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Abstract:

Background—Although Bilateral Internal Thoracic Artery (BITA) grafting is associated with 

improved survival, the use of this technique in elderly is controversial due to their increased 

surgical risk and shorter life expectancy.  The purpose of this study is to evaluate the effect of 

age on outcome of patients undergoing BITA grafting. 

Methods and Results—Between 1996 and 2001, 1714 consecutive patients underwent 

skeletonized BITA grafting, of whom 748 were 65 years of age or younger, 688 were between 66 

and 75 and 278 were 76 or older.  Operative mortality of the three age groups (1.2%, 4.1% and 

5.8%) was lower than the logistic Euroscore predicted mortality (3.9%, 6.5%, 9.3%, respectively, 

p<0.001).  There was no significant difference between groups in occurrence of sternal infection 

(1.3%, 2.6% and 1.4% respectively, p=0.171).  Mean follow-up was 11.5 years.  Kaplan-Meier 

10-year survival for patients 65, 66-75 and >75 years of age was 85%, 65% and 40%, 

respectively (p<0.001).  They were better than the corresponding predicted Charlson 

Comorbidity Index survivals (68%, 37% and 20%, respectively, p<0.001 for all age groups), 

approaching survival of gender and age-matched general population (90%, 70% and 41%, 

respectively).  Age 65 or younger (HR 0.232, 95% Ci 0.188-0.288) and 66-75 (HR 0.499, 95% 

Ci 0.414-0.602) were independent predictors of improved survival (Cox Model) 

Conclusions—BITA grafting should be considered in patients older than 65, due to the 

significant survival benefit obtained with this surgical technique without additional risk of sternal 

wound infection related to age.   

 

Key words:  cardiac surgery, elderly, bypass surgery 
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Introduction 

With the expansion in life expectancy, an increasing number of elderly patients are referred for 

coronary artery bypass grafting (CABG), and the current trend is to use the internal thoracic 

artery (ITA) in all patients operated on, including the older ones.  The current conventional and 

most commonly used operative procedure for myocardial revascularization includes one pedicled 

ITA together with one or more vein grafts1,2.  Vein graft exhaustion is a major drawback of 

CABG, and surgical techniques of complete arterial myocardial revascularization without veins 

have been attempted.  Two popular techniques for achieving this goal are bilateral and sequential 

ITA grafting3. 

When the ITA is dissected as a skeletonized artery4, it becomes longer and its 

spontaneous blood flow is probably greater5, 6 than that of the pedicled ITA, allowing the use of 

both ITAs to almost all coronary territories requiring bypass.  In many patients, no additional 

vein grafts are required7.  Another advantage of using ITA as a skeletonized artery is the 

preservation of collateral blood supply to the sternum8, enabling more rapid healing, and 

decreasing the risk of infection9, 10.  The bilateral skeletonized ITA technique was adapted in our 

service as the preferred method for myocardial revascularization11, 12.  The purpose of the current 

report is to analyze the impact of age on the outcome of the first 1714 consecutive patients in 

whom we used this surgical technique. 

 

Patients and Methods 

From 1996 to 2001, 1714 consecutive patients underwent myocardial revascularization with 

BITAs that were dissected as skeletonized arteries12.  They comprised 73% of the 2346 isolated 

CABG procedures for multi-vessel disease performed in the Tel Aviv Sourasky Medical Center 

When the ITA is dissected as a skeletonized artery4, it becomes longer annnddd ititits

pontaneous blood flow is probably greater5, 6 than that of the pedicled ITA, allowing the use of 
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during this period.  Pre-operative and operative patients' data were collected from the hospital 

medical records after Institutional Review Board approvals.  In order to evaluate the effect of age 

on early and long-term outcome, patients were stratified into three age groups: 65 years of age or 

younger, between 66 and 75 years, and 76 years or older.  In order to evaluate the operative-

period effect, patients were stratified according to their operative date into two groups: early 

(1996 to 1999) and late (2000-2001).   

Expected operative mortality was calculated using the "Logistic Euroscore"13 and 

compared to the observed early mortality.  Expected mid- and long-term mortality without 

operation was calculated using the "Charlson Co-Morbidity Index" (C.C.I.)14, 15, 16 (Table 1) and 

compared to the expected survival of the Israeli population of the same age and gender17 and to 

the Kaplan-Meier actuarial survival.  Follow-up was obtained using the Israeli National Registry 

database and a telephone questionnaire. 

Surgical Techniques 

Operations were performed using standard cardiopulmonary bypass (CPB) or off-pump coronary 

artery bypass (OPCAB).  Myocardial preservation during CPB involved intermittent, antegrade 

or retrograde blood cardioplegia (30°C-32°C).  Coronary stabilization during OPCAB was 

facilitated using CTS stabilizers (Curpentino, Calif.), or the Octopus system (Medtronic, 

Minneapolis, Minn.).  ITAs were mobilized from the chest wall as skeletonized vessels.  In 1515 

of the cases3, BITA were used to graft the left coronary system, i.e. the myocardial territory 

supplied by the left anterior descending and circumflex arteries.  Left-sided revascularization 

was achieved using two basic arrangements: a free ITA (in most cases right ITA [RITA]) 

attached proximally end-to-side on the in-situ ITA (mostly left ITA) in a T-graft configuration 

