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ABSTRACT

Aims To assess risk factors for early and late outcoftex aoncurrent carotid endarterectomy (CEA) and
coronary artery bypass grafting (CABG).

Methods and resultsRecords of all 311 consecutive patients havingcament CEA and CABG from 1989 to
2002 were reviewed, and follow-up obtained (100%mpiete). In the group (mean age 67 years; 74% mjales
62% had triple-vessel disease, 57% unstable angitt#, left main coronary stenosis, 19% congestivarthe
failure, and 35% either a history of vascular powes or existing vasculopathies. Preoperativesassent
revealed transient ischaemic attack in 16%, stinké&%, and bilateral carotid disease in 20%. Theeeew %
emergent and 19% urgent operations, and ascenditg \was described as atheromatous or calcifie2il .
Hospital death occurred in 19 patients, myocardifarction in seven, and permanent stroke in 1gnificant
multivariable predictors of hospital death weretigocalcifications, coexisting vasculopathy, andeegent
procedure. Significant predictors of postoperatsteoke were calcified or dilated aorta, and of pngled
hospital stay were advanced age, unstable angmhc@existing vascular disease. For hospital sargiv10-
year actuarial late event-free rates were: dedlBp;5myocardial infarction, 84%; stroke, 93%; peangous
angioplasty, 95%; redo CABG, 98%; and all morbidityd mortality, 48%. Significant multivariable pretdrs
of late deaths were coexisting vasculopathy, agralrinsufficiency, previous cardiac surgery, talmaabuse,
calcified or atheromatous aorta, and duration t&rigive care unit stay.

Conclusion Concurrent CEA and CABG can be performed with ataddp operative mortality and morbidity,
and good long-term freedom from coronary and negjiolevents. Atheromatous aortic disease is a hgebiof
poor operative and long-term outcome.

KEYWORDS: Carotid artery stenosis; Coronary artery diseasaot@@ endarterectomy; Coronary artery
bypass grafting; Stroke; Concurrent procedures

INTRODUCTION

Perioperative stroke after coronary artery bypasstigg (CABG) is an issue of paramount importance,
particularly as the age of patients referred fadiea surgery increases and the risk of strokecaloith it}
Evidence has demonstrated that part of this incdeas®ke risk is related to carotid artery stendsibut
controversy remains concerning the best approackpdtents with concomitant severe carotid and rarp
artery disease. Such managements vary from ignacargtid lesions at the time of cardiac surgery, to
performing staged operations with delay of onehaf procedures, to combining coronary artery grafand
carotid endarterectomy during the same anaesthesia.

Each of these methods has its benefits and disalyes)t which can essentially be measured by thealglob
mortality and the incidence of myocardial infaratiand stroke.

To analyse this issue further, we have reviewedeauly and long-term results in all patients who ement
concurrent carotid endarterectomy (CEA) and CABGuat institution, between January 1989 and December
2002.
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METHODS
Methods and definitions

Records of all 311 consecutive patients who underwencomitant CEA and CABG between January 1989 and
December 2002 were reviewed (retrospective stullyiptal of 47 preoperative, operative, and postafies
variables were recorded and tested as possibleictred for operative events and long-term survival
(postoperative variables were only tested as plespiiedictors for long-term survival) (Appendix Epllow-up
information was obtained from all hospital survizdhrough clinic visits and annual letters, and 186%
complete. Mean follow-up was 112.1 months, and dative follow-up was 2690 patient-years. Between
January and March 2004, all known survivors werestjoned to obtain information regarding subsequent
coronary or neurologic events, and New York Heassdtiation (NYHA) functional class. If subsequent
hospitalization, death, or other events had ocduyrtbe patient's physician or appropriate hospitalord
department was contacted to document the eventbasitalization.

Coronary artery disease was defined as a reducfigassel diameter by at least 50% in one view anortary
angiography. Stenosis to this degree in the ld&réor descending system, circumflex system, dutrapronary
system was used for the criterion of single, doubietriple vessel disease. Urgent operations wefmed as
operative procedures performed in patients whosela@ted symptoms prompted urgent hospital adomissr
evaluation and who were judged to be too unstatniedischarge before surgery. Emergency operatioms we
defined as procedures performed on patients whasdiovascular instability required operative intmtion
either outside of normal operative hours or dispdbanother patient on the surgical schedule.

