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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) coronary 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
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simultaneous cerebral and coronary artery stenting (CERAS
+ CORADS). 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 ¢ was calculated according to the following formula [5]:
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I = number of patients who survived up to time point i
excluding the deceased.

The confidence interval of survival at time point 7 with a con-
fidence probability of 1 — a was determined according to the
following formula [5]:
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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:
p=2(1-2()

s

where @ (D) = standard normal distribution.

If p ® 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.
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Fig. 1. Survival rate in patients with combined atherosclerotic
cerebral and coronary artery lesions who underwent CEA at
various time periods prior to CABG
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Fig. 3. Survival rate in patients with combined atheroscle-
rotic cerebral and coronary artery lesions who subsequently
underwent CERAS and CORAS
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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.
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Fig. 2. Survival rate in patients with combined atherosclerotic

cerebral and coronary artery lesions who underwent CERAS
prior to CABG
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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
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Fig. 7. Comparison of 10-year survival rate functions be-
tween CERAS performed prior to CABG and for simultaneous
CEA + CABG
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Fig. 9. Comparison of 10-year survival rate functions between
CORAS prior to CEA and simultaneous CORAS + CERAS

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%].
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Fig. 6. Survival rate in patients with combined atherosclerotic
cerebral and coronary artery lesions who underwent simultane-
ous CEA + CABG
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Fig. 8. Comparison of 10-year survival rate functions between
endovascular revascularisation of both territories (CERAS +
CORAS) and combined surgery (CORAS + CEA)
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Fig. 10. Comparison of 10-year survival rate functions be-
tween endovascular surgery with sequential and simultaneous
CERAS + CORAS

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 S-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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REFERENCES

1. Cheng H, Udesh R, Mehta A, Thirumala PD. Perioperative
strokes after coronary artery bypass grafting with staged carotid
endarterectomy: A nationwide perspective. / J Clin Anesth.
2017 Jun;39:25-30.

2. Chiariello L, Nardi P, Pellegrino A, Saitto G, Chiariello GA,
Russo M, Zeitani J, Versaci F. Simultaneous carotid artery stent-
ing and heart surgery: expanded experience of hybrid surgical
procedures. // Ann Thorac Surg. 2015 Apr;99(4):1291-7.

3. Chiti E1, Troisi N, Marek J, Dorigo W, Innocenti AA, Pulli R,
Stefano P, Pratesi C. Combined carotid and cardiac surgery: im-
proving the results. //Ann Vasc Surg. 2010 Aug;24(6):794-800.
4. Feldman DN, Swaminathan RV, Geleris JD, Okin P, Minutello
RM, Krishnan U, et.al. Comparison of Trends and In-Hospital
Outcomes of Concurrent Carotid Artery Revascularisation and
Coronary Artery Bypass Graft Surgery: The United States Ex-
perience 2004 to 2012. // JACC Cardiovasc Interv. 2017 Feb
13;10(3):286-298.

5. Hosmer D., Lemeshow S., May S. Applied Survival Analysis:
Regression Modeling of Time-to-Event Data. 2" ed. New York:
John Wiley & Sons, 1999. 416 p.

6. Paraskevas KI, Nduwayo S, Saratzis AN, Naylor AR. Ca-
rotid Stenting Prior to Coronary Bypass Surgery: An Updated
Systematic Review and Meta-Analysis. / Eur J Vasc Endovasc
Surg. 2017 Mar;53(3):309-319.

7. Pinto Sousa P, Teixeira G, Gongalves J, Veiga C, Sa Pinto P,
Brandédo P, Canedo A, Vouga L, Almeida R. Carotid Stenosis in
Cardiac Surgery Patients. // Rev Port Cir Cardiotorac Vasc. 2017
Jul-Dec;24(3-4):126.

8. Ren S1, Liu P, Ma G, Wang F, Qian S, Fan X. Long-term
outcomes of synchronous carotid endarterectomy and coronary
artery bypass grafting versus solely carotid endarterectomy. //
Ann Thorac Cardiovasc Surg. 2012;18(3):228-35.

9. Zhang J, Xu RW, Fan X, Ye Z, Liu P A Systematic Review of
Early Results Following Synchronous or Staged Carotid Artery
Stenting and Coronary Artery Bypass Grafting. // Thorac Car-
diovasc Surg. 2017 Jun;65(4):302-310.

