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In patients with combined atherosclerotic lesions of coronary 
and cerebral arteries, the risk of stroke after cardiac surgeries 
increases significantly. Consequently, the risk of a heart attack 
during main head and neck artery surgery also increases [1,7]. 
Given this risk, it would be useful to determine the sequence 
of surgeries and their timings and identify short- and long-term 
treatment outcomes. To date, the short-term outcomes of cere-
bral and coronary artery revascularisation surgeries performed 
with different methods and different timings have been well 
studied [6,9,4], but the long-term outcomes have not. 

The study aim was to determine the long-term survival rates 
in patients with combined atherosclerotic cerebral and coronary 
artery lesions who underwent surgical revascularisation of both 
territories.

Material and methods. This was a prospective study of sur-
vival rates in 329 patients with multifocal atherosclerosis who 
underwent surgical revascularisation of carotid and coronary 
territories. All carotid territory revascularisation surgeries and 
endovascular coronary territory revascularisation surgeries were 
performed in Mechnikov Dnipropetrovsk Regional Clinical 
Hospital. Open cardiac surgeries were performed in the Dni-
propetrovsk Regional Cardiology and Cardiac Surgery Center. 
The study included patients of both sexes with atherosclerotic 
lesions of the carotid and coronary territories requiring surgical 
intervention. The exclusion criteria were express heart rhythm 
or conduction disorder, concomitant incurable pathology and 
patient refusal to participate in the study. 

Concomitant pathology manifested itself as acute ischaemic 
cerebrovascular disturbances in 60.7% of the patients (ischaemic 
stroke or transitory ischaemic attack). A concomitant pathol-
ogy was revealed during the follow-up examination. In patients 
whose disease onset was associated with cardiac pathology, di-
agnosis of atherosclerotic carotid artery lesion was performed 
within comprehensive atherosclerotic patient examinations us-
ing transcranial Doppler on a 77025A Hewlett Packard Ultra-
sound System, 1996. All participants underwent cerebral and 
coronary angiography using a Philips-Integris V-3000 Angiog-
raphy System with Ultravist-370 (Schering, Germany) and Om-
nipaque (Huffslung Nycomed, Austria). Brain computed tomog-
raphy was performed by using an H1S CT/e Dual E7CS04037 
GE Computed Tomography Scanner (General Electric). 

Depending on the technique and timing of surgical revas-
cularisation for a particular territory, the patients were di-
vided into six clinical study groups. The first group included 
75  patients who underwent carotid endarterectomy (CEA) 
followed by (after different intervals) сoronary artery bypass 
grafting (CABG). The second group included 31  patients 
who underwent cerebral artery stenting (CERAS) followed 
by CABG during the same hospitalisation. The third group 
included 28 patients who underwent CERAS followed by (af-
ter different intervals) coronary arteries stenting (CORAS). 
In the fourth group, 61 patients underwent CORAS prior to 
CEA. The fifth group included 50  patients who underwent 

simultaneous cerebral and coronary artery stenting (CERAS 
+ CORAS). In the sixth group, 36 patients underwent CEA 
followed by simultaneous CEA + CABG surgery. 

Indications for surgical carotid arteries and cardiac vessel in-
tervention were determined by a neurosurgeon and cardiac sur-
geon, respectively, whereas indications for simultaneous surger-
ies were assessed in a specialty surgeons conference. For CEA, 
a conventional method was used, whereas all CABG surgeries 
were performed with cardiopulmonary bypass. 

In each group, a survival function was analysed starting from 
Day 30 postoperatively using the Kaplan–Meier estimator. Data 
were collected by administering a written questionnaire to deter-
mine a patient’s post-treatment quality of life, whereas the date 
of a patient’s death was provided (or reported via phone surveys) 
by relatives. 

The Kaplan–Meyer estimator of survival function at time 
point t was calculated according to the following formula [5]:
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where it  = time point when at least one patient died; 

 id
 = number of patients who died at time point it ;

 in
 = number of patients who survived up to time point it , 

excluding the deceased.

The confidence interval of survival at time point t with a con-
fidence probability of 1 – a was determined according to the 
following formula [5]:
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1 2z −α  = quantile of standard normal distribution.

For the purposes herein, a 95% confidence interval was used; 
i. e., a = 0.05. 

The survival functions in different groups were compared by 
using the log-rank test [5]. The main hypothesis was that sur-
vival rates in the groups were similar and that differences were 
random; that is, survival function variation is indistinguishable. 
Such criterion was based on the following statistic:
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Statistical distribution of z converges to standard normal one. 
Therefore, the p-value was calculated according to the follow-
ing formula:

		
( )( )2 1p z= − Φ

,
where ( )Φ �  = standard normal distribution. 