Operative mortality was any death occurring witBhdays of the operation or death during the sapspital

admission as the operation. Postoperative coursdailawed-up in terms of bleeding, cardiac andatestatus,
assisted ventilation duration, and neurologicalnéveCongestive heart failure was determined byptiesence
of pulmonary congestion or opacities consistent wiégdema on chest roentgenograms. Perioperativeardial

infarction was defined as either a new Q wave erelevation of the myocardial fraction of creatskinase in
association with persistent ST segment changesieweconduction abnormality.

With the exception of emergency, all patients saktedti for CABG underwent clinical and (echo)duplex
examination to search for aortic and peripherakisbiag arterial disease. Arteriopathy was defiredaorto-
iliac or femoro-popliteal occlusive disease thaswgmptomatic or associated with an ankle-bradhasx <0.9,
whereas abdominal aortic aneurysm was defined aslangement of the infrarenal aorta >3 cm.

Non-invasive carotid testing was routinely perfodrfer patients with recent neurologic symptomstdnis of
stroke, audible carotid bruits, evidence of othdemsive vascular disease, or advanced age. Sixéypatients
(22%) had their CEA performed solely on the basisi@i-invasive findings without angiography. A cadot
artery diameter reduction of greater than 70% vaassidered a surgical indication in symptomatic qras. In
asymptomatic patients, a stenosis of at least 8@% required, especially since 1996 consideringebkalts of
the ACAS study. CEA was always performed before cardiopulmonaryabgpwas installed for myocardial
revascularization. An intraluminal carotid shuntswesed in all patients. After completion of the amerectomy,
the neck incision was left open until heparin reaéafter cardiopulmonary bypass.

Anaesthaesiological protocol was the same througtios period, extracorporeal circulation was perfed
with a membrane oxygenator, and myocardial pratactised cold crystalloid cardioplegia solution atidie
topical cooling. Preoperatively, the ascendinga@ras searched for atheromasia or calcificationpayation
and, since 1996, by transoesophageal echocardlogran ascending aorta with a diameter >3.5cm was
considered dilated.

Patient population and operative data

The population consisted of 311 consecutive patigrtging in age from 35 to 84 years (mean age: 6§72
years). Clinical characteristics of these patieméslisted inTable 1.The incidence of female sex was about 6%
more than the average for all coronary bypass matiperformed during the same period. Among the 187
patients with a history of tobacco abuse, 108 ptigvere current smokers. One patient was on haaiysid.
Twenty-one patients had previous CABG, one had @ortilve replacement, and one had mitral valve
replacement. Ninety-six patients (31%) had a ledftmtoronary artery disease, and 193 (62%) hatkivigssel
disease.
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Table1: Patient clinical characteristics

Variable Patients (%)
Males 230 (74)
Females 81 (26)
Age (years) 67.2+7.7
Unstable angina 177(57)
Previous myocardial infarction 126(41)
Congestive heart failure 60(19)
New York Heart Association, class llI 53 (17)
New York Heart Association, class IV 6(2)
Diabetes mellitus 74 (24)
Hypertension 223 (72)
Hypercholesterolemia 181 (58)
Tobacco abuse 187(60)
Chronic obstructive pulmonary disease 68 (22)
Renal insufficiency 21 (7)
Previous cardiac surgery 23(8)
Permanent cardiac pacing 4(1)
Previous percutaneous coronary interventio 27(9)
Previous vascular surgery 55(18)
Coexisting vascular disease 76 (24)
Neurologic history
Asymptomatic 236 (76)
Transient ischaemic attacks 49 (16)
Reversible neurological deficit 3(1)
Permanent stroke 23(7)