(composite T-graft) and an in situ BITA with an ante-aortic crossover Right Internal Thoracic 

compared to the expected survival of the Israeli population of the same age and gggennndederr171717 aaandndnd ttoo

he Kaplan-Meier actuarial survival.  Follow-up was obtained using the Israeli National Registry

daatataabababassese aaandndnd a tteleleleepephone questionnaire.
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Artery (RITA).  The choice of configuration was determined by previously detailed technical 

considerations18.  The type of conduit selected for right coronary artery (RCA) grafting was not 

related to the configuration of the ITAs.  Our strategy was to use RITAs, Right Gastro-Epiploic 

Arteries (RGEA) and Radial Arteries (RA) as grafts to the RCA branches only in the presence of 

a significant stenosis (i.e. >80%)19. When the right coronary artery (RCA) system was unsuitable 

for arterial grafting, such as in cases with a potential for high competitive flow in the RCA, we 

selected saphenous vein grafts (SVG) as the conduit for revascularization of the RCA.  To 

decrease the risk of spasm of the arterial grafts, all patients were treated with a high-dose 

intravenous infusion of isosorbide dinitrate (Isoket, 4 to 20 mg/h) during the first 48 hours 

postoperatively.  Calcium-channel blockers (Dilitiazem; 90 to 180 mg/d, orally) were given to 

patients operated on using RGEA or RA from the second postoperative day for at least three 

months12. 

Definition of Terms and Data Collection 

Patients' data were analysed according to ACC/AHA Clinical Data Standards20.  Chronic renal 

failure (CRF) was diagnosed if the creatinine level exceeded 1.8 mg/dL.  PVD included all 

symptomatic and asymptomatic extra-coronary arteriopathy. Cerebrovascular disease (CVD) 

included past history of any cerebrovascular event with or without permanent neurological 

damage.  Our definition of "emergency operation" is based on the Society of Thoracic Surgeons 

guidelines and includes patients operated on within 24 hours of cardiac catheterization, with 

ongoing angina, acute evolving myocardial infarction, pulmonary edema or cardiogenic shock21.  

Patients who needed emergency surgery and were not stabilized after intra-aortic balloon 

counterpulsation were usually operated on using one ITA combined with SVGs and therefore 

were not included (Table 2).  A perioperative myocardial infarction was defined by the 

postoperatively.  Calcium-channel blockers (Dilitiazem; 90 to 180 mg/d, orally) ) wewewererr gggivivivenenen tto o

patients operated on using RGEA or RA from the second postoperative day for at least three 

momontntnthshshs121212. 

DDeffifinin tion of TeTeTermmms s anannddd DaDaDatatata CCColololleleccctiion
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appearance of new Q waves in the ECG associated with elevated levels of creatine 

phosphokinase-MB fraction >50 mU/ml.  A cerebrovascular accident was defined as a new 

permanent neurological deficit and computed tomographic evidence of cerebral infarction.  Deep 

sternal infection was defined as the sum of deep infection and late dehiscence requiring 

sternectomy. 

Statistical Analysis 

Data are expressed as the mean + standard deviation or as a proportion.  The 2 test and 2-sample 

t tests were used to compare discrete and continuous variables, respectively.  Multivariable 

logistic regression analysis was used to predict early mortality and early morbidity events by 

various risk factors.  The odds ratios (ORs) and 95% confidence intervals (CIs) are given.  

Postoperative survival of each age group was expressed by the Kaplan-Meier method and 

survival curves were compared by the Log Rank test.  Cox proportional hazard model was used 

to evaluate the influence of preoperative variables (sex, period of surgery, age group, diabetes, 

COPD, CHF, CRF, PVD, recent MI, old MI, acute MI, unstable angina, preop IABP, emergency 

operation, EF<25%, number of vessels disease, left main disease), and operative data (repeat 

operation, OPCAB, number of grafts, bypass time, aortic cross clamp time, composite T-graft), 

on late and overall mortality.  Cox model was used to compare adjusted survival between the 

various age groups after controlling for differences between groups in preoperative and operative 

characteristics.  Results of Cox analysis were expressed as Hazard Ratios (HR) and the 95% 

Confidence Interval (CI). 

To present the expected annual survival of the general population based on our sample of 

patients, we used the 2005-2009 Complete Life Tables published by the National Central Bureau 

of   Statistics17 to calculate the annual survival for each patient according to age and gender, up 

various risk factors.  The odds ratios (ORs) and 95% confidence intervals (CIs) aaarre ggivivvenenen.  

