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Kiro4oBi ciioBa: noconani amepockiepomuuni ypasxcenns yepeoparbhux i KOpoHapHux apmepiu, KapomuoHa
eHOapmepexKmomis

KinioueBble cJI0BA: couemannvle amepocKiepomuieckue nopaxcenus yepedpanbHolx U KOpOHapHulX apmepul,
KapomuoOHas 3HO0apmepIKmomus

Abstract. Results of treatment of patients with combined atherosclerotic lesions of the cerebral and coronary
arteries who underwent carotid endarterectomy at different terms before aortic-coronary bypass surgery.
Grigoruk S.P., Zorin M.O., Dudukina S.O. The quality of life of patients after surgical interventions in those of with
combined atherosclerotic lesions of the cerebral and coronary arteries remains a topical issue of modern medicine. The
purpose of the study: to analyze the results of treatment of patients with combined atherosclerotic lesions of the
cerebral and coronary arteries in the temporal aspect, who underwent carotid endarterectomy as the first stage of
treatment. The results of treatment of 112 patients were analyzed. All patients underwent simultaneous cerebral and
coronary angiography. After the operation, if new neurological symptoms appeared or a cardiological pathology
progressed, the angiographic study was performed again, and the results of this study were used to decide on further
tactics. Treatment results were evaluated 30 days, 5 and 10 years after ACBS. With the revealed indications for ACBS,
hemodynamically significant stenoses of the operated carotid artery were found in 10.7% of patients. Stenoses of other
cerebral vessels that required surgical correction (opposite ICA, VA) in 7.1%. These patients had cerebral artery
stenting before ACBS. In 9.8% of patients, indications were found for stenting of cerebral and coronary arteries, which
were performed in one session. In 5.4%, only coronary artery stenting was performed. In the remaining 75 patients
without indicated surgical correction of cerebral arteries ACBS was performed. So, in 3-5 years after CEE, ACBS was
performed in 35 patients, later than in 5 years — in 40 patients. In the postoperative period, ACBS TIA was registered
only in 4%, ischemic stroke — in 5.3%. The total lethality rate is 4%. The 10-year survival rate after myocardial
revascularization was 46% [CI 95% 58%; 34%]. the most intensive decrease in survival function was registered during
the first 5 years of follow-up (5-year survival rate 60% [71%, 48%)]. Carotid endarterectomy is an effective method of
treating atherosclerotic stenosis of the ICA and a method of preventing neurological complications in patients with
combined atherosclerotic lesions of the cerebral and coronary arteries with the progression of cardiac pathology.