Previous surgical vascular procedures were adeo-ibr aorto-femoral bypass for occlusive disease20
patients, femoro-popliteal bypass in 14 patientnmtmalateral CEA in 17 patients, and abdominal aorti
replacement for aneurysmal disease in four patigdtexisting non-operated vasculopathies were femor
popliteal lesions in 53 patients, abdominal acatieurysm in 13 patients, and aorto-iliac occlusigease in 10
patients. One hundred and eight patients (35%) ditier a history of vascular procedure or an exgsti
vasculopathy. In total, 17 patients had an occtusibthe contralateral carotid artery. Among thep#ients
with preoperative neurological symptoms, 57 pasiehdd one symptomatic episode, 10 patients had two
episodes, and eight patients had three or morelogic episodes.

Operative characteristics are listed Table 2. There were 81 (26%) urgent or emergent procedures.
Cardiopulmonary bypass was used in most patierth, avmean time of 85.1 + 31.2min. Mean aortic sf0s
clamp time was 41.8 £ 22.0 min. Coronary surgenysegied in single CABG in 13 patients (4%), douhlé05
patients (34%), triple in 139 patients (45%), qudi in 46 patients (15%), and quintuple in eigiignts (3%).
Mean number of grafts per patient was 3.2 + 0.4efiding aorta was considered diseased (eitherfiedici
atheromatous, or dilated) in 66 patients (21%).tdlazh aorta technique was used in 28 patients.

Statistical analysis

Distribution for all relevant variables was expegbsither as percentages or as mean * standardtidavi
(except for the duration of hospital or ICU stayhieh was expressed as minlst quartile< median< 3rd
quartile< max). The effects of nominal risk factors, suctpessence of hypertension, on early mortality were
evaluated univariately witly? test or Fisher's exact test. The effects of canis variables, such as age, were
univariately evaluated with Pearson's correlatiest tor with Wilcoxon rank sum tests when necessary.
Combinations of risk factors were multivariably eised with multiple logistic regression modelsingsthe
stepwise method (for which input and outputalues were 0.10) to determine the best predic®usvivorship

to death, for all patients and for operative sumwgvonly, was estimated with the Kaplan-Meier mdthbo
assess separately those risk factors related e@cslatsival as distinct from operative deaths, walysed only
operative survivors. Nominal risk factors for sumliand for prolonged hospital stay were assesstdlag-
rank tests. Continuous measurable risk factord) sscage, and combinations of risk factors, bothinal and
continuous, were evaluated with Cox's proportidredard models. R-value <0.05 was considered statistically
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significant. All tests were two-sided. The propamtb hazards assumptions were verified by asseshimg
parallelism of survival curves for nominal risk faxs and by testing the independence to time faticoous
variables. Moreover, the behaviour of the Schoenfekiduals was studied. For all continuous vagsbive
considered the logarithm of the variable and thiyrpmmial until the third degree, to keep the fornwhich
improved the model at best.

Statistical analysis was performed using the soBv&AS (SAS Institute Inc., Cary, NC, USA).

Table2 : Operative characteristics

Variable Patients (%)
Operative priority
Elective 230 (74)
Urgent 58(19)
Emergent 23(7)
Cardiopulmonary bypass 303 (97)
Grafts used for coronary artery bype
Saphenous vein 298 (96)
Left internal mammary artery 223 (72)
Right internal mammary artery 24(8)
Radial artery 17(5)
Ascending aortic disease
Calcification 32(10)
Atheromatous disease 22(7)
Dilatation 17(4)
RESULTS

Operative mortality and complications

Early postoperative events are listed Table 3. Twenty-three patients (7.5%) developed neurological
complications, including 12 permanent strokes, agnehich eight were ipsilateral hemispheric to tlaeotid
surgery. Of those 23 neurological events, 15 wpsdateral hemispheric to the endarterectomy, savere
contralateral, and one was in the distributionhaf vertebral-basilar arteries. Of the seven patiesiio suffered

a contralateral neurologic event, the non-operategtnal carotid artery was characterized as oexud two
patients, with a non-significant (<50%) lesionwotpatients, with a moderate (50-69%) stenosigi gatient,
with a severe (>70%) stenosis in one patient, aaslvormal in one patient.