Postoperative survival of each age group was expressed by the Kaplan-Meier method and 

uurvrvvivivivalalal ccurururveves wewewerere compared by the Log Rank k k tetesst.  Cox propoortrtr ionanaall l hhah zard model was used 

oo eeevav luate the e inininflfllueennncee e ofofof ppprrreeoeopepeerararatitivevee varrriaaablesss ((sex,x,x, ppererriooodd oooff susurgrgeeeryyy, aaagegee ggrorooupupp, ddid abababetetteseses,,d

COCOOPDPDPD, , CHCHHF,F,F, CCRFRFRF,,, PVPVVDD,D, rrecccenennttt MIMIMI, , oolold dd MIMIMI, acacacututte MIMII,, unununsststababblelel angngngininaaa, ppprereeopopop IIABABABPP,P, eeemmemergrggennncycy

operation, EF<F<<25252 %,%,%, nnnumumumbebeberr ofofo vvvesese seseselsss dddisisiseaeaeasesese,, leleeftftf mmmaiaiinnn dddisisiseaeaasesese),) aaandndnd ooopepeperarar tiiiveveve dddatatataa a (repeat 
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to 15 years.  In addition, we used the Charlson index formulation to calculate the expected ten 

year survival of our patients, assuming no surgery was performed.  The Charlson index 

formulation estimates survival of people according to their age and certain co-morbidities 

(Charlson index).  It was validated for ten years survival14.  For presentation purposes only, we 

extended the Charlson index formulation principal to calculate the estimated annual survival of 

each patient according to age and Charlson index, up to 15 years.  The Charlson index 

formulation uses a ten year survival of a 40 year old person with no co-morbidities (98%) as the 

baseline survival for its calculations.  We used the relative annual survival of a 40 years old 

person taken from the Israeli complete life tables17 as the baseline survival, to calculate the 

annual estimated survival of each patient without surgery. However, since the Charlson index 

formulation was validated for ten years survival only, we performed formal statistical 

comparison of survival between the expected general population survival, observed actuarial 

survival, and estimated survival of the patients if no operation would have been performed, only 

at ten years using a one sample t test.  

Statistical analysis was performed using SPSS for Windows version 19. Statistical 

significance was considered when p<0.05. 

 

Results 

Patients' preoperative characteristics by age groups are presented in Table 3.  Patients' 

characteristics by operative period are presented in Table 4.  Table 2 compares patients' 

preoperative and operative characteristics to those of patients with multi-vessel disease operated 

on during the study period using single ITA (SITA).  Operative mortality of the three age groups 

(1.2%, 4.1% and 5.8%) was lower than the Logistic Euroscore predicted mortality (3.9%, 6.5% 

annual estimated survival of each patient without surgery. However, since the CChhaharlrllsoon nn ininindededexxt

formulation was validated for ten years survival only, we performed formal statistical 

coompmpmpararariisisononon ooof susuurvrvrvivi al between the expected geeenenen rral population sssuru vivivavavall, observed actuarial

uurvvvivi al, and esestitit mmamateted d sususurvrrvivivivaalal ooff f tththee ppaatiennnttss if nonoo opepeperaratitiionnn wwwouuuldld hhhavvve e bbebeenen ppperere fofoforrmmededed,, onononly 

att tttenenen yyyeaearsrss uuusisingngng aaa oonnne ssamamplplplee ttt tttesesest.t.  ttt

Statisstititicacacal l anananalallysysysis wwwasaa ppperererfofoformrmmededed uuusssinining g g SPSPSPSSSSS fffororor WWWininindododowswss vvvererersisisiononon 119.9.9 SSStatatatitiists ical 
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and 9.3%, respectively, p<0.001).  COPD (O.R. 3.145, 95% C.I. 1.402-7.042, p=0.005), 

preoperative old (O.R. 1.990, 95% C.I. 1.089-3.603, p=0.025) or acute (O.R. 2.915, 95% C.I. 

1.570-5.405, p=0.001) MI, emergency operation (O.R. 3.39, 95% C.I. 1.855-6.211, p<0.001), 

and EF <25% (O.R. 3.47, 95% C.I. 1.036-11.627, p=0.044) were independent predictors of 

increased operative mortality.  Age <65 was associated with reduced operative mortality (O.R. 

0.236, 95% C.I. 0.098-0.566, p=0.001).  Sternal infection occurred in 32 patients (1.9%) (Table

5).  Increased prevalence of sternal complications was observed in patients with COPD (11.3%, 

p<0.001), repeat operation (9.5%, p<0.001), PVD (3.5%, p=0.004). Diabetes (3.4%, p=0.001) 

and patients operated on between 1996 and 1999 (early period 2.4%, p=0.001).  Repeat operation 

(O.R. 6.289, 95% C.I. 1.945-20.408, p=0.002), COPD (O.R. 9.524, 95% C.I. 4.255-20.276, 

p<0.001), PVD (O.R. 2.155, 95% C.I. 1.036-4.484, p=0.04), Diabetes (O.R. 3.472. 95% C.I. 

1.645-7.299, p=0.001), and early (1996-1999) operative period (O.R. 8.835, 95% C.I. 1.184-

65.910, p=0.034) were identified as independent predictors of sternal wound infection. 

Mean follow-up was 11.5 years.  Kaplan-Meier 10-year survival for patients <65, 66-75 

and >75 years of age were 85%, 65% and 41%, respectively (p<0.001).  They were better than 

the corresponding predicted Charlson Comorbidity Index survivals (68%, 37% and 20%, 

respectively, p<0.001) for all age groups, approaching survival of gender and age-matched 

general population (90%, 70% and 40%, respectively) (Figs. 1,2).  Predictors of decreased 

survival (Cox model) (Table 6) were older age (Fig. 3, p<0.001), congestive heart failure, 

diabetes, COPD, chronic renal failure, EF<25%, repeat operation, PVD, preoperative IABP 

support and early operative period (Fig. 4, p=0.004).  

