data were 

prospectively collected and entered into the PATS database. Also, the clinical notes of 

these patients were reviewed. When the information provided by the clinical notes was 

not adequate, the patient‘s general practitioner was contacted by telephone. The study 

http://www.ctsnet.org/guidantcardio/product/733
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was approved in April 2004 by the Clinical Study Review Department at our institution 

and patient consent was waived. Postoperative MI was defined as persistent 

electrocardiographic (ECG) changes such as new Q waves, loss of R-wave progression, 

new intraventricular conduction defects, or new echocardiographic evidence of wall 

motion abnormality. ECGs were performed in all patients on day 1 and day 4 

postoperatively and more frequently if required. The median follow-up was 4.91 years 

(range: 0.9-9.4 years). Eleven patients were followed up for more than 8 years. Four 

patients were in their 10
th

 year of follow-up. 

 

5.3.2. Surgical Procedure 

Standard intraoperative monitoring techniques were used. A CPB circuit was on 

standby for all cases. All procedures were performed through a median sternotomy. 

After the conduits [left internal mammary artery (LIMA), radial artery (RA) and long 

saphenous vein (SV)] were harvested, heparin was administered to maintain an 

activated clotting time >400 seconds (s). A cell-saving device was used for blood 

recovery from 2002 onward. Metoprolol was administered intravenously to maintain a 

heart rate of 50-60 beats/minute. We used the suction-type (Octopus 3; Medtronic, 

Minneapolis, USA) and the compression type (Ultima OPCABG system; CTS-Guidant, 

Indianapolis, USA) mechanical stabilizers to immobilize the target coronary artery. A 

heart positioner (Guidant AXIUS Xpose Access Device 3, and the improved Medtronic 

Starfish 2) was used in the latter part of the series to expose the posterior and inferior 

surfacesof the heart. The final decision to endarterectomise a vessel was made 

intraoperatively and was based on technical considerations. CE was considered when no 

adequate segment of a vessel, supplying viable muscle with reversible ischemia, was 

suitable for grafting. Apparently patent and therefore graftable segment on angiogram 

was on occasion found unsuitable due to severe narrowing or heavy calcification 

precluding effective anastomosis. Endarterectomy of the diseased vessel was only 

performed when the artery was completely or nearly occluded with heavily calcified 

plaques and long stenosis extending distally. The arteriotomy was commonly 

approximately 1.5 cm long, but was extended for another 0.5 cm in few cases. Open CE 

and vein patch were not used in any cases, and the incision in the conduit was extended 

to match the arteriotomy. A fine dissector was used to develop a distal plane between 
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the adventitia and the atheromatous core. The atheroma was then held with a pair of 

large blunt forceps in the middle, and gentle sustained traction [39,40] was applied 

distally cranially. Only 1 to 2 cm of the proximal core was dissected, and the atheroma 

divided at this level because of the risk of competitive flow between the graft and the 

native vessel that may compromise flow through the graft. Thus, complete proximal 

endarterectomy was avoided. It is often helpful to tease the adventitia distally over 

tenacious segments using peanut swab dissection or by lifting and picking the external 

layers, thus enhancing layer separation. We noted that lesser traction is required with 

off-pump CE, as countertraction by the beating heart assists in  distal dissection and 

removal of the atheroma. To ensure complete removal of the distal atheroma, the core is 

carefully inspected to visualize the smooth distal tapering end (Figure 1). Moreover, 

back flow of blood from the distal vessel during the dissection and after complete 

extraction of the atheroma is a reassuring sign of satisfactory progress that is unique to 

off-pump endarterectomy. A probe was not introduced distally owing to the fear of 

raising a flap at the site of termination of endarterectomy and risk of dissection. If the 

surgeon was unhappy with the completeness of endarterectomy as judged by the 

inspection of the distal core and inadequate backbleeding, the distal vessel was carefully 

palpated and a second incision was made distally, allowing the atheromatous core to be 

completely removed. In this way, atheromas measuring approximately 10 cm can be 

removed from the diseased vessel. In the earlier part of the study, proximal and distal 

snares and vascular occluders were used to control blood in the surgical field resulting 

from forward flow and backbleeding. Intracoronary shunts were used since their 

introduction in 2002, whenever possible. The distal anastomosis to the 

endarterectomised vessel was constructed end to side using 7-0 polypropylene sutures 

using standard techniques. Aspirin, 75 mg, was commenced postoperatively once 

bleeding had settled, and all patients since 2003 have been also prescribed clopidogrel, 

75 mg.  
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Figure 1. Complete removal of the atheromatous core from the RCA: starting on the left 

of the figure is the main RCA atheroma, which divides into the posterior descending 

artery (PDA), going downward in the figure, before continuing in to the atrioventricular 

groove, going to the right. Note the smooth distal tapering end of the RCA and the PDA 

atheroma. Also note the atheroma in septal branches given off by the PDA. 
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5.4.Redo-CABG on the beating vs. arrested heart 

5.4.1. Patients and methods 

              From April 2001 to September 2006 isolated elective redo-CABG was 

performed in 110 patients (redo-ONCAB=50 and redo-OPCAB=60). Applying the 

propensity score, 43 OPCAB patients were matched with 43 ONCAB patients. 

Institutional Board approval for the study was obtained. All five surgeons who operated 

on these patients were accustomed to both OPCAB and ONCAB surgery. Information 

for the study was obtained from the cardiac surgical PATS database and hospital 

records. Cardiac catheterisation was performed in all patients. The preoperative LVEF 

was measured from biplane ventricular angiography by the area-length method. Patients 

who required emergency surgery (n=8) and those in cardiogenic shock (n=1) were 

excluded from the study. All the patients had previously undergone ONCAB. The mean 

age of redo-OPCAB was 65±7.9 years and was similar to that of redo-ONCAB (p=NS). 

The mean EuroScore was 5±4.7 and 5±3.4 for redo-ONCAB and redo-OPCAB, 

respectively (p=0.5). The number of diseased coronary arteries was 3±0.5 and 2±0.8 in 

redo-ONCAB and redo-OPCAB, respectively (p<0.01). There were no differences in 

other preoperative risk factors between the two groups. The threshold for extubation 

was similar in both the groups and followed a standard protocol. Postoperative MI was 

defined as persistent ECG changes such as new Q waves, loss of R wave progression, 

new intraventricular conduction defects or new echocardiographic evidence of wall 

motion abnormality. ECGs were performed in all patients on the day of surgery and day 

4 postoperatively (more frequently if required).  

 

 

5.4.2. Off-pump technique  

5.4.2.1.  Sternotomy 

Anaesthesia was induced using propofol 1-2 mg/kg, pancuronium 0.1 mg/kg, 

and fentanyl 8-15 mg/kg and maintained by air, oxygen and propofol 2-3 mg/kg h. After 

the chest was opened, the LIMA was harvested as a wide pedicle including artery, vein, 

muscle, fascia, and adipose tissue. The pedicle was sprayed with diluted papaverine 

solution (50 mg/20 ml normal saline). If the radial artery was used, it was flushed with a 
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solution of 50 mg phenoxybenzamine, 20 ml of blood and 2000 units of heparin. 

Normothermia was maintained with warm intravenous fluids, a heating mattress, a 

humidified airway and a warm operating theatre. Standard intraoperative monitoring 

techniques were used. A CPB circuit was on stand-by for all cases. A cell-saving device 

for blood recovery was used. To minimise haemodynamic compromise, the right pleural 

space was opened to create a space for the rotated and vertically positioned heart. 

Suction-type (OctopusW 3; Medtronic, Inc, USA) and the compression type (UltimaTM 

OPCAB system, CTSGuidant, USA) mechanical stabilisers were used to stabilise the 

target coronary artery. One deep pericardial retraction suture was placed at the posterior 

fibrous pericardium very close and medial to themost proximal part of the inferior vena 

cava. This acted as a lever to help the surgeon manipulate and rotate the heart to vertical 

and lateral positions along with the stabiliser. Anticoagulation was achieved with 150 

U/kg of heparin. If required, heparin was supplemented to maintain the activated 

clotting time >250 seconds and was reversed by protamine at the end of the procedure. 

Mean arterial pressure was maintained above 50 mmHg by repositioning the heart and 

by intravenous fluids, selective use of vasoconstrictors or both. The distal anastomosis 

was constructed using 8-0 polypropylene for LAD and 7-0 polypropylene for other 

vessels. Aspirin 300 mg was administered 6 hours postoperatively if bleeding had 

settled. 

 

5.4.2.2. Thoracotomy 

A double-lumen endotracheal tube was inserted. External defibrillation pads 

were placed before skin prepping. Patients requiring bypass to the circumflex system 

had a posterolateral thoracotomy. The patient was positioned in a right lateral decubitus 

position with the pelvis externally rotated (45 degrees) to allow access to the femoral 

vessels, if required. The left femoral vessels were not exposed routinely. After the left 

lung was deflated, an incision was made in the fourth or fifth intercostal space. When 

the subclavian artery was used for inflow, the fourth intercostal space was chosen. As 

necessary, the thoracotomy was extended a few centimetres anteriorly or posteriorly to 

gain exposure of the target coronary vessel and the descending aorta or left subclavian 

artery. The lung was dissected free and the inferior pulmonary ligament incised. With a 

patent LIMA graft, the anteromedial aspect of the lung was dissected from the 
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pericardium only enough to locate the circumflex target, thus avoiding the LIMA graft. 

Palpation of the pericardium was performed to locate previous vein grafts if present. 

The pericardium was opened posterior to the phrenic nerve. Careful and limited 

dissection was performed to locate the target vessel and trace old grafts. After the  target 

coronary was identified, the proximal anastomosis was then performed. The descending 

aorta was generally chosen as the source of inflow. The patient was heparinised as for 

redo-OPCAB. A side-biting clamp was used to help in completion of the proximal 

anastomosis on the descending aorta. In cases where the descending aorta was severely 

atherosclerotic, the left subclavian artery was used for inflow. Proximally, the vessel 

was dissected circumferentially and occluded with a side-biting clamp or with vessel 

loops. Anastomosis was fashioned proximal to the origin of LIMA. With a patent LIMA 

to LAD graft, if a test occlusion of the subclavian artery did not result in ECG changes 

or clinical ischaemia, only then the arteriotomy was performed and proximal 

anastomosis completed. The distal anastomoses were completed using bulldog 

occluders proximally and a stabiliser (UltimaTM OPCAB system, CTS-Guidant, USA). 

Endovascular shunts were not used. Distal anastomoses were completed with running 7-

0 or 8-0 polypropylene. Grafts originating from the left subclavian artery as well as the 

descending aorta were routed anterior to the hilum.  Chest tubes were placed, intercostal 

bloc with bupivicaine 0.25% was performed and full expansion of the lung ensured 

before routine chest closure.  