If p ³ a, there are no reasons to reject the main hypothesis 
and the survival function in the groups can be considered indis-
tinguishable. For the purposes herein, a = 0.05 was used. The 
survival functions in the groups were evaluated and compared 
by using Jupyter Notebook and the lifelines library for Python.

Results and their discussion. Early postoperative mortal-
ity rates were as follows: 4% in the first group, 2.5% in the 
second group, 3.4% in the third group, 1.7% in the fourth 
group, 3.9% in the fifth group and 2.9% in the sixth group. 
In the first group, which included patients who underwent 
CEA at various time periods prior to CABG, the 10-year sur-
vival after myocardial revascularisation was 46% [CI 95%, 
58%–34%] (Fig.  1). The figure also shows that in the first 
3 years, 25% of first group patients died (survival function 
is 75% [CI 95%, 83%–63%]). A decreased survival function 
was more significant during the first 5  years of follow-up, 
whereas the function graph was almost flat from 5 to 10 years 
after the surgery (the 5-year survival rate was 60% [CI 95%, 
71%–48%]. 

In the second group, which included the patients who 
underwent CERAS immediately before CABG, the 10-
year survival rate after the surgery was only 19% [CI 
95%, 34%–7%] (Fig. 2). A function decrease was observed 
evenly throughout the follow-up period (3-year survival 
rate, 83% [CI 95%, 92%–67%]; 5-year survival rate, 56% 
[CI 95%, 70%–39%]). 

The third group of patients who underwent CERAS followed 
by CORAS after different intervals had sharply decreased sur-
vival functions at 5 years (69% [CI 95%, 83%–48%]) and 7 years 
(42% [CI 95%, 60%–23%] years after the surgery) (Fig. 3). The 
10-year survival rate was 27% [CI 95%, 46%–10%]. In the 
fourth group, which included the patients who underwent CO-
RAS prior to CEA to prevent cardiac complications (Fig. 4), the 
10-year survival rate was 49% [CI 95%, 62%–34%]. The first 
significant decrease in the 10-year survival rates was registered 
at year  5 of follow-up (the 5-year survival rate was 86% [CI 
95%, 93%–72%]) and then it gradually and uniformly decreased 
to the indicated values. 

Fig. 1. Survival rate in patients with combined atherosclerotic 
cerebral and coronary artery lesions who underwent CEA at 
various time periods prior to CABG

 

Fig. 2. Survival rate in patients with combined atherosclerotic 
cerebral and coronary artery lesions who underwent CERAS 
prior to CABG

Fig. 3. Survival rate in patients with combined atheroscle-
rotic cerebral and coronary artery lesions who subsequently 
underwent CERAS and CORAS

Fig. 4. Survival rate in patients with combined atherosclerotic 
cerebral and coronary artery lesions who underwent CORAS 
prior to CEA
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Fig. 5. Survival rate in patients with combined atherosclerotic 
cerebral and coronary artery lesions who underwent simultane-
ous CERAS and CORAS

Fig. 6. Survival rate in patients with combined atherosclerotic 
cerebral and coronary artery lesions who underwent simultane-
ous CEA + CABG 

Fig.  7. Comparison of 10-year survival rate functions be-
tween CERAS performed prior to CABG and for simultaneous 
CEA + CABG

Fig. 8. Comparison of 10-year survival rate functions between 
endovascular revascularisation of both territories (CERAS + 
CORAS) and combined surgery (CORAS + CEA) 

Fig. 9. Comparison of 10-year survival rate functions between 
CORAS prior to CEA and simultaneous CORAS + CERAS 

Fig. 10. Comparison of 10-year survival rate functions be-
tween endovascular surgery with sequential and simultaneous 
CERAS + CORAS 

In the fifth group, which included patients who underwent simul-
taneous CERAS and CORAS, the 3-year survival rate was 86% 
[CI 95%, 93%–72%], the 5-year survival rate was 78% [CI 95%, 
88%–63%] and the 10-year survival rate was 53% [CI 95%, 69%–
33%]. The survival function decreased uniformly (Fig. 5). In the 
sixth group, which included the patients who underwent simultane-
ous CEA + CABG, the survival function plateaued during the first 
3 years after the surgery (Fig. 6). Its sharp decrease was registered 
in year 4 of the follow-up. The 5-year survival rate was 67% [CI 
95%, 81%–47%]. Then, the survival function decreased gradually 
and significantly, with a 7-year survival rate of 41% [CI 95%, 58%–
22%] and a 10-year survival rate of 26% [CI 95%, 45%–11%].

The main causes of death in all groups were cardiac and cere-
bral events. Several patients died from other causes. A compari-
son of survival functions was performed for the groups in which 
alternative methods of carotid and coronary territory revascu-
larisation were applied. 

Figure 7 shows that the 10-year survival rates in patients 
did not significantly differ between CERAS performed prior to 
CABG and simultaneous CEA + CABG (p=0.532).