 

Discussion 

Surgical revascularization of the left anterior descending (LAD) artery with the internal thoracic 

O.R. 6.289, 95% C.I. 1.945-20.408, p=0.002), COPD (O.R. 9.524, 95% C.I. 4.2255555-2-2- 0.0.0.2727276,6,6, 

p<0.001), PVD (O.R. 2.155, 95% C.I. 1.036-4.484, p=0.04), Diabetes (O.R. 3.472. 95% C.I. 

1..646445-5-5-7.77.2929299,9,9, pp=0=00 0.0.0010 ), and early (1996-1999) oopepep rraative period (O.OO R. 888 8.8.8353 , 95% C.I. 1.184-

6655.99910, p=0.03034)4)4 wwwereree ididdenenentititifififieded aaasss inindedeepenndndeeent pprpreediiccttotorsrs oof f ststerrnanal l wowowoununddd iininfefectctc ioioionn.. 

MeMeeananan ffolollolow-w-uupup wwasa 111.11 555 yeyeyeararss.s   KaKaKaplplananan-M-MMeeieerer 1110-0-0-yeyeyearara sssururrviviv vvaaal fforor pppatatatieientntntsss <<66565,,, 66666-77755

and >75 yearrs s s ofofo aaagegege wwweree e e 858585%,%,, 6665%5%% aaandndnd 4441%1%1%, , rererespspspecece titiivevevelylyly ((p<p<p<0.00 0000001)1)1).. TTTheheh y y y wewewererere bbbete ter than 
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artery (ITA) in patients with multi-vessel disease, is still the only proven method of improving 

event-free survival22, 23.  ITA grafts, because of their resistance to atherosclerosis, have better 

long-term patency than saphenous vein grafts and this improved patency of ITA grafts is 

believed to be responsible for the better survival and decreased recurrence of angina and the need 

for reintervention when they are used to bypass the LAD24.  

Bilateral ITA (BITA) grafting is associated with improved survival, compared to single 

ITA and saphenous vein (SVG) grafting25.  Besides improved survival, BITA patients had better 

event-free survival and reduced occurrence of re-interventions25.  Despite the improved long-

term outcome, the application of this technique in the elderly remains controversial due to their 

shorter life expectancy and in view of the excellent survival benefit obtained with single ITA.  In 

addition, BITA grafting was associated with increased risk of sternal dehiscence and sternal 

infection26, 27, 28 associated with the more extensive devascularization caused by harvesting two 

ITAs29, 30.  

In a later study by Lytle and associates2, the number of patients older than 60 years 

operated on with bilateral ITA grafts was relatively small; however, bilateral ITA grafting 

improved survival of this subset of older patients when compared with patients older than 60 

years with a single ITA graft.  

In the above and other series31, 32, extensive arterial grafting with bilateral ITAs was used 

preferentially in a selected group of young male non-obese non-diabetic patients.  Patients were 

preselected for BITA grafting according to their life expectancy, and only few of the patients 

older than 70 years were offered the option of bilateral ITA grafting.  The only large series (1467 

patients) comparing bilateral with single ITA grafting in elderly patients was reported by Galbut 

and associates33, 34.  In Galbut's study, patients with bilateral ITAs had a lower hospital mortality 

horter life expectancy and in view of the excellent survival benefit obtained wiiththh ssinini glglgle e ITITITA.AA.  Inff

addition, BITA grafting was associated with increased risk of sternal dehiscence and sternal 

nnfefeectctctioioionn26,26,26, 272727, 2, 8 aaassssssoociated with the more extenssivivivee devascularizatattioi n cacacauuused by harvesting two 

TTAAsAs29, 30.  

InIn aaa lllataterer sttutudydyy bbby y y LyLyytltt e e ananand d d asassososociciciatatatesss22,, ththhee nuuumbmbmbeerer ooof f f papapatitiienenentstss oololdedeer rr ththhanann 666000 yyeyeaarars s

operated on wiwiwiththth bbbilillatatateeerarar l ITITITA AA grgrgrafafa tststs wwwasasas rererelalalatitit vevevelylyy sssmamaallllll;; hohohowewewevevv r,r,r, bbbilililatataterereralala IIITATATA gggraraaftf ing

 at FMRP BRAZ 35042 MEDIC RIB 80 on May 14, 2013http://circ.ahajournals.org/Downloaded from 

http://circ.ahajournals.org/


DOI: 10.1161/CIRCULATIONAHA.112.001330 

10 

(3.1%) than patients with a single ITA (6.4%), and the late survival (mean 43 months) was better 

as well (69.7% vs 60.7%).  

Unlike in the above reports, in our series and that of Galbut and coworkers33, old age was 

not a contraindication for BITA grafting. In our study, complete arterial grafting with bilateral 

ITAs was the preferred method of myocardial revascularization for all age groups.  During the 

study period bilateral ITA grafting was performed in 61% of the patients referred for CABG, and 

41% of them were 70 years or older.  

Although this is a selected group of patients (Table 2), mortality and morbidity of our 

patients 70 years or older (3.7%) compared favorably with mortality described in procedures in 

which one ITA was used1.  