Cardiac complications developed in 99 patients (328t only seven patients suffered myocardialrictfan.
Arrhythmias occurred in 83 patients (27%), of wh@&®a (20%) had atrial fibrillation or supraventricula
tachycardia, and 21 (7%) had ventricular tachyeardimong the nine patients who developed an atrio-
ventricular bloc, none required a permanent pacemak

Other postoperative events, such as pulmonary ¢oatioins, renal insufficiency, septicaemia, andperation
are listed inTable 3.

Length of hospital stay and of intensive care utay @averaged 17.5 £ 14.2 and 4.0 + 5.1 days, résphc
Excluding 34 patients who stayed in the hospitalnfmre than 30 days, average hospital stay was#4%.5
days, and average intensive care unit stay was 2.8 days. Further summary statistics for hospitad ICU
stays are given imable 3.

Hospital deaths occurred in 19 patients (6%), oictvii6 (5%) represent 30-day mortal({fyjable 3).Of the 19
patients, 17 were men and two were women. Threematwere operated on urgently or emergently ahd 1
were operated on electively. Six patients were ¥YHX class Ill, and one was in class IV. Causes adgital
death were myocardial infarction in six patientsiebro-vascular accident in five, respiratory ifisigncy in
four, and multisystem organ failure in four. Ovérsiroke/death rate was 8.3% (19 deaths, inclutiiegstroke
deaths, and seven stroke survivors).
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During the 1989-1995 operative period, 12/147 (g#t)ents died, whereas only 7/164 (4%) patientd diging
the 1996-2002 operative peridé<0.15).

Independent variables predicting early mortalitystoperative stroke or prolonged hospital stay attinariable
logistic regression analysis are listedable 4.

Table 3 : Operative results

Variable No. of patients (%)
Deaths 19(6)
Neurological complications
Transient ischaemic attack 6(2)
Reversible neurological deficit 5(1.5)
Permanent stroke 12(4)
Cardiac complications
Myocardial infarction 7(2)
Arrhythmia 83 (27)
Transient atrio-ventricular bloc 9(3)

Pulmonary complications
Prolonged mechanical ventilation (>24 h) 45 (14.5)

Pneumonia 37(12)
ARDS 4(3)
Renal insufficiency 28(9)
Dialysis 5(1.5)

Septicaemia 6(2)
Reoperation
Sternal infection 8 (2.5)
Mediastinal bleeding 6(2)
Pericardial effusion 4(1)
Cervical haematoma 1

Hospital stay (days)

Min < 1st quartile< Median< 3rd quartile< Max 1<13<15<22<168
ICU stay (days)

Min < 1st quartile< Median< 3rd quartile< Max 1<2<3<6<96

ARDS, acute respiratory distress syndrome; ICl&risive care unit.

Table 4 Variables associated with operative mastalnd morbidity, by multivariable analysis

Variables P-value OR (95%CI)
Predictive of operative mortality
Aortic calcifications 0.0003 6.3 (2.3-17.0)
Coexisting vascular disease 0.003 4.9 (1.1-21.3)
Emergent procedure 0.03 4.4 (1.2-16.6)
Predictive of postoperative CVA
Aortic calcifications 0.004 5.2 (1.8-18.1)
Aortic dilatation 0.002 6.5 (2.0-21.1)
Predictive of prolonged hospital
stay' (>14 days)
Age 0.006 0.9 (0.9-1.0)
Unstable angina 0.009 0.7 (0.6-0.9)
Coexisting vascular disease 0.01 0.4 (0.2-0.8)

OR, odds ratio; Cl, confidence interval; CVA, cexebascular accident.
The model assessed the probability of leaving tiepital, and therefore a risk ratio of less thé#ig predictive of prolonged hospital stay.
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Late mortality and functional activity

Two hundred and ninety-two patients were dischafgad hospital. A total of 105 patients have diedodow-
up. Of the 187 long-term survivors, a majority eftipnts were in NYHA functional class | (142/18B9%%) or
class Il (32/187, 17%). Eleven patients (6%) wer®l¥HA class lll, and only two patients (1%) weredlass
V.