SUMMARY

SURVIVAL RATE IN MULTIFOCAL ATHEROSCLE-
ROSIS PATIENTS WHO UNDERWENT SURGICAL CA-
ROTID AND CORONARY TERRITORIES REVASCU-
LARISATION

’Grygoruk S., "*Sirko A., *Dudukina S., SMatsuga O.
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istry of Healthcare of Ukraine; *Public Institution, Mechnikov
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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.
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BBI’)KUBAEMOCTDB BOJIBHBIX MYVYJIbTU®OKAJb-
HbBIM ATEPOCKJIEPO30M, IIEPEHECHIUX XHUPYP-
I'MYECKYIO PEBACKYJ/ISIPU3ALIMIO KAPOTUIHO-
'O M KOPOHAPHOI'O BACCEMTHOB

Tpuropyk C.IL, "*Cupko A.T., ?Iynykuna C.A.,
SMauyra O.H.

'Y Jlnenponemposckas meduyunckas akaoemust, Munucmepcmeo
30pasooxpanenust Ykpaunol; *I'Y [[nenponemposckas obnacmmas
raunuveckas oonornuya um. MU, Meunukoea, /Jnenp, dnenpos-
ckuti Hayuonanvhulil ynueepcumem um. O. [onuapa, Ykpauna

Lenb uccnenoBanus - ONpenesieHue OTAalIeHHOW BbDKHBAe-
MOCTH OOJIBHBIX COYETAHHBIM aTEPOCKICPOTHIECKUM MOpaKe-
HHEM LiepeOpaibHbIX U KOPOHAPHBIX apTepPHil, HEPEHECIINX XHU-
PYPrHYECKYIO peBacKysipu3anmio oboux dacceiHoB.

I/ICCJ'le):[OBaHI/Ie q)yHKLlI/II/I BbDDKMBaHUA ITPOBEACHO B IMICCTU
rpymnmnax rnauueHTOB € COUYCTAaHHBIM aT€POCKICPOTUYECKUM I10-
paskeHHEM LepeOpabHBIX U KOPOHAPHBIX apTepUid, KOTOPBIM
IpOBeJIeHa peBacKyisIpu3anusi o0oux OacceiiHOB pasHBIMU
MCTOAaMH B pa3J'II/I'~lHOl\;l IMOCJICA0BATCIIbHOCTH U B Pa3JIMYHbIC
cpoku. B kaxmoii rpymre npoBoanin aHannu3 QYHKIUN BbDKHU-
BaeMOCTH, HauuHas ¢ 30 AHA MOCIEONepallioOHHOIO IepHosa,
ucnone3ysi oueHky Kammana—Meiiepa. CpaBHeHne QyHKIUIA
BBDKMBACMOCTH B PAasHbIX I'pyIIiax MpoBOAUIIA T10 JIOIPAHI'OBO-
My kpurepuio (logrank test) CpaBHeHHe QyHKIMI BBDKABAEMO-
CTH IPOBOAWJIOCH B rpymniiax nague€HTOB, KOTOPbIM IIPUMEHEHDI
AJIBTEPHATUBHBIC METOAUKH PEBACKYJIAPU3ALUN KAPOTUIHOTO U
KOPOHAPHOTO 0aCCEHHOB.

Ha npotsbxenun nepBbIX S JIeT Mocie NPOBEICHUS PEBACKY-
JSIPU3ALMK KapOTHAHOTO U KOPOHAPHOTO OacCeiHOB (yHKLUS
BBDKHMBACMOCTH IIPAKTUYCCKU HE OTIIMYAJIACh Y IallMCHTOB, KO-
TOPBIM TPOBECHBI YHIOBACKYIISIPHBIC ONIEPALUH JUIsS PEBACKY-
Jsipu3alyd 000ux OacceifHOB (CTEHTHPOBAaHHE LiepeOpaIbHBIX
Y KOPOHAPHBIX apTepHil) U T’HOPHIHbIC OIepaluy (CTEHTUPOBA-
HHE KOPOHApHBIX apTepui+KapoTHAHAs 3HIapTepIKToMus). B
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nepuon 5-10 jer mocie onepaTMBHOTO BMELIATEIbCTBA JyUIle
BBDKMBAJIM MAIMEHTHI Mociie THOpuAHbIX onepauuid (p=0,026).
OCHOBHBIMH ITPUYUHAMH CMEPTH MALIUSHTOB SIBUJIMCH KapAHallb-
HbIE U LiepeOpalibHbIe COOBITHSI, HE3HAYUTEIbHAS YaCTh MaleH-
TOB yMHpaa OT IPYruX Npu4nH. BEDKMBaeMOCTb MAlMEHTOB Ha
npotsbkeHuu 10 s1eT mociie onepanyuy NpakTHYECKH He OTInYa-
JIach MPU HPOBECHUM CTEHTUPOBAHUS LepeOpanbHbIX apTepuii
Hepesl aopTO-KOPOHAPHBIM LIYHTHPOBAHHUEM M IPU CHMYIIb-
TAQHTHOM oOllepaluy KapoTHAHAs dHIAPTEPHIKTOMHS+A0PTO-
KopoHapHoe 1myHTtuposanue (p=0,532).
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