 

5.4.3. On-pump technique 

The heart was exposed using a standard midline sternotomy incision. CPB was 

instituted with a single right atrial two-stage cannula and an ascending aorta perfusion 

cannula. Standard CPB management included membrane oxygenators, arterial line 

filters, systemic hypothermia down to 32
O
C, and non-pulsatile flow of 2.4 l/min/m

2
, 

with a mean arterial pressure >50 mmHg. The myocardium was protected by using 

intermittent antegrade cold blood cardioplegia (4:1 blood to crystalloid ratio). 

Combined anterograde and retrograde cardioplegia was employed selectively, 

particularly in patients with LMS disease and tight RCA. Anticoagulation was achieved 

using 300 units/kg of heparin. If required, heparin was supplemented to maintain the 

activated clotting time >480 seconds and was reversed at the end of the procedure. 
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Anastomoses were constructed with the same suture material used for redo-OPCAB. 

Aspirin 300 mg was administered 6 hours postoperatively if bleeding had settled.  

 

 

5.5.Gastro-intestinal complications after cardiac surgery 

5.5.1. Patients and methods  

Between April 2001 and December 2005, data were collected prospectively from 2,320 

consecutive patients who underwent first-time CABG. Collating of the data commenced 

in January 2006, and progressed up to August 2006, mainly to determine the survival 

data. Information for the study was obtained from our cardiac surgical PATS database 

and hospital records. Patients who had a MI within 4 weeks, those requiring 

concomitant valve or other surgery, and patients on inotropic infusions or in shock 

preoperatively were excluded from the study. All patients in our study were routinely 

started on proton-pump inhibitors postoperatively. Those who were already taking 

antacids, H
2
 blockers, or proton pump inhibitors had their medication continued up to 

the day of surgery. Any suspicion of a GI complication was addressed by a GI surgeon 

or gastroenterologist. Paralytic ileus was diagnosed by a consultant general surgeon on 

the basis of clinical features (painless abdominal distension) and grossly distended 

bowel loops on plain abdominal radiographs.  The cause of bowel obstruction or 

pseudoobstruction was previous laparotomy resulting in subacute obstruction due to 

adhesions. Once a complication was identified, a specialist referral was made 

immediately, and appropriate measures were taken. For upper and lower GI bleeding, 

both esophagogastroduodenoscopy and colonoscopy were performed. 

Sclerotherapy±adrenaline injection was carried out in appropriate cases. No patient 

required a laparotomy for GI bleeding. In suspected ischaemic bowel, the on-call 

general surgeon reviewed the patient, and if felt appropriate, a laparotomy was 

performed. Paralytic ileus was treated conservatively.  

Stepwise logistic multiple regression analyses were carried out to determine the 

independent predictors of GI complications and subsequent death. Two analyses were 

performed: the patients with GI complications were compared with those without GI 
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complications; and the predictors of survival were determined in 51 patients who 

survived and 14 who died after GI complications. The definitions of GI complications 

were derived from the Society of Thoracic Surgeons‘ database [42]. Upper and lower GI 

bleeding were determined on the basis of endoscopy findings.  

 

5.6 Statistics 

For study 1, statistics were obtained using the package STATISTICA for windows 

version 4.3, StatSoft Inc. USA. For the rest of the studies, statistical analysis was 

performed using SPSS software (version 12 for Windows for study 2-4 and version 15 

for Windows for study 15; SPSS, Chicago, Illinois, USA). Preoperative and 

postoperative data are expressed as means±SD. Whilst continuous variables were 

compared between groups using the students ‗t‘ test or Mann Whitney U test, 

categorical data was compared between the two groups using the Fisher‘s exact test or 

chi-square test, where appropriate. To determine the influence of various factors on 

recidivism in study 1, patient variables that were considered to influence outcome were 

analysed using multiple regression analysis, with recidivism as a dependent variable. In 

study 4, the two techniques by the propensity score analysis [41]. Propensity score 

matching of 50 redo-ONCAB and 60 redo-OPCAB patients was carried out using the 

psmatch2 command in STATA 9.2 (StataCorp, Texas, USA). A probit model was used 

with patients matched according to the variables listed in table 8. The model was then 

used to calculate a propensity score for each patient. This score was subsequently used 

to match patients in the on- and off-pump groups, using nearest-neighbour propensity 

score matching. Comparable patient groups were identified by matching 43 redo-

ONCAB patients with 43 redo-OPCAB patients. In study 5, to determine the influence 

of various factors (including remote organ dysfunction on the incidence of GI 

complications and subsequent mortality, patient variables that might influence outcome 

were analysed using automated forward multiple regression analysis. Where 

appropriate, the Kaplan-Meier method was used to analyse actuarial survival and 

freedom from events (death, MI and repeat intervention). The log rank test was used to 

compare the survival and freedom from events between two groups. A value of p <0.05 

was considered significant in all statistical analyses. 
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6. Results 

 

6.1.The examination of recidivism 

               From 7717 patients who were discharged out of the ICU following CABG, 

valve and combined CABG+surgery, 2.3% (182) of patients (65.4% (119) males) 

required re-admission to the ICU for cardiac and/or remote organ support. The mean 

age of patients requiring readmission to ICU was 70.4±8.35 years (range 30–90 years) 

and not significantly different from those who did not require readmission [mean age 

66.2±7.5 years (range 29–91 years) (p=0.09)]. Whilst recidivism following CABG was 

1.8% (101/5633), recidivism following valve replacement/repair±CABG was 

significantly higher at 3.9% (81/2084) (p=0.05). Although showing a downward trend, 

the overall yearly recidivism rate has not changed significantly (Figure 2).  

 

6.1.1. Primary length of stay in the ICU and interval to recidivism  

             The mean length of primary stay in the ICU of patients subsequently requiring 

recidivism was 2.5±3.4 days (range 5 hours-22 days) and longer (although statistically 

may well be the same) compared to the primary length of stay of those patients who did 

not require recidivism, which was 1.6±2.2 days (range 1 hour-35 days; p=0.4). 

Interestingly, as shown in table 1, the primary length of ICU stay did not have a 

significant effect on the rate of ICU recidivism in the multiple regression analysis. The 

mean interval from ICU discharge to ICU recidivism was 6.6±8.4 days (range 6 hours-

28 days). 
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Figure 2 

Yearly rate of ICU recidivism 
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Table 1 

 Results of multivariate analysis defining the predictors of ICU recidivism 

following cardiac surgery 

Clinical parameter Recidivism 

patients [n(%)] 

Multivariate p 

Pre-operative variables 

Age >65 years 64 (35.1%) 0.09 

Male versus female 113 males (62.1%) 0.5 

NYHA class III/IV 100 (54.9%) 0.3 

Previous MI 91 (50%) <0.01 

Preoperative pulmonary disease (longterm use of 

bronchodilators or steroids for lung disease) 

35 (19.2%) 0.7 

Smoking 27 (14.8%) 0.9 

Diabetes 22 (12.1%) 0.5 

Renal impairment (eGFR <90 ml/min) 105 (57.7%) 0.6 

Hypertension 36 (19.8%) 0.6 

Atrial fibrillation (AF) 30 (16.5%) 0.3 

Post-operative variables during primary ICU stay 

IABP 29 (15.9%) 0.00001 

Cardiac dysrhythmias 90 (49.4%) <0.003 

Re-exploration for bleeding 11 (6.0%) <0.02 

Hemofiltration 12 (6.6%) <0.003 

Pulmonary complications 54 (29.7%) <0.00001 

CPAP support on ICU 36 (19.8%) 0.4 

Tracheostomy 23 (12.6%) 0.28 

Blood loss >1 l 15 (8.2%) 0.7 
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Clinical parameter Recidivism 

patients [n(%)] 

Multivariate p 

Combined CABG+valve 22 (12.1%) 0.01 

Length of primary stay in ICU >48 h 47(25.8%) 0.7 

 

Note: ‗CPAP‘ here means ‗non-invasive mechanical ventilation to prevent re-

intubation‘. 

 

 

 

 

6.1.2. Causes of recidivism 

            Although some patients may had multiple remote organ complications, we 

classified the causes of recidivism on the basis of the prinicipal organ complication that 

lead to readmission to the ICU. Pulmonary complications requiring re-intubation and 

ventilation lead to 54.9% (n=100) of readmissions to the ICU (Table 2). These included 

hospital-acquired and aspiration pneumonia, inability to clear secretions and poor 

ventilator reserve leading to hypoxia or ventilatory failure. Cardiovascular instability 

(includes that secondary to dysrythmias) and heart failure, contributed to 23.2% (n=42) 

of the recidivism patients. For the purpose of this study, cardiac dysrhythmias include 

new-onset AF, supraventricular tachycardia and ventricular tachycardia/fibrillation. The 

breakout of rest of the causes is shown in Table 2. 
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Table 2 

 Principal causes of re-admission to the ICU for organ support 

Complications Events (%) 

Respiratory (requiring re-intubation and ventilation) 100 54.9 

Cardiovascular instability (including that secondary to dysrhythmias) and 

heart failure 

42 23.1 

Re-exploration for cardiac tamponade/bleeding 14 7.7 

Acute renal failure (ARF) requiring hemofiltration 12 6.6 

GI complications requiring laparotomy 11 6.0 

Sepsis 2 1.1 

Neurological injury 1 0.5 

 

  

6.1.3. Length of ICU and hospital stay. The mean length of stay in the ICU following 

recidivism for organ dysfunction was 6.65±6.2 days (range 4 hours-51 days), whilst the 

mean length of hospital stay following recidivism was 19.2±17.3 days (range 10–60 

days). The mean length of hospital stay of patients who did not require recidivism was 

8.2±7.3 days (range 4–122 days; p<0.05).  

 

6.1.4. Thirty-day hospital mortality. The hospital mortality in patients requiring ICU 

recidivism for organ support was significantly higher compared to those patients who 

did not require such care, 32.4% (n=59/182) versus 2.05% (n=155/7535; p<0.05). 

 

6.1.5. Predictors of recidivism 

Multiple regression analysis showed that previous history of MI (p=0.01) was the only 

independent pre-operative risk factor for recidivism. During the primary post-operative 

ICU stay (i) respiratory problems (p=0.00001), (ii) low cardiac output state requiring 

post-operative IABP (p=0.00001), (iii) cardiac dysrhythmias (p=0.003), (iv) ARF 

requiring haemofiltration (p=0.003) and (v) re-exploration for bleeding (p=0.02) were 
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independent predictors of recidivism (table 1). Also, combined CABG+valve surgery 

emerged as an independent predictor of ICU  recidivism (p=0.01). 