In the report by Lytle and colleagues2, the only morbid event that differed between the 

bilateral and single ITA groups was the difference in sternal wound complication (2.5% and 

1.4%, respectively). Harvesting the ITA as a wide musculo- fascial pedicle with the aid of 

electrocautery was shown to devascularize sternal collateral blood supply and expose the sternum 

to increased risk of poor healing, dehiscence, and infection30.  The problem of poor healing due 

to insufficient collateral blood supply may be more important in the elderly patient.  The sternum 

of elderly patients is sometimes more fragile because of osteoporosis and suboptimal blood 

supply. 

Collateral blood flow to the sternum can be significantly improved by using the 

skeletonization technique when harvesting ITAs for BITA grafting4, 5.  This new technique of 

ITA harvesting was already used in patients in the recently published ART trial.  The ART trial 

is an ongoing randomized multicenter trial where 3102 patients were randomized to receive 

either BITA or SITA during CABG, with a primary outcome of survival at 10 years. Currently, 

which one ITA was used1.

In the report by Lytle and colleagues2, the only morbid event that differed between the 

biilalaateteterararalll ananandd d ssingngglelele IITA groups was the differenncecece iinn sternal woununnd d coompmpmplication (2.5% and 

11..4%%%, respectiivevelyly)). HHHarrr evevesststinining g ththhee e ITITA A as aaa wwwideee mmmusscscuululoo-- fffasasccciaall pepeddid ccle e wiwiwithth ttthehehe aaididid ooofff 

ellececectrtrrococo auauteteterryry wwasss sshohoowwnwn too dededevavavascscscululaararizizizeee ssstererrnanan lll ccoollllatatterereralaal bbblololooodod sssupupu ppplyy y anannd d exexe popopossse ttthehee ssteteernnnumu

o increased ririisksksk ooof f f popopoororor heaeaealililingngg, ,, dededehihh scsccenenencecee,, ananandd d inininfefef ctttioioionnn303030.. TTThehh ppprorooblblblememem oof f f popopoororor hhheae ling due 
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only one year  follow up is available35.  Perioperative mortality was similar between groups 

(1.2%) and one year survival was not significantly different between groups.  

Sternal wound reconstruction was higher in the BITA group (1.9%) compared to the SITA group 

(0.6%).  

The authors concluded  that BITA grafting is feasible.  They also stressed that this are 

only early data from a long-term trial and follow-up will, in time, provide more definitive 

evidence on survival and morbidity.  

The sternal wound reconstruction rate of the BITA group in the ART trial is identical to 

the occurrence of sternal complications in our previous publication describing routine use of 

skeletonized BITA grafting in a cohort of 1515 patients3.  Occurrence of sternal complications 

(deep infection and dehiscence) in that study in patients older than 70 years was not significantly 

different than that of younger patients, and old age was not found to be an independent predictor 

of sternal complications. 

A larger cohort of patients with longer follow-up is described in the current report.  

Occurrence of sternal complications in the three age groups was similar (1.3%, 2.4% and 1.4%, 

respectively, for ages <65, 66-75 and >75).  The observed hospital mortality increased with 

increase in age (1.2%, 4.1% and 5.8%, respectively, for the three age groups in our report).  

However, it was significantly lower than the Euroscore calculated mortality (3.7%, 8.1% and 

17.2%, p<0.001).  Moreover, the actual ten year survival (Kaplan-Meier), as well as risk-

adjusted (COX) survival estimates, are significantly better than the calculated Charlson's index 

ten year survival for all age groups (<65, 66-75 and >75), suggesting significant survival benefit 

in BITA grafting, especially in the older age groups (Figs. 1,2), despite the fact that older age 

was associated with significantly decreased long-term survival. 

keletonized BITA grafting in a cohort of 1515 patients3.  Occurrence of sternal l cccompmpmpliliicacacatititionono ss

deep infection and dehiscence) in that study in patients older than 70 years was not significantly

diifffffereerenenenttt thththananan thahaatt t oof younger patients, and old agagage wwas not found d tot bbe ee aanan independent predictor n

off sssteternal commplpllicii aaatioionsns. 
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In an effort to reduce the risk of sternal complications, we analyzed our long-term 

survival results and became more careful, in the later period, in patient selection for BITA 

grafting, especially in diabetic patients with COPD, repeat operations, female gender and 

obesity3, 12, 18, 36, 37.  The decreased prevalence of COPD and obese diabetic females in the later 

period may be the explanation for decreased occurrence of sternal complications in that period. 

Limitations: 

1. This is a retrospective study and potential long-term benefits of BITA for elderly patients 

could not be demonstrated without comparing its outcome to that of CABG procedures 

incorporation one ITA and other conduits, such as SVG or radial arteries. 

2. Postoperative angiograms and coronary CT angiograms were available only in a small 

number of patients, mostly in symptomatic patients.  Therefore, they could not be included in 

this report. 

In conclusion, our study suggests that the survival benefit of BITA grafting for all age 

groups outweighs the early adverse effect of sternal wound complications.  Occurrence of these 

complications can be reduced by selective use of BITA grafting in patients undergoing CABG 

procedures. 

Further studies are required to compare long-term outcome of BITA versus single 

internal thoracic artery (SITA) in elderly patients. 
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Table 1. Charlson’s Comorbidity Index.  