During the first 5  years after carotid and coronary territory 
revascularisation, the survival functions were similar between 
patients who underwent endovascular revascularisation of both 
territories (CERAS+CORAS) and those who underwent com-
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bined surgery (CORAS+CEA); the 5–10-year postoperative 
survival rates were higher in patients who underwent combined 
surgery (p=0.026) (Fig. 8).

The survival functions in patients who underwent simultane-
ous CERAS + CORAS and CORAS prior to CEA did not differ 
significantly (p=0.93). Nevertheless, Fig. 9 shows that after the 
surgery, the 2–7-year survival rates were somewhat higher in 
the fourth group. 

After endovascular revascularisation of both territories (se-
quentially or simultaneously), there was no significant differ-
ence in the 10-year survival rates (p=0.07). Nevertheless, Fig. 
10 shows that starting from year 7 of the follow-up, the survival 
rate in patients who underwent simultaneous cerebral and coro-
nary arteries stenting was somewhat higher.

The main limitation of this study was that individual differ-
ences in the survival function of combined atherosclerotic ce-
rebral and coronary artery lesions among the groups were un-
derestimated. 

In recent years, the survival rate for multifocal atheroscle-
rosis patients who underwent surgical carotid and coronary 
territory revascularisation has significantly improved because 
of the development of endovascular technologies and im-
proved techniques of open cardiac and carotid artery surger-
ies. Along with improved surgical techniques, the possibil-
ity of improved time management, such as when performing 
simultaneous surgeries for combined atherosclerotic lesions 
of several territories (in particular, carotid and coronary 
territories), has been studied [9, 4]. According to different 
authors, the survival rate after simultaneous CEA + CABG 
surgery depends on age, concomitant diseases, risk factors 
and preoperative condition. The survival rates for years 1, 3 
and 5 after simultaneous CEA + CABG were 90%, 82% and 
73%, respectively [3,8]. The 3-year survival rate of patients 
who underwent SCA + CABG has previously been found to 
be 81% [2]. Our study determined the survival functions for 
patients who underwent carotid and coronary territory revas-
cularisation surgeries using different methods. The results of 
the 5-year survival functions were not significantly different 
from the results obtained from similar studies. 

The 10-year survival rate in patients with combined athero-
sclerotic cerebral and coronary artery lesions has not been ex-
tensively reported in modern literature. The data from our study 
showed no statistically significant differences in the 10-year sur-
vival rates between patients who underwent simultaneous CEA 
+ CABG surgeries (26%) and combined surgeries (CERAS + 
CABG) (19%) and showed higher survival rates in the patients 
who underwent combined surgeries (CORAS+ CEA) relative to 
those who underwent CERAS + CEA surgeries. 

The results of this study can be useful for selecting the tactics 
of surgical cerebral and coronary artery revascularisation, iden-
tifying the sequence of respective surgeries and time manage-
ment. 

Prospects for further research. Increased postoperative 
survival rates, particularly after carotid and coronary territo-
ries revascularisation, are associated with advances in medical 
technologies and the pharmacological industry. However, the 
long-term quality of life in respective patient populations after 
revascularisation of the two most important vascular territories 
has been poorly studied previously. There are opportunities for 
future research on patients’ quality of life, including their cog-
nitive functions and if necessary, development of methods that 
might correct any deficits.
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Aim - short-term outcomes of cerebral and coronary artery 
revascularisation surgeries performed with different methods 
and different timing have been well studied, but the long-term 
outcomes have not. 

The study aim was to determine the long-term survival rates in 
patients with combined atherosclerotic cerebral and coronary artery 
lesions who underwent surgical revascularisation of both territories.

We evaluated the survival functions of six groups of patients 
with combined atherosclerotic cerebral and coronary artery le-
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sions who underwent revascularisation using different methods 
in different sequences and at different time periods of both ter-
ritories. Survival in each group was determined from postopera-
tive Day 30 by using the Kaplan–Meier method and compared 
by using the log-rank test. Survival was also compared among 
the groups in which alternative methods of carotid and coronary 
territories revascularisation were used.

The 5-year survival rates were similar between patients who un-
derwent endovascular revascularisation of both territories (cerebral 
and coronary arteries stenting) or combined surgery (coronary arter-
ies stenting + carotid endarterectomy). The 5–10-year survival rate 
was higher in patients who underwent combined surgery than in 
the other patients (p=0.026). The main causes of death in all groups 
were cardiac or cerebral events. The 10-year survival rates did not 
significantly differ between patients who underwent cerebral artery 
stenting prior to coronary artery bypass grafting and those who 
underwent simultaneous carotid endarterectomy + coronary artery 
bypass grafting (p=0.532).

The results of this study can be useful for selecting the tactics of 
surgical cerebral and coronary artery revascularisation, identifying 
the sequence of respective surgeries and time management.