Five- and 10-year actuarial event-free rates fdtodeup coronary and neurological complications are
summarized imable 5.

Ten patients had developed recurrent symptomaticneoy artery disease, treated with percutaneousnaoy
intervention in six patients, medical therapy irethpatients, and redo CABG in one patient.

Late neurologic events developed in 11 patientscamgisted in transient ischaemic attack in fourepés and
permanent stroke in seven patients. During follgy20 patients had contralateral CEA.

Long-term survival is depicted iRigure 1. Median survival was 107 months for the entire pafpah, and
survival at 1, 5, and 10 years was 85.5 + 2.0% (2#ents at risk), 72.8 + 2.6% (162 patients sk)riand 46.1
+ 3.9% (45 patients at risk), respectively.

Independent predictors of late mortality by muliigiox-regression are listedTiable6.

Table5 Five- and 10-year late actuarial cardiac and nelogical event-free rates

Event Five-year freedom 10-year freedom
(%) (%)
Death 79.1+ 25 50.0+ 4.2
Myocardial infarction 923+ 1.8 845+ 2.3
Percutaneous coronary interventio 99.4 + 0.9 952+ 2.1
Reoperative coronary grafting 99.1+ 0.8 978+ 14
Total stroke 98.2+ 1.8 934+ 24
Ipsilateral stroke 99.4+ 0.9 955+ 2.6
All events 778+ 3.6 48.1+ 5.1

Table6 Variables associated with long-term survivapérative survivors), by multivariable analysis

Variables P-value HR (95%CI)
Preoperative variables
Age <0.0001 1.1(1.0-1.1)
Coexisting vascular diseas 0.005 2.3(1.3-6.0)
Tobacco abuse 0.006 2.0 (1.2-3.3)
Previous cardiac surgery 0.01 2.7(1.2-6.0)
Renal insufficiency 0.04 2.7(1.0-6.9)
Operative variables
Calcified aorta 0.002 2.3 (1.3-4.0)
Atheromatous aorta 0.004 2.2 (1.2-3.8)
Postoperative variables
Duration of ICU stay 0.01 1.0 (1.0-1.1)

HR, hazard ratio; ICU, intensive care unit.
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Figurel Survival curve of all patients after concurreotonary and carotid artery surgery.
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DISCUSSION

Concomitant carotid and coronary disease, with reeatherosclerosis damaging both arterial systasns,
current and frequent clinical problem. Indeed, pessive studies have shown that 8-14% of CABG pédie
have significant carotid stenosi,whereas it has been estimated that up to 28% ténts undergoing
exploration for CEA have severe correctable corordisgasé. Furthermore, coronary artery disease is the
leading cause of both early and late mortalityrafteA 02

Similarly, one of the most concerning complicatiafier CABG is stroke. In fact, although the ovkiatidence
of complications after CABG has decreased, thedamie of major neurological complications, suclsteske,
remains relatively unchanged, being reported fro8rt® 3.2% in retrospective studi€s; and from 1.5 to 6% in
prospective studieS:*® Postoperative stroke remains a catastrophic astlyccomplication of CABG, with a
reported 24.8% mortality and a mean hospital st@8alays among survivors.

Carotid vascular disease may lead to stroke ducargliopulmonary bypass via embolization from unistab
plaques or by decreased cerebral blood flow distalritical stenosis. Brenest al.'® reported a 9.2% rate of
stroke or transient ischaemic attacks in cardiagical patients with asymptomatic carotid stenostsen
compared with 1.3% of patients with no carotid ets.

Surgical approaches for patients with coronary andctarotid artery lesions

Although CEA for high-grade carotid lesions is biérial in reducing strok&™ and CABG is effective in
reducing mortality from coronary artery disedS¢he management of severe disease in both coraarady
carotid arteries remains controversial.