 

 

6.2.The effects of elective insertion of IABP 

             This retrospective study is based on the pre and post-operative variables entered 

into the PATS computer database prospectively. The pre-operative risk factors 

including remote organ dysfunction were similar between the two groups (Table 3). The 

mean age in group I was 64±9.4 years compared to 63±12.2 years in group II [p=not 

significant (NS)].  Group I consisted of 11 patients (55%) and group II 15 patients 

(60%, p=NS) with CCS class III/IV. There were 8 patients in each group with 

significant LMS disease. Poor LVEF was present in 18 patients (90%) in Group I and 

17 patients (68%) in Group II (p=NS). The pre-operative creatinine was 113.2±24.3 

μmol/L in group I and 113.1±20.3 μmol/L in group II. There were no significant 

differences in the number of patients with diabetes, cerebrovascular events, Q wave 

infarction and peripheral vascular disease between the two groups (p=NS). The mean 

Euroscore was 5.9±1.8 in group I and 5.7±2.0 in group II (p=NS). 

 

In the post-operative period, there were no significant differences between the two 

groups regarding the need for inotropic cardiac support with 9 patients requiring small 

doses of adrenaline in group I as compared to 11 patients in group II (p=NS) with a 

mean of 0.02 mcg/kg/min in both groups (table 4). Although the number of hours 

ventilated in the ICU was higher in group I (15.6±3.2 hours) versus group II (12.9±4.9 

hours), this was not statistically significant. Patients in group I (with IABP) stayed 

longer on the ICU (27.7±15.3 hours) in comparison to group II (18.5±9.1 hours; 

p<0.05). There was a tendency towards earlier discharge in group I (6.5±2.0 days) 

compared to group II (7.2±4.2 days). Recidivism occurred in one patient in group I who 

required readmission to ICU for five days. New-onset AF occurred in 7 patients (35%) 

in group I and 9 patients in group II (36%; p=NS). None of the patients in group I had 

acute renal dysfunction (creatinine rise >200µmol/L). By contrast, 5 patients in group II 

had acute renal dysfunction and oliguria and 3 patients required hemofiltration (p<0.05). 

One patient returned to theatre for re-exploration for bleeding in group II. There were 
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no other significant post-operative pulmonary, neurological, infective or GI 

complications. The IABP in group I was removed after a mean period of 1.6±0.8 days. 

There were no IABP-related complications. Four patients (16%) in group II required 

post-operative insertion of IABP in ICU. At 30-days, one patient died in each group. 

 

 

 

Table 3 

Comparison of pre-operative characteristics between   

group I and group II in study 2 

            

                                                                                                         

 

 

Pre-op Patient Characteristics Group I  Group II  p value 

Age  64±9.4  yrs  63±12.2 yrs  p=NS  

Male Sex 16 (80%) 21 (84%) p=NS  

CCS class III/IV 11 (55%) 15 (60%) p=NS 

Previous MI  15 (75%) 19 (76%) p=NS  

Diabetes  4 (20%) 3 (12%) p=NS  

Pre-op creatinine (μmol/L) mean 

120-170                                                          

>170             

113.2±24.4 

4 (20%)        

0 (0%) 

113.1±20.3 

5 (20%)  

0 (0%) 

p=NS  

p=NS 

p=NS 

Poor LV 18 (90%) 17 (68%) p=NS 

LMS disease  8 (40%) 8 (32%) p=NS  

Peripheral vascular disease  2 (10%) 2 (8%) p=NS  

Previous stroke  0 (0%) 3 (12%) p=NS  

Euroscore  5.9±1.8   5.7±2.0 p=NS  
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Table 4 

Comparison of post-operative characteristics between 

group I and group II in study 2 

               Patient Characteristics Group I  Group II   p value  

Post-operative need for inotropes 

(<5mcg/kg/min) 

9 (45%) 11  (44%)  p=NS  

Hours ventilated (mean) 15.6±3.2 hrs  12.9±4.9 hrs  p=NS  

ICU stay (mean) 27.7±15.3 hrs  18.5±9.1 hrs  P<0.05 

Hospital stay (median)  6.5±2.0 days  7.2±4.2 days  p=NS  

Readmission to ICU  1 (5%)   0  (0%) p=NS  

IABP-related complications  0  (0%) N/A  N/A  

IABP period (mean)  1.6±0.8 days N/A N/A 

New-onset AF  7 (35%)  9 (36%)  p=NS 

Post-op creatinine >170µmol/L  1 (5%) 5 (20%) P<0.05 

Haemofiltration  0 (0%)  5 (20%) P<0.05 

Return to theatre  0 (0%)  1 (4%)  p=NS 

Post-op IABP insertion  N/A  4 (16%) 

1 death 

2 hemofilter  

N/A 

Infection  1 (5%)  0 (0%)  p=NS 

Stroke  0 (0%) 0 (0%)  p=NS 

GI complication  0 (0%)  0 (0%)  p=NS 

30-day mortality  1 (5%)  1 (4%)  p=NS 
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6.3.OPCAB with coronary endarterectomy - remote organ 

outcomes 

The pre-operative characteristics of the study patients are given in table 5 below. 

 

Table 5 

Preoperative Characteristics of Study 3 Patients 

Patient Characteristics  

Age, years 63.6 ± 9.3 

Male sex 56 (80%) 

CCS class III/IV 33 (55%) 

NYHA class III/IV 24 (40%) 

Previous MI 37 (53%) 

Diabetes mellitus 8 (11.4%) 

Hypertension 13 (18.6%) 

Hypercholestremia 31 (44.3%) 

Atrial fibrillation 1 (1.4%) 

Preoperative creatinine (μmol/L), mean 115 ± 36 

120–200 27 (38.6%) 

>200 1 (1.4%) 

Impaired LV (EF < 50%) 18 (25.7%) 

Poor LV (<30%) 3 (4.3%) 

LMS disease 5 (7.1%) 

Operative priority  

Elective 53 (75.7%) 

Urgent 16 (22.8%) 
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Fifty-seven patients (81%) underwent RCA endarterectomy (conduit used: 4 RAs, 1 

short SV, 52 long SVs), 12 patients (17%) underwent LAD endarterectomy (conduit 

used; 8 LIMAs, 4 lomg SVs) and 1 patient underwent obtuse marginal endarterectomy 

(conduit used: 1 long SV). Four patients (5.7%) had two vessels endarterectomised 

whereas the rest had single-vessel endarterectomy. The mean number of grafts was 

2.01±0.44. No patient required pulmonary ventilation for more than 24 hours, and there 

were no conversions to CPB. A mean of 0.86±0.17 units of blood was transfused 

postoperatively and 70% of the patients required 1 unit or less. The 30-day mortality 

rate was 2.8%, and there were 9 late deaths. The follow-up was 95.7% complete (67 

patients); 90% of patients were angina free at median follow-up of 4.6 years, and the 

actuarial survival at 10 years was 78.04%±7.6% (figure 3). The rest of the postoperative 

characteristics are listed in table 6. In our conventional CABG practice, 10.8% patients 

(n=125 of 1153) underwent CE. RCA endarterectomy was performed in 65%, LAD 

endarterectomy in 28%, and RCA plus LAD endarterectomy in 6.4%patients.  

 

 

 

Emergency 1 (1.4%) 

Number of vessels diseased  

One 12 (17.1%) 

Two 30 (42.8%) 

Three 28 (40%) 

Previous stroke 8 (11.4%) 

EuroSCORE 5.9 ± 1.8 
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Figure 3 

 Actuarial survival curve for study 3 (for 67 patients) showing freedom 

from death at 5 and 9.4 years of follow-up. The x axis shows time in years 

and the y axis shows the fraction of patients alive 
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Table 6 

 Postoperative characteristics of study 3 patients 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Patient Characteristics Group 1 

Hours ventilated (mean) 10.4 ± 4.9 

ICU stay (mean), hours 17.6 ± 8.1 

Hospital stay (median), days 6.1 ± 2.0 

Readmission to ICU 1 (1.4%) 

New-onset AF 14 (20%) 

Postoperative creatinine >170 μmol/L 4 (5.7%) 

Haemofiltration 1 (1.4%) 

Return to theatre 1 (1.4%) 

Postoperative MI 3 (4.3%) 

Postoperative IABP insertion 3 (4.3%) 

Stroke 1 (1.4%) 

Blood requirement, units 0.86 ± 0.17 

30-Day mortality 2 (2.8%) 
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6.4. Redo-CABG on the beating vs. arrested heart 

The pre-operative characteristics of the study patients are given below in table 7. 

 

Table 7  

Comparison of preoperative characteristics between 

 redo-OPCAB and redo-ONCAB 

 

Preoperative patient characteristics ONCAB OPCAB p 

value 

Age 64.7 ± 7.7 

years 

65.7 ± 6.9 

years 

0.3 

Male 38 (88.3%) 41 (95.3%) 1 

CCS class III/IV 29 (64.4%) 27 (62.8%) 1 

NYHA III/IV 18 (41.9%) 12 (27.9%) 0.2 

Previous MI 23 (53.5%) 21 (48.8%) 1 

Diabetes 14 (32.5%) 10 (23.2%) 1 

Hypertension 34 (79%) 27 (62.8%) 0.2 

Hypercholesterolaemia 36 (83.7%) 39 (90.7%) 1 

Renal dysfunction 1 (2.3%) 1 (2.3%) 1 

COPD 5 (11.6%) 4 (9.3%) 1 

Poor LV (ejection fraction < 30%) 14 (32.5%) 19 (44.1%) 0.2 

LMS disease 11 (25.6%) 10 (23.2%) 1 

Peripheral vascular disease 4 (9.3%) 4 (9.3%) 1 

Urgent 9 (20.9%) 11 (25.6%) 1 

No. of coronary arteries with stenosis 

>50% 

3 ± 0.5 2 ± 0.8 0.01 
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Preoperative patient characteristics ONCAB OPCAB p 

value 

IV nitrates 5 (11.6%) 2 (4.6%) 0.2 

IV inotropes/IABP 1 (2.3%) 1 (2.3%) 1 

EuroScore 5 ± 3.4 5 ± 4.7 0.5 

 

 

Twelve patients underwent redo-OPCAB through anterior thoracotomy (1 double and 

11 single grafts): 8 LAD artery grafts (1 pedicled LIMA, 5 RAs and 2 long SVs) 3 

circumflex artery grafts (3 long SVs) and 2 diagonal artery grafts (2 long SVs). The five 

RAs were anastomosed proximally to the subclavian artery and long SVs to the 

descending aorta. The remaining patients underwent median sternotomy. In one patient 

OPCAB was converted to ONCAB because of haemodynamic instability. The mean 

number of grafts performed was 3±0.8 in redo-ONCAB and 2±0.6 in redo-OPCAB 

(p<0.05). The need for postoperative insertion of an IABP was higher (p=0.02) in redo-

ONCAB (n=9, 21%) than redo-OPCAB (n=1, 2%). The IABP was inserted for 

haemodynamic instability in all patients. However, there was no significant difference 

in inotrope use in the two groups (0.02±0.05 mcg/kg min in redo-ONCAB vs 

0.01±0.002 mcg/kg min in redo-OPCAB; p=NS). The duration of postoperative lung 

ventilation was 55±98.7 h for redo-ONCAB and 10±12.8 h for redo-OPCAB ( 

p=0.008). One patient in the redo-ONCAB group sustained a clinically significant 

perioperative MI (as determined by new Q waves and a rise in troponin I). No other 

differences were found in the incidence of postoperative AF, re-operation for bleeding, 

ARF, neurological injury, readmission to the ICU, wound infection and the length of 

hospital stay (p=NS) between the two groups (table 8). The 30-day mortality rate was 

6.9% for redo-ONCAB (n=3) and 2.3% redo-OPCAB (n=1; p=NS) with an overall 

mortality of 4.6%. The mean follow-up for redo-ONCAB was 30±21.3 months (range 

0.1-63 months) and that of redo-OPCAB was 37±19.2 months (0.1-62.5 months). 