Keywords: carotid and coronary arteries atherosclerosis, ce-
rebral and coronary arteries stenting, carotid endarterectomy. 

РЕЗЮМЕ 

ВЫЖИВАЕМОСТЬ БОЛЬНЫХ МУЛЬТИФОКАЛЬ-
НЫМ АТЕРОСКЛЕРОЗОМ, ПЕРЕНЕСШИХ ХИРУР-
ГИЧЕСКУЮ РЕВАСКУЛЯРИЗАЦИЮ КАРОТИДНО-
ГО И КОРОНАРНОГО БАССЕЙНОВ
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Цель исследования - определение отдаленной выживае-
мости больных сочетанным атеросклеротическим пораже-
нием церебральных и коронарных артерий, перенесших хи-
рургическую реваскуляризацию обоих бассейнов.

Исследование функции выживания проведено в шести 
группах пациентов с сочетанным атеросклеротическим по-
ражением церебральных и коронарных артерий, которым 
проведена реваскуляризация обоих бассейнов разными 
методами в различной последовательности и в различные 
сроки. В каждой группе проводили анализ функции выжи-
ваемости, начиная с 30 дня послеоперационного периода, 
используя оценку Каплана–Мейера. Сравнение функций 
выживаемости в разных группах проводили по логрангово-
му критерию (logrank test) Сравнение функций выживаемо-
сти проводилось в группах пациентов, которым применены 
альтернативные методики реваскуляризации каротидного и 
коронарного бассейнов.

На протяжении первых 5 лет после проведения реваску-
ляризации каротидного и коронарного бассейнов функция 
выживаемости практически не отличалась у пациентов, ко-
торым проведены эндоваскулярные операции для реваску-
ляризации обоих бассейнов (стентирование церебральных 
и коронарных артерий) и гибридные операции (стентирова-
ние коронарных артерий+каротидная эндартерэктомия). В 

период 5-10 лет после оперативного вмешательства лучше 
выживали пациенты после гибридных операций (р=0,026). 
Основными причинами смерти пациентов явились кардиаль-
ные и церебральные события, незначительная часть пациен-
тов умирала от других причин. Выживаемость пациентов на 
протяжении 10 лет после операции практически не отлича-
лась при проведении стентирования церебральных артерий 
перед аорто-коронарным шунтированием и при симуль-
тантной операции каротидная эндартериэктомия+аорто-
коронарное шунтирование (р=0,532).
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kvlevis mizans warmoadgenda grZelvadiani 
gadarCenis Sefaseba avadmyofebSi cerebru-
li da koronaruli arteriebis Serwymuli aT-
erosklerozuli dazianebiT, romelTac Cautar-
daT orive auzis qirurgiuli revaskularizacia. 
gadarCenis funqciis kvleva ganxorcielda pa-

cientebis eqvs jgufSi cerebruli da korona-
ruli arteriebis Serwymuli aTerosklerozuli 
dazianebiT, romelTac orive auzis qirurgiuli 
revaskularizacia Cautarda sxvadasxva meTodiT, 
sxvadasxva TanmimdevrobiT da sxvadasxva vadaze. 
TiToeul jgufSi gadarCenis funqciis analizi 
Kkaplan-meieris Sefasebis gamoyenebiT Catarda 
postoperaciuli periodis 30-e dRidan. gadarCe-
nis funqciis Sedareba pacientebis jgufebSi ka-
rotiduli da koronaruli auzebis revaskular-
izaciiT alternatiuli meTodikebis gamoyenebiT 
Catarda logrank test –is kriteriumiT.
karotiduli da koronaruli auzebis revasku-

larizaciis Catarebidan pirveli 5 wlis ganma-
vlobaSi gadarCenis funqcia pacientebSi, visac 
orive auzis revaskularizacia Cautarda endo-
vaskuluri operaciiT (cerebruli da koronaru-
li arteriebis stentireba) da pacientebSi, visac 
Cautarda hibriduli operacia (koronaruli ar-
teriebis stentireba+karotiduli endartereqto-
mia) praqtikulad ar gansxvavdeboda. operaciuli 
Carevidan 5-10 wlis Semdeg gadarCenis maCvene-
beli ukeTesi iyo hibriduli operaciebis Semdeg 
(р=0,026). pacientebis sikvdilis ZiriTad mizezebs 
kardialuri da cerebruli movlenebi warmoadgen-
da, sxva mizezebis gamo gardaicvala pacientTa um-
niSvnelo nawili. aortokoronaruli Suntirebis 
win cerebruli arteriebis stentirebaCatarebuli 
pacientebis da simultanur operaciaCatarebuli 
(karotiduli endartereqtomia+aortokoronaruli 
Suntireba) pacientebis gadarCena operaciis Semdeg 
10 wlis ganmavlobaSi praqtikulad ar gansxvavde-
boda (р=0,532). 