Several therapeutic options exist for patients wihcomitant carotid and coronary artery diseagB@ alone,
staged CEA and CABG, reversed staged CEA and CABGcambined procedure during the same anaesthesia.
Recently, Nayloret al.?* performed a systematic review of outcomes foll@vstaged, reverse staged, and
synchronous CEA and coronary artery bypass. Theydfdhat mortality was highest in patients undergoing
synchronous CEA/CABG (4.6%, 95%CI 4.1-5.2), whereagersed staged procedures (CABG followed by
CEA) were associated with the highest risk of ipeilal stroke (5.8%, 95%CI 0.0-14.3) and any str&ka%,
95%CI 1.0-11.7). As expected, perioperative myadearthfarction was lowest following the reverse gtd
procedure (0.9%, 95%CI 0.5-1.4), and highest inep&t undergoing staged CEA-CABG (6.5%, 95%CI 3.2-
9.7). The risk of death/stroke/myocardial infarctioras 11.5% (95%CI 10.1-12.9) following synchronous
procedure vs. 10.2% (95% CI 7.4-13.1) after stagEA-CABG. Overall, these authors conclude thateéheas

no significant difference in outcomes for staged synchronous procedures.

It should, however, be emphasized that none ofattedysed studies were completely randomized trialsh
randomized trials would have obviously been prédfleréo minimize patient selection bias, but, unfogtely, no
such study exists in the literature. Furthermosyegal studies stated that a combined approachused in
patients with severe lesions of both arterial systewhich may have resulted in greater atheromdiaugen in
the combined group.
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Operative mortality and morbidity

We report an operative mortality rate of 6%, drogpirom 8% in the first half, to 4% in the secoralftof the
operative period examined in this study, decredsehmhowever fails to reach statistical significanc

We sought to define risk factors that would be mteds of early mortality in this population. By ivariate
analysis, factors associated with operative deatre congestive heart failure, chronic obstrucpuémonary
disease, coexisting vascular disease or percutarmonary intervention, emergent procedure, cctzsping
and cardiopulmonary bypass times, and ascendindic aoalcifications or atheromasia. However, by
multivariable analysis, only proximal aortic calcétions, coexisting vasculopathy, and emergentetiore
were predictors of operative mortality.

Non-elective surgery has long been known to balafdctor for increased mortality, and the findhgre is not
surprising. Given the higher risk associated witigent CABG, it could be advisable to defer CEA for
asymptomatic disease to a later operation in thiept population.

On the opposite, our data indicate that neithetalohs angina nor left main trunk disease were aataat with
increased operative mortality, and that these ptatishould not be denied the possible benefitheptocedure,
provided they are appropriately managed. This shbel emphasized because the presence of left meik t
stenosis has been shown to be significantly higigratients with associated carotid artery dise&saheir
recent concomitant CABG/CEA series, Zachaeal?* found a 27% incidence of left main disease, as sggo
to 17% in their remaining CABG population. We rdpeere an incidence of left main disease of 31%gmwh
compared with 16% in our regular CABG population.

We report a permanent stroke rate of 4%. Proximaladilatation or calcifications were associatwgth stroke,
reflecting the risk of atheroembolization duringdiac surgery in patients with a diseased proxiacata.

As an element of comparison, the incidence of atingnaortic lesions was 8.7% in our general CABG
population operated during the same period, witfedoperative permanent stroke rate of 3.4% ambpget
patients.

Risk factors for stroke during CABG that are fregjie quoted in the literature, in addition to cadoartery
stenosis, are ascending aortic atherosclerosigjopiee stroke or transient ischaemic attack, agegehgnsion,
diabetes, smoking, peripheral vascular diseaseyéeftricular dysfunction, left main coronary aytetisease,
renal failure, and increased cardiopulmonary bypiae’?!"?**?Among these demonstrated risk factors,
ascending aortic atherosclerosis is probably thetrimoportant. In our study, proximal aortic atheesia was
associated both with operative mortality and witbls.

Johnet al.*’ retrospectively reviewed 19 224 CABG patients wgding surgery at 31 hospitals in New York
State in 1995. Aortic calcifications were the lemgdirisk factor for stroke, with an odds ratio 0f0.3.
Atherosclerosis of the ascending aorta leads toketrvia macroembolization to the cerebral vessels.
Macroemboli are most likely to occur during aortitanipulation, such as canulation, cross-clamping, o
construction of proximal anastomoses, but may atsr at other times because of the sandblastiiegtedf
cardiopulmonary bypass.