Pedepat. PesyabraTu JikyBaHHS XBOPHX 3 MOEAHAHUMH ATEPOCKJIEPOTHYHUMH YpasKeHHSIMH liepedpaibHUX Ta
KOPOHAPHHUX apTepiii, IKHM BHUKOHAHA KaPOTH/IHA €HIapPTePeKTOMisi B Pi3Hi CTPOKM mepeq a0pTO-KOPOHAPHHM
mwyHTtyBanusm. ['puropyk C.II., 3opin M.O., Hynykina C.O. fxicme ocummsa nayienmie nicis Hpo8edeHux
oNnepamueHUX 6MpPYuars y NAYieHmie 3 NOEOHAHUMU AMEPOCKAEPOMUYHUMU YPAHCEHHAMU YepeOPATbHUX | KOPOHAPHUX
apmepii  3anUWAEMbCA  AKMYATOHUM RUMAHHAM  cyyachoi meduyunu. Mema Oocniodxcenns: npoauanizysamu
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4acoBoMy dacnekmi pe3yibmamu  JIiKYGAHHA NAYIEHMI8 3 NOEOHAHUMU AMEPOCKIePOMUYHUMU  YDAXHCEHHAMU
yepeopanbHUX i KOPOHAPHUX apmepill, AKUM NePpUuiUM emanom JiKY8aHHsA BUKOHAHO KAPOMUOHY eHOapmepeKmoMmiio.
Ilpoananizosano pesynromamu nikyeaunua 112 nayicumis. Ycim xeopum nposedeHa 0OHOMOMeHMHA yepebpanvHa i
Kkopouapoepagis. Ilicis onepayii npu nossi HOGUX HESBPOLOSIYHUX CUMNIMOMIE ab0 NpPoSpecy8anHi Kapoiono2iuHol
namonozii aneioepaghiune O0CHIONCEHHS BUKOHYBANU NOBMOPHO, 3d PE3YTbMAMamu sIK020 NPUUMALOCA PIUEHHS NPo
nodanvuty maxkmuxy. Pezynemamu nikysanns oyintosanu uepes 30 0i6, 5 i 10 poxis nicis AKII [lpu eusenenux
nokasaunax 00 AKIII eemoounamiuno 3Hauywi cmeHo3u onepupo8anoi connoi apmepii 3yempiuanucs 6 10,7% xeopux.
Cmenosu iHwux yepeopanrbHux cyouH, siKi eumaezanu xipypeiunoi xopekyii (npomunescua BCA, ITI4), y 7,1%. Lum
nayieumam neped AKI nposenu cmenmyganus yepeopanvrnux apmepii. ¥V 9,8% nayienmie eusneneni nOKa3aHHs 01
CMeHmy8ants YepeopanibHux i KOpOHapHux apmepii, AKi 0yau eukonauni 6 o0ny ceciio. ¥V 5,4% nposedeno minbku
CMeHmMY8aHHsA KOPOHapHux apmepiu. Pewmi 75 nayienmam, y sakux He Oy10 nokasamv 00 XipypeiyHOi Kopexyii
yepebpanvrux apmepiti, suxonysanu AKII. Tax, yepes 3-5 poxis nicis KEE AKIII suxonano 35 xeopum, nisHiute, Hidxc
uepe3 5 poxie — 40 nayienmam. Y nicnaonepayiiinomy nepiodi AKI TIA 3apeccmposana nuuwie 8 4%, iwemiunuti
incynem y 5,3%. 3acanvna nemanvnicme 4%. 10-piuna euswcusanicms nicia pegacKynapuzayii Miokapoa cmaHosund
46% [III 95% 58%, 34%)], Haiibinbw iHmencugHe 3HUNCEHHST (DYHKYIL GUICUBAHHS 3APEECMPOBAHO NPOMS2OM NEPUUX 5
Ppoxie cnocmepedcenns (5-piuna euscueanicmoe 60% [71%,; 48%]. Kapomuona endapmepexmomis € eghexmusHuM
Memooom niKyeanusi amepockiepomuynux cmernoszie BCA i memodom nonepedsicenns He8pON0IUHUX YCKIAOHEHb Y

nayienmie 3 NOECOHAHUMU AMEPOCKIEPOMULUHUMU  VDAICESHHAMU YepeOpaTbHUX |

npoepecysanti kapoiono2iunoi namoao2ii

In recent years, the main cause of death in
Ukraine is cardiovascular diseases, namely heart
attacks and brain strokes, the main cause of which is
atherosclerosis [1].

Recently, a lot of literature data on the treatment
of connected atherosclerotic lesions of the cerebral
and coronary arteries in patients with indications to
surgery on both circulations appeared. The results of
treatment have been well studied, and there is
ongoing discussion about the type, sequence, and
technique of surgeries [2, 3, 4, 5, 9]. Progress in the
diagnosis and treatment of combined atherosclerotic
lesions of the cerebral and coronary arteries is
unambiguous [7, 8, 10], but the question of quality
of life after surgical interventions remains relevant.

The purpose of the study: to determine the results
of treatment of patients with combined atherosclerotic
lesions of the cerebral and coronary arteries who
underwent carotid endarterectomy (CEE) at various
terms before aortic-coronary bypass surgery (ACBS).

MATERIALS AND METHODS OF RESEARCH

The results of treatment of 112 patients with
combined atherosclerotic lesions of the cerebral and
coronary arteries, who underwent carotid endarter-
ectomy (CEE) at the first stage were analyzed. At
the time of the CEE, all patients had atherosclerotic
lesions of the cerebral and coronary arteries, deter-
mined by using simultaneous coronary and cerebral
angiography, but surgical interventions were only
indicated on the carotid arteries. Repeated coronary
angiography was performed at various terms after
the CEE when symptoms of coronary artery disease
appeared or progressed. To determine the effecti-
veness of the performed CEE and the state of all
cerebral vessels, cerebral angiography was perfor-
med in a joint program simultaneously with coro-
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KOpOHAapHUuXx apmepiti  npu

nary angiography. A similar diagnostic program was
performed in patients with new neurological
symptoms. Treatment results were determined in 30
days, 5 and 10 years after ACBS.

General methods of statistical processing were
used in all patients. The presence of a relationship
between quality indicators was established on the
basis of y? criterion. To determine the strength of
the relationship between such indicators, the Kramer
conjugacy coefficient was determined based on
statistics  >. Evaluation of the survival function of
patients was performed using the Kaplan-Meyer
method [2]. Statistical analysis was performed in the
Jupyter Notebook application using Python. Jupyter
Notebook is an open source application and is
distributed free of charge under a modified BSD
license. To evaluate the survival function, we used
the lifelines survival analysis library, which is also
free and distributed under the MIT license.