Assigned weights for diseases Conditions 
1 Myocardial infarction 
1 Congestive heart failure 
1 Peripheral vascular disease 
1 Cerebrovascular disease 
1 Dementia 
1 Chronic pulmonary disease 
1 Connective tissue disease 
1 Ulcer disease 
1 Mild liver disease 
1 Diabetes 
2 Hemiplegia 
2 Moderate or severe renal disease 
2 Diabetes with end organ damage 
2 Any tumor 
2 Leukemia 
2 Lymphoma 
3 Moderate or severe liver disease 
6 Metastatic solid tumor 
6 AIDS 
Assigned weights for each condition that a patient has.  The total equals the score.  Example: chronic pulmonary (1) 
and lymphoma (2) = total score (3). 

2 Moderate or severe renal disease 
2 Diabetes with end organ damage 
2 Any tumor 
2 Leukemia 
2 Lymphomamama 
3 3 MoModed raratete oorrr seveverere lliverr dddiisiseaasese 
66  MMMetaaastttaticcc ssooliddd tttumummoorr 
6 6 AAAIDSS 
AsAssisiigngngnededed wwweieieighghghtsts fffooor eeeacachh h cooondndn itiooon nn ththhatat aaa ppatatieiei ntntnt hhhasaa . TTThehehe toootatal l eqeqequauaualslsl tthehehe sscococ rerere. EEExaaampmpm lelele:: chchchrororonininicc pupupulmmmononaarary y (1(1( )
nd lylympm ohomam  (2)2  = tototalal scoree (3)).
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Table 2. Patients' Characteristics by surgical technique (SITA vs. BITA for Multi-Vessel 
Disease, 1996-2001). 
 

P BITA 
(n=1714) 

SITA 
(n=632) 

Prevalence  

 % N % N % N Risk Factor 
43.6 748 37.3 236 39.7 982 Age <65 
40.1 688 41.1 259 40.3 947 Age 66-75 (0.002) 
16.2 278 21.7 137 17.7 415 Age 76+ 

0.000 22.6 237 33.7 213 25.6 600 Female 
0.01 32.7 561 39.9 252 34.7 813 Diabetes 

0.000 5.7 97 16.2 99 3.4 196 COPD 
0.000 25.5 437 15.1 92 22.8 529 CHF 
0.004 7.4 127 11 67 8.4 194 CRF 
0.142 41.6 713 38.1 241 40.7 954 Old. MI >1 week 
0.324 22.5 386 21.5 136 22.3 522 Acute MI < 1 week 
0.000 57.9 992 82.1 518 64.4 1510 Unstable Angina 
0.043 8.9 153 6.6 42 8.3 195 EF < 30% 
0.002 5.8 100 9.5 60 6.8 160 Preop. IABP 
0.006 15.4 264 20 126 16.6 390 Emergency op. 
0.004 2.5 42 4.7 30 3.1 72 Repeat operation 
0.000 9.0 154 14.2 90 10.4 244 Chronic CVD 
0.141 25.2 432 22.9 145 24.6 577 PVD 
0.001 76.5 1310 69.9 441 74.7 1751 3 Vessel Disease 
0.001 74.5 1277 66.6 421 72.9 1698 Bypass Grafts >3 
0.486 27.1 464 27.3 172 27.1 636 Left Main 
0.052 20.7 354 17.6 111 19.8 465 OPCAB 

Abbreviations: IDDM: Insulin-dependent diabetes mellitus;COPD: Chronic  obstructive pulmonary disease; CHF: 
Congestive heart failure; CRF: Chronic renal failure; MI: Myocardial infarction; EF: Ejection fraction; IABP: Intra-
aortic balloon pump; SITA: Single internal thoracic artery; BITA: Bilateral internal thoracic artery; OPCAB: Off-
pump coronary artery bypass grafting; PVD: Peripheral vascular disease; CVD: Cerebro-vascular disease 
*Critical preoperative state:  any one or more of the following: ventricular tachycardia or fibrillation or aborted 
sudden death, preoperative cardiac massage, preoperative ventilation before arrival in the anaesthetic room, 
preoperative inotropic support, intra-aortic balloon counterpulsation or preoperative acute renal failure (anuria or 
oliguria<10 ml/hour). 

0.0.0.3232324 4422222 5.5.5 386 21.5 136 22.3 522 Acute MI < 1 week 
0.0.0 00000000 057577.9.9.9 992 82.1 518 64.4 1510 Unstable Angina
0.043 8.9 153 6.6 42 8.3 195 EF < 30% 
0.002 5.8 10100 9.5 60 6.8 160 Preop.p. IABA PP
0.006 15.4 26262644 20 126 16.66 390 EmEmmererrgegenccy y y oopop.
0.0.0 0000004 42.2.2.555424242 4.4.777303030333.11 72722 RRReppepeat operaratitiononon 
0.0000000 9.000 151554 114.222990 0 0 1000.4 2424444CChC roroonic CVDD
0.0.11141125255.2.22 4343432 2222222.9.99 11445 552444.6.6.  57575 777PVPVVD D D 
00.000011776.5 131 100 6969.99 444411774.77 1751 3 VeVesss el DDisi eaase 
0.001 747474.5.55 121212777777 666666.6.66 42424 111727272.9.99 1616698988 Bypass Graaftftfts ss >>>333
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Table  3. Patients characteristics and age groups (N= 1714). 