We cannot rule out that a delayed procedure, postgoCEA in patients with diseased ascending aatta,
highest risk of stroke, and to stage it after CABGuld have yielded better neurological results. €tetmine
the optimal treatment for severe carotid stenasithdse patients would require the comparison gfcap of
patients with ascending aortic disease undergoimgurrent surgery and another group with delaysatesyy,
which is beyond the scope of this study.

However, we believe that prevention of non-caratthted stroke with the use of epiaortic imagindobe
clamping, avoidance of aortic clamping or cannalatiand the use of off-pump technique may be asitapt
factors as concomitant CEA in limiting adverse néagizal events.

Late survival and events
For hospital survivors, survival at 1, 5, and lGrgewas 93.4 + 1.5%, 79.1 + 2.5%, and 50.0 + 4.2%,

respectively. These survival rates are good ancbeoable with other studiés?® although long-term results are
scarce.
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We also sought to define risk factors that wouldpbedictors of late mortality in our populationg8ificant
multivariable predictors of late deaths were caigsvasculopathy, age, renal insufficiency, pregicardiac
surgery, tobacco abuse, calcified or atheromatauta,aand duration of intensive unit stay. Theselifigs
emphasize that extensive atheromatous arteriaghsiselamaging not only the carotid and coronagriag, but
also the ascending aorta and the peripheral vessealdarbinger of poor outcome.

Our long-term results, particularly the excellergeidom from late neurological events, certainlypsupthe
combined operative approach. In 1995, Akénsl?’ also reported a 10-year freedom from late ipsitatsiroke
of 96.4 + 2.2% after concomitant carotid and corgraatery surgery.

Study limitations

Because of the retrospective nature of this sttidyproblem of missing data should be fully addrdsalthough
rare and always at random. When it occurred foorgiguous variable, the missing data was replagethé

median value of this variable. We have also cheakedresults without replacing a missing data wifie

median value of this continuous variable, simplietieg the patient. Doing so, our results weredifferent, the
same variables remaining statistically significavith only very minor changes in estimates and Resa

Such a replacement not being possible for a gtigbtaariable, the patient was excluded when sudhta was
unavailable. Certainly, by simply excluding patemtith missing data, the population that is beimguded is
different at every stage of the model building mahares. Therefore, when comparing the differentetsouh the
stepwise model building procedures, it is impogsiol distinguish the effect of the added (or deletariable
from a possible effect of a different populatiorovirever, the number of patients with missing data alavays
lower than 3%, for any variable. Moreover, for thmiltivariable model, the estimate and P-valuestlfar
significant variables were obtained by running pinegram again, with only the significant variabiesoduced
in the final model, after the selection step. Thethod used for model validation is described in éqix 2.

Perspectives

A new treatment option for patients with combinedotid and coronary vascular disease is CABG péustix
angioplasty/stenting’*® The theoretical advantages of carotid stentindnas it is less invasive and does not
require a general anaesthesia, therefore decreagyogardial risks. It should, however, be emphakitteat
carotid stenting is relatively new and that thegiderm results are unknown. Therefore, in our apginionly
patients who are considered at unacceptable riskCBBG plus CEA, either by synchronous or delayed
procedures, should currently be considered fortichstenting. However, indications for carotid $teg could
potentially be enlarged in the future if long-teresults are good.

Finally, as our data may suggest, the clinical ioeof the possible benefits of combined procedw@mpared
with staged procedures for concomitant coronary eandtid artery disease could best be addressédiala
where patients are randomized to the two treatrsategies. Indeed, one cannot disprove the ptgsithiat
the same set of patients may have had similarpergar results using a staged surgical approach.