Actuarial survival at 5 years was 87±5.5% for redo-ONCAB and 95±3.2% for redo-

OPCAB (p=0.17). Event-free survival (death, MI and repeat intervention) was 71±8.0% 

for redo-ONCAB and 78±7.2% for redo-OPCAB     (p=0.32) (figures 4 and 5). 
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Table 8 

 Comparison of postoperative characteristics between                                              

redo-OPCAB and redo-ONCAB in study 4 

 

 

 

 

 

 

 

 

 

 

 

Postoperative patient characteristics OPCAB ONCAB p value 

Hours ventilated (mean) 10 ± 12.8 h 55 ± 98.7 h 0.008 

Hospital stay (mean) 9.9 ± 11 days 11.7 ± 10.3 days 0.2 

Readmission to ICU 2 (4.6%) 1 (2.3%) 1 

IABP 1 (2.3%) 9 (21%) 0.02 

Perioperative MI 0 (0%) 1 (2.3%) 1 

New-onset AF 6 (14%) 12 (27.9%) 0.1 

ARF 4 (9.3%) 4 (9.3%) 1 

Haemofiltration 0 (0%) 2 (4.6%) 1 

Return to theatre 2 (4.6%) 4 (9.3%) 1 

Sternal wound Infection 1 (2.3%) 2 (4.6%) 1 

Stroke 1 (2.3%) 2 (4.6%) 1 

30-day mortality 1 (2.3%) 3 (6.9%) 0.2 
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Figure 4 

 Actuarial survival curves in study 4 showing freedom from death at 5 

years follow-up after redo-OPCAB & redo-ONCAB. Early mortality is 

excluded. The x-axis shows time in years and y-axis shows the fraction of 

patients alive. Redo-OPCAB is represented by the black line and redo-

ONCAB by the grey line 
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Figure 5 

 Actuarial survival curves in study 4 showing freedom from death, MI and 

repeat intervention at 5-year follow-up after redo-OPCAB and redo-

ONCAB. Early mortality is excluded. The x-axis shows time in years and 

the y-axis shows the fraction of patients event-free. Redo-OPCAB is 

represented by the black line and redo-ONCAB by the grey line 
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6.5.Gastro-intestinal complications after cardiac surgery 

                 Sixty-five major GI complications were identified in 65 patients (table 9); the 

incidence of GI complications was 2.8%. Tables 10 and 11 show the pre- and post-

operative characteristics of patients with and without GI complications, which were 

compared by univariate analysis. The hospital mortality from any cause in patients who 

suffered GI complications was significantly higher than in those without GI 

complications. Mortality was highest in patients with mesenteric ischaemia (10/12; 

83.3%). The results of multivariate stepwise logistic regression analyses are 

summarised in table 12. Multivariate analysis identified female sex, preoperative serum 

creatinine >200 µmol/L, previous history of GI pathology, perioperative low cardiac 

output, readmission to ICU, postoperative pulmonary complications, arrhythmias, 

postoperative need for haemofiltration and reoperation for bleeding or tamponade as 

independent predictors of GI complications. Pulmonary complications included 

hospital-acquired and aspiration pneumonias, inability to clear secretions, and poor 

ventilatory reserve leading to hypoxia or ventilatory failure. For the purpose of this 

study, cardiac dysrhythmias included new-onset AF, supraventricular tachycardia and 

ventricular tachycardia or fibrillation. Use of CPB was not significant. Univariate risk 

analysis for prediction of death after GI complications was also performed. On 

multivariate analysis, independent risk factors for death were readmission to the ICU, 

the need for haemofiltration, reoperation, and ischaemic bowel (table 13). The main 

cause of readmission to the ICU was cardio-pulmonary compromise.  
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Table 9 

 GI complications after first-time CABG  

in 65 patients: Study 5 

 

 

 

 

Complication No. of Patients 

 

Paralytic ileus 15 (23.0%) 

Mesenteric ischemia 12 (18.5%) 

Upper gastrointestinal bleeding 16 (24.6%) 

Lower gastrointestinal bleeding 8 (12.3%) 

Small bowel obstruction 5 (7.7%) 

Pseudoobstruction 5 (7.7%) 

Acute pancreatitis 1 (1.5%) 

Massive hepatic necrosis 1 (1.5%) 

Exacerbation of ulcerative colitis 1 (1.5%) 

Acute cholecystitis 1 (1.5%) 
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Table 10 

 Preoperative characteristics of study 5 patients with and without 

GI complications 

 

Variable GI Complication No GI Complication Univariate p 

 

Age (years) 69.4 ± 7.8 64.5 ± 9.5 0.01 

Male sex 50 (64%) 1,549 (80.5%) <0.001 

Emergency 4 (5%) 42 (2.2%) 0.1 

CCS class 3/4 41 (52.5%) 880 (45.7%) 1 

NYHA class III/IV 32 (41%) 503 (26.1%) 0.01 

Previous MI 29 (37.1%) 498 (25.9%) 0.1 

Diabetes mellitus 26 (33.3%) 374 (19.4%) 0.01 

Respiratory problems 9 (11.5%) 139 (7.2%) 0.2 

Previous GI problems 26 (33.3%) 293 (15.2%) 0.001 

Renal dysfunction 4 (5.1%) 15 (0.8%) 0.001 

Low cardiac output 45 (57.7%) 326 (16.9%) 0.001 

Impaired LV function 26 (33.3%) 392 (20.4%) 0.05 

Peripheral vascular disease 8 (10.3%) 26 (1.4%) 0.001 

Previous stroke 14 (17.9%) 126 (6.5%) 0.001 

EuroSCORE 6 11 (33.3%) 123 (14.6%) 0.01 

BMI 30 kg·m
–2

 26 (33.3%) 509 (26.5%) 0.2 
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Table 11 

 Postoperative characteristics of of study 5 patients with and without   GI 

complications 

 

 

  

Variable 

GI 

Complication 

No GI 

Complication 

Univariate 

 

 

3 bypass grafts 54 (69.2%) 1167 (60.6%) 0.2 

Cardiopulmonary bypass 29 (37.1%) 456 (23.7%) 0.01 

Low cardiac output 45 (57.7%) 317 (16.5%) 0.001 

Ventilation time (days) 6.1 ± 8.4 1.16 ± 5.3 <0.001 

Mean ICU stay (days) 14.7 ± 22.8 2.1 ± 6.8 days <0.001 

Mean hospital stay (days) 26 ± 26.5 10.0 ± 12 days <0.001 

ICU readmission 12 (15.4%) 68 (3.5%) 0.001 

Pulmonary complications 42 (53.8%) 84 (4.3%) 0.001 

New onset of arrhythmias 32 (41%) 491 (25.5%) 0.01 

Hemofiltration 25 (32%) 56 (2.9%) 0.001 

Reoperation for 

bleeding/tamponade 

13 (16.66%) 111 (5.8%) 0.001 

30-day mortality 14 (17.9%) 34 (1.7%) 0.001 
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Table 12 

 Multivariate analysis of predictors of GI complications in study 5 

 

 

 

 

 

Variable Multivariate  

 

Female sex 0.001 

Perioperative low cardiac output <0.0001 

Preoperative history of GI pathology 0.003 

Preoperative creatinine>200 µmol·L
–1

 <0.0001 

Reoperation for bleeding/tamponade <0.0001 

Postoperative arrhythmias <0.0001 

Pulmonary complications <0.0001 

Hemofiltration <0.001 

Readmission to ICU <0.0001 
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Table 13 

 Variables affecting mortality in patients with GI complications in study 5 

 

 

 

Variable Died Survived Univariate p Multivariate p 

 

Emergency operation 1 (8.33%) 0 (0%) <0.05 >0.05 

Diabetes mellitus 07 (58.3%) 13 (24.5%) 0.02 >0.05 

Mean ventilation time (days) 6.1 ± 8.4 1.16 ± 5.3 <0.001 >0.05 

Readmission to ICU 6 (50%) 7 (13.2%) 0.001 <0.0005 

Hemofiltration 9 (75%) 12 (22.6%) 0.001 <0.0005 

Reoperation for bleeding/tamponade 7 (58.3%) 10 (18.9%) 0.01 <0.001 

Ischemic bowel 10 (83.3%) 2 (3.9%) <0.001 <0.0005 
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7. Discussion 

 

7.1. Remote organ failure is the cause and effect of recidivism                 

following cardiac surgery 

                The ICU recidivism rate of 2.3% in this study is well within the previously 

described rates of 6% (range 5–14%) for general medical and surgical ICUs [43-47] and 

5.5% following cardiac surgery [48]. Whilst a high ICU recidivism rate for organ 

support may be due to a low threshold for institution of step-up care, ICU recidivism is 

generally perceived to reflect either inadequate quality of care of patients or premature 

discharge of patients out of the ICU [49]. Nevertheless, there is no evidence to suggest 

that ICU recidivism is reduced by longer primary ICU stay or that ICU recidivism 

increases in the presence of severe shortage of ICU beds when patients may be 

transferred out of the ICU prematurely [50]. The results of our multifactorial analysis 

concurs with the current notion that longer primary length of ICU stay is not related to 

the risk of recidivism. The age of patients has shown to influence the readmission rates 

to general ICUs [43, 51]. However, our study in a cardiac ICU setting coincides with 

the experience described by Cohn and colleagues [48] that age does not significantly 

influence cardiac ICU recidivism. Whilst pulmonary complications (hospital-acquired 

pneumonia, aspiration pneumonia, inability to clear secretions and poor ventilatory 

reserve resulting in hypoxia and respiratory failure) accounted for the majority of 

readmissions to the ICU, cardiovascular instability and heart failure were also a 

common cause for ICU recidivism. Cardiovascular instability (including that secondary 

to dysrhythmias) and heart failure are considered as one group (cardiac) of causes of 

recidivism for the purpose of this study to differentiate from pulmonary causes. 