Factor Total Age < 65 Age 66-75 Age >  >75 P 
No.  748 43.6% 688 40.1% 278 16.7%  
Age (mean±SD) 65.6±10.9 56 ± 7.2 70 ± 2.8 79.3 ± 3.3 <0.001 
Female gender 386 22.5% 114 15.2% 180 26.2% 92 33.1% <0.001 
NIDDM 529 30.9% 212 28.3% 242 35.2% 75 27% 0.006 
IDDM 34 2% 19 2.5% 15 2.2% 0 0% 0.031 
COPD 97 5.7% 33 4.4% 49 7.1% 15 5.4% 0.083 
Congestive heart failure 437 25.5% 153 20.5% 182 26.5% 102 36.7% <0.001 
Chronic renal failure 127 7.4% 33 4.4% 53 7.7% 41 14.7% <0.001 
Peripheral vascular disease 432 25.2% 142 19% 189 27.5% 101 36.3% <0.001 
Cerbero-vascular disease 154 9% 39 5.2% 71 10.3% 44 15.8% <0.001 
EF 25% 27 1.6% 12 1.6% 7 1.0% 8 2.9% 0.109 
EF<30% 153 8.9% 56 7.5% 66 9.6% 31 11.2% 0.137 
3-vessel disease 1310 76.5% 552 73.8% 538 78.2% 220 79.4% 0.177 
Acute MI 1wk 386 22.5% 184 24.6% 148 21.5% 54 19.4% 0.151 
Old MI >1 wk 713 41.6% 301 40.2% 287 41.7% 125 45% 0.393 
Unstable angina pectoris 992 57.6% 409 54.7% 397 57.7% 186 66.9% 0.002 
Left main disease 464 27.5% 162 21.7% 200 29.1% 102 36.8% <0.001 
Preop. IABP  100 5.8% 40 5.3% 37 5.4% 23 8.3% 0.166 
Critical preoperative state 114. 6.7% 45 6.0% 43 6.3% 26 9.4% 0.140 
Emergency operation 264 15.9% 108 14.4% 100 14.5% 56 20.1% 0.057 
Repeat operation 42 2.5% 17 2.3% 17 2.5% 8 2.9% 0.855 
Early operative period 1287 75% 567 76% 526 77% 194 70% 0.08 
Logistic Euroscore (Mean±SD) 7.7 ±9.6 3.7 ± 3.8 8.1 ± 8.3 17.2 ± 15.0 <0.001 
Charlson Comorbidity index 
score (Mean±SD) 

2.03 ±1.60 1.74 ± 1.42 2.13 ± 1.66 2.56 ± 1.75 <0.001 

OPCAB 354 20.7% 140 29.7% 137 20.0% 77 27.7% 0.006 
Bypass grafts  3 1288 75.1% 590 78.9% 516 82.5% 182 65.4% 0.002 
Composite T-graft 1023 59.7% 429 57.4% 415 60.3% 179 64.4% 0.113 
NIDDM=noninsulin-dependent diabetes mellitus; IDDM=insulin dependent diabetes mellitus; lure; MI= myocardial 
infarction; EF= ejection fraction; IABP= intra-aortic balloon pump.

3-vessel disease 1310 76.5% 552 73.8% 538 78.2% 220 7779.9.4%4% 00.17
Acute MI 1wk 386 22.5% 184 24.6% 148 21.5% 544 19.9.9.4%4%4% 00.15
Old MI >1 wk 713 41.6% 301 40.2% 287 41.7% 12255 45455%%% 000.39393
Unstable angina pectoris 992 57.6% 409 54.7% 397 57.7% 186 66.9% 0.00
Leftft mmaiainn did seseeasa e e 464 27.5% 16622 21.7% 200 29299.1.1. % 102 36.8% <0.0
Prreeoeopp.p. IIABBPPP  100 5.8% 4400 5.3% 377 7 5.5.4%4% 23 8.3% 0.16
CCrCritticical preoppereratatatiiviveee ststtaatate e 1111114.4. 66.77. % %% 454 666.0.0.0%%% 4434 666.3.3% 262626 999..4.4%%% 0.0 14
EmEmE eere gency opperatttioion 264 4 1515..9% 10888 1414.4.4.4%%% 10000 144.55%%  56 22000.1%% 000.05
ReReepepep atatat oopeperaraatititionon 424242 22.5.55% % % 1717 22.3.33%%% 11717 222.555% % 88 2..9%%% 000.8. 5
Earlrly y opoperratativi e e pep riodod 1128287 7 7575%% 565677 7676% % 52266 777 % % 19194 4 707 % % 0.0.0
Logistic Eurososcococorerer (((MeMeMeananan±S±SD)D)D) 777.7.77 ±9.9.9.6 6 3.3.3 777 ±±± 3.3..8 88 8.8 111 ±±± 8.8.8.333 171717.2.2.2 ±±± 115.0 <0.000
ChCh ll CC bibididit ii dd 22 0303 ±11 6060 11 7744 ± 11 4242 22 1133 ± 11 6666 22 5566 ± 11 7575 <00 000
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Table 4. Patients' characteristics and operative period (early vs late) 