Such a prospective study would require a multitinsonal effort, to achieve the appropriate sanmgile. For
example, based on an expected incidence of stnokeaih of 7.5%, as well as arevel of 0.05 and &-level
of 0.20, a sample size of 1500 patients per groapldvbe required to detect a relative risk redurctid 33%.
Therefore, such a large prospective trial would Hécdlt to achieve, and a retrospective analysighwa
rigorous and well-described inclusion criterionpgaaring several approaches performed by the sargeans,
would also yield a lot of informations. However, msst surgical teams use either the combined ostifged
approach, and not both, such data are also vergulifto collect.

CONCLUSIONS

Stroke is a devastating complication of coronatgrgrbypass surgery. Carotid stenosis is amongntpertant
causes of stroke during CABG, and several treatrmiégtnatives exist for patients with concomitaartatid and
coronary artery disease. Synchronous CEA/CABG sffire economic benefit of avoiding two separate
procedures and hospitalizations, with a combineakidestroke/myocardial infarction risk ranging franto
12%, and good long-term freedom from coronary agutologic events.

Our data also concur with other studies to dematestthat proximal aortic atheromatous disease risagr
cause of stroke during CABG, and that every effbiuld be made to address this problem. Potemtiafiens
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that should be considered are the use of epiainéging before clamping, avoidance of aortic clamgpor
cannulation, the use of off-pump technique for nayd@l revascularization, and carotid stentingadidition,
extensive atheromatous arterial disease remaiaghéniger of poor long-term outcome, and aggregsaatment
of atheromatous risk factors is of paramount inmgooee in those patients.

Conflict of interest: none declared.
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Appendix 1

Variables tested for operative events and long-terraurvival

Preoperative variables
Sex
Age
Stable angina
Unstable angina
Previous myocardial infarction
Congestive heart failure
NYHA functional class
Diabetes mellitus
Hypertension
Hypercholesterolaemia
Tobacco abuse
Chronic obstructive pulmonary disease
Renal insufficiency
Previous cardiac surgery
Permanent cardiac pacing
Previous percutaneous coronary intervention
Previous vascular surgery
Coexisting vascular disease
Neurologic symptoms
Contralateral carotid artery occlusion
Left main disease
Number of diseased coronary arteries
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Ejection fraction
End-systolic volume
End-diastolic pressure

Operative variables
Operative priority
Cardiopulmonary bypass
Cardiopulmonary bypass time
Aortic cross-clamping time
Cardiopulmonary bypass temperature
Number of CABGs
Calcified aorta
Atheromatous aorta
Dilated aorta
No-touch aorta technique

Postoperative variables (only tested for long-tetmvival)
Neurological complications
Myocardial infarction
Arrhythmia
Transient atrio-ventricular bloc
Prolonged mechanical ventilation (>24 h)
Pneumonia
ARDS
Renal insufficiency
Septicaemia
Reoperation
Length of hospital stay
Length of ICU stay

Appendix 2
Model validation

First, the interpretation of the coefficient forckamodel can be performed, because we have nogonod co-
linearity (the hazard ratios for each variableiarthe same order in the multi-variable model amal univariate
model). Secondly, to check if chance predictorsawecluded in the final model, we took 100 differeamples
of 250 randomly selected patients out of the folbylation of 311 patients for the modelsTatble 4,and 230
out of 285 patients for late survival. For each gli@nwe did a stepwise selection. For the modalysig the
predictors of operative deaths, we found 70% ofrtloglels, which contained at least two of the thmeslictors.
Further, each predictor was almost equally repteserf-or the model studying postoperative CVA, \ad B1
% of the models with at least one of the two vdeabAgain each predictor was almost equally represl. For
the model studying the duration of hospitalizatiorg had 45% of the models with at least two of tree
predictors. For the model studying late survivag hiad 57% of the models with at least five of tighie
predictors(Table 6)and we reached 86% for at least four predictors.

The logistic model studying the operative death owpd by 11% the prediction of death (positive préde
value was 18.5%, prevalence 7.39%, and negativeighre value 95%). The logistic model studying
postoperative CVA improved by 42% the predictionGfA (positive predictive value was 50%, prevalence
7.71%, and negative predictive value 74%).