Although treatment may be different within the group, this was done to avoid the 

distribution of incorrect data as it may be extremely difficult to classify primary cardiac 

dysfunction, arrythmogenic dysfunction and heart failure (in the setting of ICU 

readmission) separately in a retrospective study like this. Although inspiratory capacity 

measurements has been shown to be a sensitive indicator for readmission to ICU 

following liver transplant and an abnormal chest X-ray before their initial ICU 

discharge have been shown to be associated with recidivism [52], ours is the only study 
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to describe independent predictors of ICU readmission following cardiac surgery. 

Indeed, multiple regression analysis suggested that following surgery, patients requiring 

mechanical support to maintain vital organ functions, for example, ventilation for >24 h, 

postoperative IABP for low cardiac output state and haemofiltration for ARF were most 

likely to require readmission to the ICU following their primary discharge. Also, patient 

characteristics of a previous history of MI, postoperative dysrythmias during primary 

ICU stay and re-exploration for bleeding were independent predictors of recidivism. 

The finding that combined CABG+valve surgery is an independent predictor of ICU 

recidivism is not surprising as these patients are generally higher risk for distant organ 

failure and mortality. Many of these patients possess poor LVEF and are in heart failure 

with pulmonary congestion pre-operatively. Such patients may require closer 

observation and deserve a lower threshold for initiation of more intense nursing and 

respiratory, cardiac and renal pharmacologic support on the high dependency unit 

(HDU) and the ward than other patients. Pre-operatively, identification and selection for 

surgery of patients with poor/borderline pulmonary reserve is crucial. These patients 

should be assessed very carefully by an anaesthetist and more sophisticated pulmonary 

function tests may be required. Generally, patients were considered suitable for surgery 

if the FEV1  was ≥40% predicted. If in doubt, then if O2  saturation on air was ≥93% or 

on arterial blood gas analysis the PaO2  was ≥8.0 kPa, then the patients were considered 

suitable for surgery.They should be encouraged to reduce weight and join a smoking 

cessation programme. They may be admitted 3-4 days before surgery for optimization 

of lung function with the use of nebulisers and chest physiotherapy. Intra-operatively, 

reduced CPB time, avoidance of lung handling and fluid overload should be the goal. 

Post-operatively, effective analgesia, early extubation followed by routine nebulisers 

and aggressive chest physiotherapy is imperative in these patients. In our centre, there 

are established protocols for mechanical ventilation and weaning (like in all other UK 

institutions) which should be followed routinely. 

           In the present study, a majority of patients were readmitted to the ICU within the 

first week after discharge from ICU. Thus, in this time interval any cardiac and remote 

organ deterioration of patients in the HDU or ward, especially in those patients who 

have initially required mechanical support to maintain breathing and circulation, should 

be managed promptly. Effective analgesia and intense respiratory physiotherapy for 
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patients with pulmonary complications have been associated with decreased morbidity 

and hospital mortality [53] and may help considerably to avoid subsequent ICU 

recidivism and multi-organ failure. Since ICU recidivism is associated with a high 

mortality and longer length of stay in the hospital, as suggested by our study and 

previous reports [43,44,54] it is encouraging to note no deterioration in yearly rate of 

ICU readmission which is well within the published incidence reported in the literature. 

However, while it is important to avoid recidivism, it is equally important to ensure that 

recidivism is not delayed for too long before irreversible multiple organ damage occurs. 

Likewise, once recidivism occurs, every effort should be made to avoid the associated 

high mortality. It is important to learn from this large series and one may need to rethink 

clinical strategies as discussed above to offer cardiac surgery of the highest quality. 

Further investigation into the influence of factors such as the patients‘ physiologic 

reserve, mode of admission, availability of ICU beds, the quality of care in the post-

surgical cardiac wards and their influence on ICU recidivism for organ support is 

required. Whilst the use of standard protocols [55,56] and scores [2] for the discharge of 

patients out of the ICU may influence ICU recidivism, the effectiveness of these 

following cardiac surgery remains to be established. One should bear in mind that since 

this study was conducted, there may have been considerable improvement in 

perioperative intensive care including increasing use of IABP  and OPCAB surgery and 

these advances may affect the conclusions of the study. Nevertheless, recidivism and 

remote organ dysfunction go hand in hand and the need of the hour is to conduct further 

studies to determine how pulmonary, cardiac, cerebral, renal and GI complications be 

prevented in this era where CABG is being performed in sicker and older patients. 

 

 

7.2. Use of IABP to prevents ARF following high-risk beating heart CABG 

             The aim of this study was to identify whether elective pre-operative insertion of 

IABP in high-risk OPCAB patients has an effect on remote organ dysfunction. As seen 

in table 1, both groups were well-matched and were high-risk patients for cardiac 

surgery.  
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              OPCAB surgery for multi-vessel myocardial revascularization in high-risk 

patients has been shown to reduce the incidence of peri-operative failure of various 

organ systems as well as mortality [57,58,59]. The low incidence of readmission to 

ICU, return to theatre for bleeding/tamponade, infection, GI complications and stroke in 

these high-risk patients in our  OPCAB series compares favourably with published 

literature [57,58,60,61]. OPCAB surgery has been shown to allow earlier discharge [62] 

in high-risk patients. Although we were not able to show any difference in the total 

hospital stay between the two high-risk groups our hospital stay at 6.5 days in the IABP 

group is significantly shorter than reported in the literature (11.4 days) [62].  

                 

                Displacement of the heart during exposure of the posterior vessels in OPCAB 

surgery may impair stroke volume and cardiac output [5-7] which may be deleterious in 

patients with poor LVEF, LMS stenosis and unstable angina. This may translate into 

failure of one or multiple organ systems due to episodes of low flow. Pre-operative 

insertion of IABP in high-risk patients has shown to improve cardiac performance and 

myocardial perfusion in patients undergoing ONCAB [63]. Our results show that the 

use of inotropes was not different between high-risk OPCAB patients with pre-operative 

elective IABP and those with no pre-operative elective IABP. This may be a reflection 

of the already small dose of inotropes (table 6) used in our patients after high-risk 

OPCAB surgery. Preoperative IABP therapy for high-risk OPCAB patients has shown 

to be very effective in preventing haemodynamic instability and providing surgical 

results comparable with those in lower-risk patients [62]. However, in this study [62] 

high-risk patients receiving pre-operative IABP counterpulsation were compared with 

moderate and lower-risk patients. Craver et al [64], in a case series, have shown 

improved haemodynamic stability and minimal need for inotropic support during  

dislocations of the heart. It has been reported that the rates of AF in high-risk patients 

after OPCAB are similar to those after conventional CABG [61]. Riha et al [60] have 

shown that the incidence of AF after OPCAB is higher in the high risk group than the 

lower risk groups (43% versus 22%; p<0.05). It is interesting to note that the incidence 

of AF in high-risk OPCAB patients in our study concurs with that reported [60] and that 

the use of IABP did not diminish the occurrence of new-onset AF.  
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                  There is suggestion in the literature that open insertion of IABP leads to a 

reduction in IABP-related complications than the percutaneous method [65]. Our results 

show that there were no IABP-related complications in twenty patients (two with 

peripheral vascular disease) all of whom had the IABP inserted by the open technique 

certainly agree with this notion. Because removal of IABP is carried out under 

controlled conditions, there is no need to stop heparin for this procedure which confers 

additional benefit to the patient. Since open removal is performed under direct vision, 

bleeding can be easily controlled eliminating the risk of haematoma. Although the ICU 

stay is longer in Group I (mean of 27 hours), it is still comparable and in some cases 

even shorter than other published series [60,61]. Christenson et al [66], in a randomized 

controlled trial have demonstrated that elective insertion of IABP in OPCAB shortens 

both ICU and hospital stay. However, similar to our results, Kim et al [67] did not show 

significant differences in extubation time and total hospital stay. It is interesting to note 

that the need for post-operative IABP in four patients (16%) in group II is similar to that 

published in the literature [60]. One patient died and two patients required 

haemofiltration postoperatively. This supports the findings of Gutfinger et al [68] and 

Christenson et al [69] that pre-operative insertion of IABP has been reported to be 

associated with lower rate of clinical events than intra-operative or post-operative 

insertion.  

 

                  In the context of conventional CABG in high-risk patients, it has been 

convincingly shown that preoperative use of IABP improves outcome [63,70]. Evidence 

is less compelling with high-risk OPCAB surgery which has been shown to carry a 

higher mortality [60], but some studies [68,69] have suggested that mortality is reduced 

with the use of pre-operative IABP in these patients. A larger number of patients would 

be required in each group to ascertain any effect on mortality as there was only one 

death  (4% mortality) in a high-risk group of patients where elective IABP was not 

inserted. OPCAB surgery in high-risk patients is associated with higher rates of ARF 

than low-risk patients [60]. In our study, five patients in Group II who had a pre-

operative serum creatinine of <120μmol/L developed a maximum post-operative serum 

creatinine of 120-170μmol/L whereas another five patients in the same group who had a 

pre-operative serum creatinine of 120-170μmol/L developed a maximum post-operative 
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serum creatinine of >170μmol/L. Five patients (20%) in group II and none in group I 

(p<0.05) developed acute renal dysfunction (oliguria and rising creatinine >200μmol/L). 

This is the first report which demonstrates that pre-operative elective IABP 

counterpulsation in high-risk OPCAB surgery leads to a significant reduction in the 

incidence of acute renal dysfunction and the need for haemofiltration.The mean 

maximum serum creatinine reached post-operatively in the five group II patients with 

ARF was 258.4±42.5μmol/L as compared to 139.2±26.5 μmol/L pre-operatively 

(p<0.05). The mechanism by which the use of pre-operative elective IABP 

counterpulsation in high-risk OPCAB patients leads to a beneficial effect on renal 

function cannot be explained from our study and further research is needed to explain 

these findings. However, it has been proposed that the use of IABP may lead to 

minimization of low-flow episodes with avoidance of subsequent remote end organ 

dysfunction, a phenomenon more likely to occur with high-risk OPCAB patients [68].  

Also to the positive effect IABP on myocardial perfusion and cardiac function may play 

a role. 