Patient characteristics   Early (1996-1999)   
N=128 

Late (2000-2001)   
N=427 

P 

Female 306 (23.8%) 80 (18.7%) 0.017 
Emergency op. 214 (16.6%) 60 (11.2%) 0.008 
Left main 333 (25.9%) 131 (30.8%) 0.029 
COPD 80 (6.2%) 17 (4%) 0.05 
MI (Old+Acute) 796 (61.8%) 221 (51.85) <0.001 
Acute MI 319 (24.8%) 67 (15.7%) <0.001 
EF<30% 128 (9.95) 25 (5.9%) 0.005 
Repeat operation 39 (3%) 3 (0.75) 0.003 
OPCAB 181 (14.1%) 173 (40.6%) <0.001 
2VD 291 (22.6%) 76 (17.8%) 0.002 
Bypass No. 2 271 (21.1%) 164 (36.1%) <0.001 
Composite graft 807 (62.7%) 216 (50.6%) <0.001 
Abbreviations: COPD: Chronic obstructive pulmonary disease; MI: Myocardial infarction; EF: Ejection fraction; 
OPCAB: Off-pump coronary artery bypass grafting 

Table 5. Morbidity and Mortality By Age Group 

Factor Total Age <65 Age 65-75 Age >75 P 
 No. % No. % No. % No. %
30 day mortality 53 3.1 9 1.2 28 4.1 16 5.8 <0.001 
Deep sternal infection 32 1.9 10 1.3 18 2.6 4 1.4 0.171 
Postop. CVA 53 3.1 12 1.6 31 4.5 10 3.6 0.006 
Periop. MI 18 1.1 5 0.7 0 1.3 4 1.4 0.387 
3 year actuarial survival 93+10 95.8+7% 88.1+12 77.5+25 0.001 
5 year actuarial survival 88+10 94.1+9% 81.5+15 69.6+28 <0.001 
10 year actuarial survival 70+10 84.7+13% 65.5+18 40.9+30 <0.001 
CCI-10 year predicted 
survival

48+8 69+10 38+10 20+10 <0.001 

NNNo.o  %%% NoNo. %%% NNo.. %% NoNo.. %%

yp ( ) ( )
Composite graft 807 (62.7%) 216 (50.6%) <0<0<0.0.0.0010101 
Abbreviations: COPD: Chronic obstructive pulmonary disease; MI: Myocardial infarction; EF: EjEjececectitioonon fffraraactctc ioioion;n;; 
OPCAB: Off-pump coronary artery bypass grafting

TTTabblble 5. Moorbrbidididiitityyy anananddd MoMoMortrttalalalititity y y ByByBy AAAggege GGGrorooupu  

FaFaactcttororo TTTototalal AAgegege <<656565 AAggege 6665-5 757575 AAAgege >>>7775 PP 

30 day morrtatatalililitytyty 53535 333.1.11 999 11.2.2.2 222888 4.4.4.111 161616 555.8.8.8 <0.001 
D l i f i 32 1 9 10 1 3 18 2 6 4 1 4 0 171
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Table 6. Independent predictors for overall mortality 

 P 
Age <65 HR 0.236, 95% C.I. 0.191-0.299 <0.001 
Age 66-75 HR 0.503, 95% C.I. 0.417-0.606  
DM HR 1.526, 95% C.I. 1.317-1.811 <0.001 
COPD HR 1.652, 95% C.I. 1.333-2.288 0.037 
CHF HR 1.834, 95% C.I. 1.449-2.212 <0.001 
CRF HR 1.360, 95% C.I. 1.067-1.731 0.031 
PVD HR 1.801, 95% C.I. 1.538-2.114 <0.001 
IABP HR 1.626, 95% C.I. 1.074-1.980 0.001 
Redo HR 1.623, 95% C.I. 1.076-2.445 0.021 
EF 25 HR 2.132, 95% C.I. 1.201-3.021 0.001 
Early period HR 1.351, 95% C.I. 1.101-1.658 0.004 
Abbreviations: DM: Diabetes mellitus; COPD: Chronic obstructive pulmonary disease; CHF: Congestive heart 
failure; CRF: Chronic renal failure; PVD: Peripheral vascular disease; IABP: Intra-aortic balloon pump; EF: 
Ejection fraction 

Figure Legends: 

Figure 1. Kaplan-Meier survival and expected survival without operation (Israeli Population and 

Charlson Comorbidity Index, C.C.I.). 

Figure 2. Expected (Charlson's Comorbidity index) versus Israeli Population expected survival 

without operation and observed (Kaplan-Meier) 10 year survival by age groups (p<0.001) for all 

pairwise comparisons of each age group – a. age <65, b. age 66-75, c. age >75. 

Figure 3. Cox-adjusted survival by age group. 

Figure 4. Long-term adjusted survival (Cox) by operative period. 

; p y ; gg
ailure; CRF: Chronic renal failure; PVD: Peripheral vascular disease; IABP: Intra-aortic balloonn pppumumump;p;p EEEF:F:F  

Ejection fraction

FiFigugugurerere LLLegeggenenndss:::

FiFigugugureree 111.. KaKaKaplplananan-MMMeieieierrr ssuru vivivivavalll ananand d eexexpepepectctcteddd ssuururvvvivivi aala wwwititithohohoututu ooopepeperarratttiononn ((IsIsIsraraaeleleliii PoPPopupupulaaatitiononn aaandn

Charlson Comomomorororbibibidididitytyty IIIndndexexex,, , C.C.C C.C.C I.I..).))  
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