 

                 A better understanding of the beneficial effects of IABP, advances in the 

design and technical function of these devices has led to a greater tendency to use IABP 

electively in high-risk OPCAB patients where prolonged operation, coronary 

endarterectomy or   deterioration during cardiac dislocation and vessel stabilization is 

anticipated. Although data on the use of elective IABP in high-risk OPCAB patients 

from other well-conducted observational studies and randomised controlled trials is still 

awaited, I would advocate its use in these patients. In this study, the 2 groups are very 

well-matched, but I accept that the intra- and early postoperative management strategies 

may have changed during the relatively long study period, like the use of intracoronary 

shunts from 2002 onwards and advances in the hemodynamic monitoring practice. One 

thing to note is that the use of IABP did not lead to any adverse organ outcome in our 

study which is reassuring and further supports the application of IABP in such cases. 
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7.3. Beating heart coronary endarterectomy is feasible with acceptable 

remote organ outcomes 

                   This study proves the safety and efficacy of OPCAB CE and has shown that 

this procedure is not only associated with minimal cardiac morbidity but also in terms 

of  cerebral, renal, pulmonary and GI outcomes. There are few series reporting 

adjunctive CE during OPCAB procedures. Tamim et al [71] reported two cases with 

severe aortic calcification whereas Eryilmaz et al [72] reported 11 cases in patients with 

poor LVEF. Careaga et al [73] and Naseri et al [74] reported 8 and 44 cases, 

respectively. OPCAB for multivessel myocardial revascularization in high-risk patients 

has been shown to reduce the incidence of perioperative remote organ failure [75-77] 

and the period of hospitalization [78]. The low incidence of readmission to the ICU, 

return to theatre for bleeding or tamponade, haemofiltration, infection, and stroke in 

these high-risk patients in our OPCAB series with concomitant CE compares favorably 

with the published OPCAB literature [75,76,79,80]. Naseri et al [74] also showed that 

the intubation time, ICU stay and the length of hospital stay after OPCAB with CE was 

less than conventional coronary endarterectomy (CCE). Furthermore, although the 

duration of ventilation was similar in our study and that of Eryilmaz and associates [72], 

the duration of hospitalisation was higher in the latter series (17.4 versus 6.1 days). One 

patient in our study had transient stroke with complete recovery, which concurs with 

other studies [74], which reported no neurologic deficit. Incomplete revascularisation 

has been shown to be one of the most important factors that affects perioperative remote 

organ function, ventricular function, re-operation rate, and early and late mortality [27, 

81]. Proper revascularisation of the LAD is considered as a vital determinant of the 

patient‘s prognosis [27, 81). However, LAD endarterectomy is considered to be higher 

risk than other territories [18], and therefore may be avoided by some surgeons. 

Although, in our series of OPCAB with CE, the commonest site of CE was the RCA 

(81%), LAD endarterectomy was required to be performed in 17% of these patients. 

Interestingly, LAD endarterectomy was performed in only 1.8% of the whole OPCAB 

series. If the disease was subclinical, extensive or the  vessel small, the vessel was not 

grafted. This rule was applied to all coronary territories. Significant disease was not 

ignored in any vessels. Indeed, one can imagine that the endarterectomised vessel was 

the predominant source of the patient‘s symptoms. Previously, the internal mammary 
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artery (IMA) has been used cautiously as a conduit to an endarterectomised vessel 

because of concerns regarding mismatch of luminal diameter [21]. With CCE, however, 

several authors have now reported satisfactory early and late clinical outcomes and 

luminal patency of IMA to an endarterectomised vessel compared with long SV [22, 

82,83]. It has been argued [84] that the use of the IMA for reconstruction of the LAD 

leads to reduced perioperative MI, improved early patency and improved 5-year 

survival. We have therefore utilized the LIMA to LAD in 66% of our cases. The 

endarterectomy technique of choice is still a matter of controversy [21,22, 39,40, 

82,83,85]. We generally use the ―traction technique‖ to perform endarterectomy. This 

technique is simpler, performed through a small incision, and easier to reconstruct 

[39,40]. The potential risks include incomplete removal of the plaque and the ―snow-

plow effect,‖ namely, shearing-off of the plaque in the side branches. These 

complications are less common in larger size vessels such as the RCA. On the other 

hand, the RCA is also the commonest coronary artery which is blocked and this 

contributes to the higher incidence of CE in this vessel. However, I believe the most 

important factor in this respect is the experience of the surgeon. With the ―open 

technique.‖ the vision is better, and that may lead to more complete removal of the 

atheroma from the coronary vessel and its side branches [39,40]. The procedure is 

lengthy, however, and reconstruction of the anastomosis frequently requires a patch 

repair. The traction technique was therefore preferred in most cases, with careful 

inspection of the atheroma after removal. Extending the arteriotomy was only 

performed if it was thought that there was a residual plaque in the distal vessel, and that 

was limited to retrieving the distal core. Myocardial contraction in the region of the 

LAD artery is more vigorous than the RCA territory. That helps in the extraction of the 

distal atheromatous core by simple traction and makes it easier as compared with 

removal in the RCA. The myocardium in the region of the RCA is thinner, and gentle 

stroking withpeanut swab dissection externally on the epicardium in the direction 

opposite to traction and the use of a fine dissector (which may also be used in LAD) 

internal to the adventitia aids in removal of the atheroma. MI secondary to acute graft 

closure is a major complication after CCE with a reported incidence of 1.5% to19% 

[18,19,21,22,86-88] and is higher when CE is not performed. The incidence of MI in 

our patients who underwent OPCAB without CE is 0.8% (5 of 610); 4.3% (3 of 70) of 
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our OPCAB with CE patients had MI postoperatively. However, proper biochemical 

analyses for infarct would probably show a higher incidence, especially around day 3 or 

4 [89]. Naseri and associates [74] reported a higher postoperative MI rate of 6.8% after 

OPCAB with CE in totally occluded or greater than 50% stenosis. Djalilian et al [22] 

reported an increased MI rate in endarterectomised vessels performed under CPB that 

were not completely occluded [22]. The rate of recurrent angina of 10% that we 

observed is comparable to that reported by other authors after CCE. Gill et al [83] 

observed recurrent angina in 15% of their patients at a mean follow-up of 36 months, 

whereas Djalilian and associates [22] reported the same in only 9% of their patients at 

46 months. Christakis [90], however, reported a 65% freedom from angina at 5 years. 

This difference in recurrence of symptoms may bedue to the particularly severe nature 

of the coronary disease present among the local population or to suboptimal 

revascularization achieved. One of the limitations of our study is the lack of follow-up 

angiographic data. However, it is encouraging to note that at the time of follow-up, 90% 

of patients were angina free, which is a considerable improvement when compared with 

preoperative status. To minimize the risk of acute graft or native-vessel thrombosis after 

CCE, particularly for left-sided endarterectomies [22, 40, 85, 90], routine intravenous 

infusion of heparin, dipyridamole, or dextran is recommended by some authors in the 

immediate postoperative period, followed by warfarin for several months. However, our 

practice is that, once the bleeding settles, aspirin is administered [39,40], and 

clopidogrel is given for a period of 6 weeks. The reported incidence of early mortality 

after CCE is between 2% and 15% [18-22, 86-88, 91-93] and is higher than that of 

patients undergoing CABG without CE in the same institutions. In the context of 

OPCAB with CE, Careaga and associates [73] and Erylimaz and colleagues [72] 

reported a 30-day mortality of 0% in their small series. Naseri and associates [74], who 

compared CCE and OPCAB with CE, reported a mortality of 2.2% in a series of 44 

patients with the latter technique. In our larger series of 70 high-risk patients, the early 

mortality of 2.8% in the endarterectomised group is higher when compared with 

OPCAB without endarterectomy in 610 patients for whom the mortality rate was 1.3% 

(n=8). 
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                    Early death is reported to be higher after LAD endarterectomy [18] and in 

patients undergoing endarterectomy of more than 1 coronary artery [21]. Although the 

number of multiple endarterectomies was low (5.7%), both our early deaths followed 

endarterectomy that did not involve LAD. In our experience, enadarterectomy of the 

circumflex territory is generally unnecessary when there is diffuse disease and extensive 

calcification due to the small caliber of the vessels. That applies to both conventional 

coronary endarterectomy and that performed off pump. Actuarial survival rates of 

96.7% at 1 year [35] and 71% to 92% at 5 years after CCE [18,21,22,87,88,90,91] have 

been reported. After OPCAB with CE, Erylimaz and colleagues [72] reported no deaths 

at 1-year follow-up in their small series. Our 91.5% 1-year survival, 87.9% 5-year 

survival, and 78% 10-year survival rates are impressive as compared with those after 

CCE. In the context of OPCAB with CE, however, we could not find long-term follow-

up in a large series of patients in the literature. Owing to the increasing number of 

patients with diffuse coronary artery disease being referred for OPCAB, there is a need 

to reassess the early and medium-term postoperative outcomes in patients undergoing 

primary OPCAB with CE in modern cardiac surgery. Despite the higher risk profile, 

hospital mortality and major complications in our study are comparable to those for 

CCE. In the largest series of OPCAB with CE so far, we have shown that the effect of 

OPCAB with CE appears to be durable, and long-term clinical outcomes are 

encouraging. Hence, diffuse disease requiring endarterectomy should not be considered 

a contraindication to OPCAB. Surgical skills and the suitability criteria of the patients 

are very important in this regard. Improperly performed OPCAB CE may lead to the 

need for further percutaneous intervention or surgery in the form of redo-OPCAB or 

redo-ONCAB which is the subject matter of my next study related to this thesis. 

 

 

7.4. Redo-OPCAB  may lead to early better cardiac and pulmonary                

outcomes than redo-ONCAB 

                  The hypothesis that redo-OPCAB improves cardiac as well as other organ 

systems outcome as compared to redo-ONCAB is supported by the finding that 

prolonged CPB increases the risk of mortality in repeat surgical revascularisation [29]. 

Patients requiring repeat surgical revascularisation commonly have advanced 
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atherosclerosis and redo-OPCAB with minimal aortic manipulation may reduce the 

incidence of stroke. Furthermore, studies have demonstrated clinical advantages of 

performing redo-OPCAB for single-vessel disease [94,95]. Our study is the first in the 

literature comparing redo-ONCAB and redo-OPCAB by the propensity score analysis 

[41,96]. This statistical technique eliminates investigational bias especially in relation to 

preoperative patient characteristics, which is one of the key criticisms of retrospective 

studies. In this study, we did not show any difference in the postoperative hospital stay, 

re-exploration for bleeding and incidence of postoperative MI between the two 

approaches. In contrast, Trehan et al [97] showed results in favour of redo-OPCAB in 

their observational study in relation to the above postoperative characteristics. In 

another retrospective study by Stamou et al [94], it was shown that redo-OPCAB 

improves remote organ outcomes and mortality in comparison with redo-ONCAB for 

single-vessel disease. As in our study, they have also showed that redo-ONCAB 

patients require a longer period of mechanical pulmonary ventilation than the redo-

OPCAB group. The adverse effects of CPB on lung function and the presence of a 

larger number of diffusely diseased coronary vessels could possibly lead to the 

potentially inferior early postoperative outcomes of redo-ONCAB. This may be partly 

explained by lung atelectasis, ventilation-perfusion (V-Q) mismatch and lung 

reperfusion injury post-CPB. The latter leads to impairment of vascular endothelial 

integrity leading to vasoconstriction (pulmonary hypertension) and increased vascular 

permeability (pulmonary oedema). This is especially so with redo-ONCAB where CPB 

times are longer than first time ONCAB. It was also shown that conventional redo-

ONCAB was associated with a two-fold higher incidence of postoperative new-onset 

AF [98] which is similar to our results, but not statistically significant in our experience. 

The predisposition to AF may be explained by the effects of hypothermia, right atrial 

manipulation, aortic cross-clamping and greater surgical trauma in patients undergoing 

CABG with CPB [99]. The surgical trauma is reflected by the higher levels of cardiac 

troponin T [100] and reduced heat shock protein 70 expression [101] after ONCAB. In 

the preoperative elective setting, IABP has been shown to enhance cardiac performance 

and improve the outcome of redo-ONCAB [102]. Also, in first-time OPCAB patients, 

this strategy is very effective in preventing haemodynamic instability [103] and 

reducing ARF [104] in high-risk patients. Here we have shown for the first time that, in 



Page 57 of 85 
 

the postoperative setting, the need for insertion of IABP was higher in redo-ONCAB 

than redo-OPCAB. In the context of redo surgery, the reason for this is unclear and 

remains to be explored. However, the greater use of postoperative IABP with redo-

ONCAB may reflect reduced cardiac contractility as a result of myocardial oedema 

secondary to global ischaemia and greater reperfusion injury leading to stunning. 

OPCAB has also been shown to lead to better recovery of myocardial oxidative 

metabolism, myocardial function and a lower requirement for inotropic agents. In 

agreement with some other publications of first-time OPCAB, there were more 

anastomoses performed with CPB than otherwise in our study. However, the index for 

completeness of revascularisation was similar in both groups as the number of grafts 

corresponded to the number of significantly diseased coronary arteries in both groups. 

We do not consider small targets and intramyocardial vessel to be contra-indications to 

redo-OPCAB, either via sternotomy or thoracotomy. Although OPCAB surgery is 

criticised for the inaccuracy of anastomoses on the moving heart [105], excellent results 

[106] have been reported with 85-95% graft patency with OPCAB. We cannot comment 

on long-term graft patency in redo-OPCAB cases on the basis of our results, as lack of 

angiographic data is one of the limitations of our study. Previous cardiac operation is 

one of the most important risk factors for operative mortality. However, mortality rates 

for redo-OPCAB are reported around 2-5% [34,35]. Our results compare well with this 

but no difference in mortality was observed between redo-ONCAB and redo-OPCAB. 

Results after a follow-up period of more than 5 years do not show significant 

differences regarding major cardiac adverse events and long-term survival between the 

two groups in our study, where patients with smaller number of lesions underwent 

OPCAB and those with diffuse disease underwent ONCAB. To avoid catastrophic 

haemorrhage at re-sternotomy and injury to a patent IMA graft, both of which are 

associated with a high mortality [107,108], redo-CABG through a thoracotomy is an 

attractive option in selected patients. This would be beneficial in the majority of patients 

who have undergone first-time CABG in the last 10-15 years where LIMA was used for 

revascularisation of LAD. This operation can be done without CPB and gives an 

excellent exposure to the circumflex system (postero-lateral thoracotomy) and exposes 

the LAD (anterior thoracotomy). Usually 1-2 grafts are performed via this approach. It 

may be used when there is a contra-indication to re-stemotomy, the surgeon may 
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routinely choose to adopt this approach for left sided grafts or it may be used to 

revascularise the culprit vessel, where CABG is high-risk and percutaneous intervention 

(PCI) is not possible. Through a left thoracotomy, conventional CPB, circulatory arrest, 

port-access with endo-aortic balloon occlusion and OPCAB can be achieved, allowing a 

tailored approach to each operation. As symptomatic relief is the main indication for 

most patients undergoing redo-OPCAB, very careful patient selection is mandatory. In 

symptomatic patients, preoperative documentation of reversible ischaemia in the region 

of significantly diseased vessels by isotope scan, dobutamine stress echocardiography 

and/or stress magnetic resonance imaging (MRI) facilitates correct selection of cases 

suitable for this approach. These operations are difficult and patient safety is enhanced 

by proper planning. The left subclavian artery can be used as a site of proximal graft 

anastomosis of a patent LIMA graft. Our study is limited by the small number of 

patients in each group along with the absence of angiographic follow-up that would 

enable a comparison of the early and late graft patency between the two groups. 

Technical improvements in redo-CABG will continue to evolve as cardiac surgeons are 

expected to deal with a rising number of patients with one or more organ system failure 

requiring repeat revascularisation. Redo-OPCAB is one more technique that allows 

surgery to be tailored to the needs of the individual patient. Although safe and feasible, 

this operation is technically challenging and requires cumulated experience. In highly 

selected patients redo-OPCAB can be performed safely and effectively with satisfactory 

early and late cardiac as well as pulmonary, cerebral, renal and GI outcomes. This study 

has highlighted the potential cardiac and pulmonary outcome benefits of redo-OPCAB 

as compared to redo-ONCAB which merits further investigation. 

 

7.5. GI complications after CABG are associated with adverse survival and 

remote organ outcome but similar for the beating and the arrested heart 

                   Previous studies have demonstrated that advanced age ( 65 years), history 

of  GI ulcer, low cardiac output syndrome, prolonged mechanical pulmonary 

ventilation, and re-exploration for hemorrhage are risk factors for GI complications after 

cardiac surgery [109,110]. The literature on this subject emphasizes the interplay of 

multiple factors leading to splanchnic hypoperfusion and consequent GI complications 
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after CABG. Published mortality rates vary from 11% to 59% [37,38,42,109,110,111]. 

The 2.8% incidence of GI complications and 21.5% mortality rate in our series are 

consistent with those of previous reports. 

                   The need for postoperative hemofiltration increases the incidence of GI 

complications after CABG. ARF after cardiac surgery is associated with high morbidity 

and mortality rates and results from organ hypoperfusion during CPB and in the 

postoperative phase [112]. Moderate renal failure in animals alters duodenal-jejunal 

motility, decreases colonic transit time and may contribute to GI injury [113]. A direct 

relationship between ARF and GI complications after cardiac surgery has previously 

been determined by multivariate analyses [38,112,114]. History of GI disease increases 

the likelihood of GI complications after CABG [38]. Specifically, history of peptic ulcer 

is an independent risk factor. GI bleeding usually results from stress ulceration and is 

more common in the elderly and those with preexisting ulcer disease. Previous GI 

pathology was present in 26 of our patients (peptic ulcer, cholecystitis, pancreatitis, and 

previous laparotomy). Separately, each of these diagnoses was not significant, but when 

grouped together, they became statistically significant. Patients with universal 

arteriosclerosis are at higher risk of mesenteric ischaemia postoperatively. None of our 

patients had preoperative symptoms suggestive of mesenteric ischaemia, such as 

abdominal angina.  

                         It is important to identify patients at increased risk of GI complications, 

but it is equally important to examine the outcomes of those who suffer such 

complications. There was a significant correlation between GI complications and 

postoperative cardiac rhythm, pulmonary and renal complications. The factors 

associated with increased mortality after GI complications in this study were 

readmission to the ICU, need for haemofiltration, reoperation and ischaemic bowel. GI 

complications are among the causes of ICU readmission after cardiac surgery [115]. We 

found that readmission to the ICU was associated with increased mortality in patients 

with GI complications after CABG. However, it is difficult to establish the cause-effect 

association between different complications after CABG. It is worth noting that these 

patients frequently have multiple complications. Significant associations between GI 

complications and the length of ICU stay, hospitalisation and the period of mechanical 
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pulmonary ventilation were found in our study and that of Recht and colleagues [114]. 

This has important economic implications in these times of over-stretched health 

resources and the risk of acquiring nosocomial infections.  

                   Prolonged CPB time has been suggested as a risk factor for the development 

of GI complications [110,116,117]. OPCAB has been reported to reduce the 

inflammatory response after conventional CABG [118]. Based on this argument, there 

is a belief that OPCAB can reduce end-organ damage, but the BHACAS study, the 

Octopus group study, and another recent study from Canada did not reveal any 

difference between the 2 approaches in terms of GI complications [119-121]. In our 

study, multivariate analysis did not identify CPB as a significant factor for the 

development of GI complications. Hospital mortality among those who developed GI 

complications was also similar for the 2 surgical approaches. This study was unable to 

address the difference in pathogenesis of GI complications between ONCAB and 

OPCAB. However, I have designed a study of markers of gut injury (gastric 

intramucosal pH, tumor necrosis factor- , interleukin-6, endotoxin) may identify factors 

involved in gut damage during and after ONCAB and OPCAB. The ethical approval for 

this study has been obtained. This may improve our overall understanding of gut 

physiology during CABG.  

               Although the pathogenesis of GI complications after CABG is complex, the 

key factor implicated is reduced systemic blood flow with end-organ hypoperfusion, 

leading to anaerobic metabolism at the cellular level [122]. The reasons for the 

increased susceptibility to hypoxia of the GI tract include its inability to autoregulate 

during periods of hypotension or persistent vasoconstriction during normotension. This 

is why low ejection fraction, peripheral vascular disease, and postoperative arrhythmias 

(noted in our study) predispose to mesenteric ischaemia [111]. Furthermore, low cardiac 

output requiring inotropic or IABP support is a predictor of mesenteric ischaemia. The 

pathogenesis of ischaemic and bleeding complications is different, and also of upper 

and lower GI bleeding, but the low incidence of GI haemorrhage in our series means 

that a much larger study is needed for a meaningful analysis.  
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                This report included only patients who underwent CABG since 2001, with a 

relatively large sample size from a center with a complex case mix, but it was not 

randomised. On the basis of this study and previous reports, patients with identified 

remote organ risk factors should be alerted to the possibility of GI complications and 

the associated mortality, to ensure that informed consent has been obtained. Specific 

clinical measures tailored to individual patients at risk of developing GI complications 

should be implemented to optimise their haemodynamic as well as distant organ status. 

The implementation of improved risk stratification with risk models and the application 

of goal-directed haemodynamic therapy should be considered [123,124]. The early 

opinion of a GI surgeon regarding early intervention should be sought. A diagnostic 

laparoscopy for quick inspection carries less morbidity than an exploratory laparotomy. 

GI complications after CABG may occur at a higher rate than previously described 

[125]. With CABG being performed in older and sicker patients with multiple organ 

derangements, a higher level of vigilance is mandatory to ensure swift referral of 

suspected cases to specialists for early diagnosis and rapid treatment of GI 

complications.  
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8. Conclusion  

In this thesis I studied remote organ outcomes after high-risk ONCAB and OPCAB.  I 

found that that there is a high mortality associated with recidivism after ONCAB and 

OPCAB and the requirement of mechanical supports to maintain vital functions was an 

important predictor of recidivism. Additionally, in high-risk patients OPCAB patients, 

routine pre-operative insertion of IABP electively reduced the incidence of ARF and 

resulted in earlier discharge. In the context of CE with OPCAB,  excellent outcomes 

were achieved in terms of remote organ morbidity and that redo-CABG on the beating 

versus the arrested heart led to improved cardiac as well as pulmonary outcomes. In the 

end I proposed that clinical measures tailored to individual patients at risk of developing 

GI complications should be implemented to optimise their haemodynamic and distant 

organ status. 

 

9. Summary 

 

In this thesis, my primary aim was to study remote organ outcomes after high-risk 

ONCAB and OPCAB.  In the first paper, where I examined the subject of reinstitution 

of step-up care (recidivism) due to adverse remote organ outcome following cardiac 

surgery, I found that the overall incidence of recidivism was 2.3% and this was higher 

for CABG+Valve (3.9%) versus CABG alone (1.8%). Principal reasons for recidivism 

in were (i) pulmonary (54.9%) (ii) cardiac (23.1%) (iii) re-exploration for 

tamponade/bleeding (7.7%) (iv) renal (6.6%) (v) GI complications requiring laparotomy 

(6.0%) and (vi) sepsis (1.1%). During primary ICU stay, pulmonary complications, low 

cardiac output state, dysrhythmias, ARF requiring haemofiltration and re-exploration 

for bleeding were independent predictors of recidivism. Following recidivism the 30-

day in-hospital mortality was 32.4%. Patients who required mechanical supports to 

maintain vital functions were most prone to recidivism. In the second paper, my aim 

was to determine the effects of elective insertion of IABP in high-risk OPCAB patients 

on organ systems. High-risk patients who had elective insertion of IABP pre-operatively 

by the open technique (Group I; n=20) were compared with a similar high-risk group 
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who did not (Group II; n=25). Post-operatively, there were no significant differences in 

the mortality, inotropic need, period of ventilation, arrhythmias, cerebrovascular, GI and 

infective complications (p=NS). However, ARF requiring haemofiltration was higher in 

Group II (n=5; p<0.05).  Although ICU stay was longer in Group I (27.6±15.3 vs 

18.6±9.1 hours; p<0.05), patients in Group I were discharged earlier from hospital. 

Here, I concluded that in high-risk patients undergoing OPCAB, routine pre-operative 

insertion of IABP electively reduces the incidence of ARF and results in earlier 

discharge. In the third publication, I decided to examine whether OPCAB with CE is 

feasible with acceptable remote organ outcomes. Seventy patients (10.2%) underwent 

concomitant CE. Thirty-day mortality rate was 2.85% (n=2). Three patients (4.3%) 

suffered from postoperative MI and 3 patients (4.3%) required postoperative IABP. 

Fourteen patients (20%) had postoperative AF and only 1 patient each (1.42%) had 

transient stroke and required haemofiltration. Actuarial survival at 10 years was 

78.04±7.6%. I concluded that OPCAB with CE has minimal cardiac as well as remote 

organ morbidity. After this, in the fourth paper, I set to compare redo-CABG on the 

beating versus the arrested heart in terms of remote organ outcomes. Applying the 

propensity score, 43 OPCAB patients were matched with 43 ONCAB patients. Mean 

number of grafts performed was 3±0.8 in redo-ONCAB and 2±0.6 in redo-OPCAB 

(p<0.05). Need for postoperative IABP was higher (p=0.02) in redo-ONCAB (n=9, 

21%) than redo-OPCAB (n=1, 2%). Duration of postoperative pulmonary ventilation 

was 55±98.7 h for redo-ONCAB and 10±12.8 h for redo-OPCAB (p = 0.008). Thirty-

day mortality rate was 6.9% for redo-ONCAB (n=3) and 2.3% redo-OPCAB (n=1; 

p=NS). Actuarial survival at 5 years was 87±5.5% for redo-ONCAB and 95±3.2% for 

redo-OPCAB (p=0.17). Event-free survival was 71±8.0% for redo-ONCAB and 

78±7.2% for redo-OPCAB (p=0.32). Here, I established that redo-CABG on the beating 

versus the arrested heart leads to improved cardiac as well as pulmonary outcomes. In 

the last paper published, the main objective was to determine the independent risk 

factors (including remote organ dysfunction) of GI complications and mortality after 

first-time CABG. Data was collected prospectively from 2320 consecutive patients. 

There were 65 major GI complications identified in 65 (2.8%) patients: paralytic ileus 

in 15, mesenteric ischaemia in 12, upper GI haemorrhage in 16, lower GI haemorrhage 

in 8, small bowel obstruction in 5, pseudoobstruction in 5, and others in 4. Thirty-day 
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mortality was 21.5% (14 patients). Female sex, preoperative creatinine >200 µmol/L, 

previous GI pathology, low cardiac output, readmission to the ICU, postoperative 

pulmonary complications, arrhythmias, haemofiltration, and reoperation were 

independent predictors of major GI complications. Independent risk factors for death 

were readmission to the ICU, the need for haemofiltration, reoperation and ischaemic 

bowel. Here, I determined that a higher level of vigilance is mandatory to ensure swift 

referral of suspected cases to specialists for early diagnosis and rapid treatment of GI 

complications.  

 

10. Összefoglalás 

Értekezésemben elsődleges célomnak tekintettem, hogy a magas rizikójú 

ONCAB és OPCAB technikával végzett műtétek utáni távoli szervi kimenetelt 

vizsgáljam. Elsőként a szívműtéteket követő távoli szervi szövődmények utáni terápiás 

lehetőségeket vizsgáltam. A recidiva átlagosan 2,3%, mely CABG+billentyű esetén 

(3,9%), a kizárólag CABG-hez képest (1,8%). A recidiva okai: (i) pulmonális(54,9%), 

(ii) kardiális(23,1%), (iii) tamponád/vérzés(7,7%), (iv) renális(6,6%), (v) laparotómiát 

igénylő gasztrointesztinális komplikációk(6,0%), és (vi) szepszis(1,1%). A primer 

intenzív ellátás során, pulmonális szövődmények, alacsony perctérfogat, dysrhythmiák, 

hemofiltrációt igénylő akut veseelégtelenség és a vérzés miatti újrafeltárás a recidiva 

független prediktorai. A 30 napos kórházi mortalitás 32,4%. A légúti szövődmények a 

recidiva leggyakoribb okai és a visszaesés azon betegeknél volt a legjellemzőbb, akik 

műtét utáni mechanikus támogatást igényeltek vitális funkcióik fenntartásához. Ezután 

megvizsgáltam az elektíven beültetett IABP hatását magas rizikójú OPCAB 

betegekben. Magas rizikójú betegeket, akikbe preoperatívan IABP beültetés történt 

nyitott technikával (I. csoport; n=20) hasonlítottam össze, ugyanolyan csoporttal, akikbe 

nem történt IABP beültetés (II. csoport; n=25). Posztoperatív nem volt szignifikáns 

különbség a halálozást, inotrop támogatás szükségességét, a lélegeztetés idejét, 

arrhythmiákat, cerebrovaszkuláris, gasztrointesztinális és fertőzéses szövődményeket 

illetően. Bár az intenzív osztályon tartózkodás hosszabb volt az I. csoportban 

(27,6±15,3vs18,6±9,1 óra; p<0.05), ezen betegek hamarabb kerültek elbocsájtásra. A 

preoperatívan beültetett IABP csökkenti az akut veseelégtelenség előfordulási 
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gyakoriságát, és korábbi kórházi elbocsájtást eredményez. Megvizsgáltam, hogy az 

OPCAB technika CE-vel megvalósítható-e elfogadható távoli szervi kimenetellel. 70 

betegnél (10,2%) történt CE is. A 30 napos mortalitás 2,85%. 3 beteg (4,3%) szenvedett 

posztoperatív myocardiális infarktust és 3 beteg (4,3%) igényelt posztoperatív IABP-t. 

14 betegnél (20%) volt akut veseelégtelenség. A 10 éves túlélés 78,04±7,6% volt. Az 

OPCAB CE-val megvalósítható, minimális kardiális és távoli szervi szövődménnyel. A 

negyedik tanulmányban összehasonlítottam a redo-CABG-t  működő és álló szíven 

alkalmazva, a távoli szervi kimenetel tekintetében. A beültetett graftok átlagos száma a 

redo-ONCAB csoportban 3±0,8, míg a redo-OPCAB csoportban 2±0.6 (p<0,05). A 

posztoperatív beültetésre került IABP szükségessége magasabb volt (p=0,02) a redo-

ONCAB (n=9,21%), mint a redo-OPCAB (n=1,2%) esetén. A posztoperatív 

mechanikus ventilláció időtartama 55±98,7 óra volt a redo-ONCAB betegeknél, és 

10±12,8 óra a redo-OPCAB betegeknél (p=0,008). A 30 napos mortalitás 6,9% a redo-

ONCAB (n=3) és 2,3% volt a redo-OPCAB csoportokban (n=1; p=NS). Az 5 éves 

túlélés 87±5,5% volt a redo-ONCAB és 95±3,2% a redo-OPCAB csoportban (p=0,17). 

Az OPCAB egy elfogadható módszer redo-CABG-t igénylő választott betegcsoporton 

és a redo-CABG műtét a működő és álló szíven javuló kardiális és pulmonális 

kimenetelhez vezet. Az utolsó vizsgálatomban a gasztrointesztinális szövődmények 

független rizikófaktorainak és a mortalitás meghatározását végeztem CABG után. 2320 

betegből major gasztrointesztinális szövődmény 65, paralitikus ileus 15, mesenteriális 

ischaemia 12, felső gasztrointesztinális vérzés 16, alsó gasztrointesztinális vérzés 8, 

vékonybél obstrukció 5, pszeudoobstrukció 5, és más szövődmények 4 betegben. A 30 

napos mortalitás 21,5% volt. A gasztrointesztinális szövődmények független 

prediktorai: a női nem, >200 µmol/L preoperatív kreatinin szint, korábbi 

gasztrointesztinális megbetegedés, alacsony CO, újbóli intenzív ellátás, posztoperatív 

tüdőfunkciók, arrhythmiák, hemofiltráció és a reoperáció. A halálozás független 

rizikófaktorai az újbóli intenzív terápia, a hemofiltráció, reoperáció és az iszkémiás 

bélbetegség. 
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