RESULTS AND DISCUSSION

In 37 (33%) patients, cerebral arteries stenosis
and/or coronary artery stenosis were detected during
the examination and their surgical correction was
indicated.

With the revealed indications for ACBS, hemo-
dynamically significant stenoses of the operated
carotid artery were observed in 12 (10.7%) patients.
Stenosis of other cerebral vessels requiring surgical
correction (opposite ICA, VA — in 8 (7.1%). These
patients underwent endovascular surgery on the
cerebral arteries before ACBS. In 11 (9.8%) pa-
tients, indications for stenting of the coronary and
cerebral arteries were found (in 2 operated — ICA, in
7 — the opposite ICA, in 2 — VA), which were per-
formed simultaneously. Coronary artery stenting
was performed in 6 (5.4%) patients. ACBS was
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performed in other 75 patients who did not have
indications for surgical correction of cerebral arte-
ries, after establishing the indications. So, in 3-
S years after CEE, ACBS was performed in 35
patients, and in more than 5 years — in 40 patients.
Complications after CEE were significantly as-
sociated with obesity (p=0.00003) — 100% of obese
patients had various complications, the presence of

overflows according to CAG (p=0.000001) — 30.8%
of patients without overflows had complications, and
slightly associated with the presence of an ischemic
focus according to CT (p=0.02) — 28.6% of patients
had complications.

The frequency and complications after CEE are
presented in the table (Table 1).

Table 1

Frequency of complications after carotid endarterectomy in patients with combined
atherosclerotic lesions of the cerebral and coronary arteries who underwent carotid
endarterectomy before aortic-coronary bypass surgery

Complication

Frequency

Angina in the postoperative period
AMI

TIA

Ischemic stroke

Hyperperfusion syndrome
Hypotension

PATE

14.7% (11)
1.3% (1)
4% (3)
4% (3)
5.3% (4)
2.7% (2)

1.3% (1)

Angina in the postoperative period was the most
frequent complication of the early postoperative
period and was statistically more common in AMI
(p=0.002) and hypotension (p=0.022) than in TIA
(p=0.022) and ischemic stroke (=0.022). All patients
with complications received intensive care according

to international standards. Urgent coronary angio-
graphy was performed in patient who was found to
have signs of AMI, and no indications for operative
revascularization were found.

The general results of treatment after CEE are
presented in the table (Table 2).

Table 2

Results of treatment after carotid endarterectomy in patients
with combined atherosclerotic lesions of the cerebral and coronary arteries
who underwent carotid endarterectomy before aortic-coronary bypass surgery

Result Frequency
General improvement without regression of symptoms 44% (33)
Complete regression of neurological symptoms 48% (36)
Partial regression of neurological symptoms 4% (3)
Aggravation of symptoms 1.3% (1)
Without changes 2.7% (2)
Death 0% (0)
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The table shows that the statistical majority of
patients had complete regression of neurological
symptoms and general improvement without regres-
sion of neurological symptoms in comparison with
other treatment results. The number of patients with
worsening and patients without changes in neuro-
logical status did not differ statistically (p=0.3).
After performing CEE, 78.8% of patients without
complications and 22.2% of patients with compli-
cations had complete regression of neurological
symptoms. The presence of factors that influenced
the results of treatment: neurological deficit before
surgery (p=0.02), the absence of flows by CAG

(p=0.02), the presence of VA stenosis (p=0.015), the
occurrence of complications (p=0.003) was statis-
tically confirmed

During the 10-year follow-up period, 11 (14.7%)
patients had general brain symptoms according to
the questionnaire, and 8 (10.7%) had TIA.

After ACBS, 81% of patients withput complica-
tions after CEE and 19% of patients with various
complications after CEE had complete regression of
cardiac symptoms.

After performing ACBS, the following compli-
cations were observed in patients of this group
(Table 3).

Table 3

Frequency of complications after ACBS in patients
with combined atherosclerotic lesions of the cerebral and coronary arteries
who underwent carotid endarterectomy before aortic-coronary bypass surgery

Complication

Frequency

No complications

Angina in the postoperative period
AMI

TIA

Ischemic stroke

61.3% (46)
25.3% (19)
4% (3)
4% (3)

53% (4)

There were statistically more patients without
complications than patients with complications
(p=0.00002). Significantly more patients had angina
in the postoperative period than AMI (p=0.0001),
ischemic stroke (p=0.0004), and TIA (p=0.015). The

frequency of AMI and ischemic stroke was almost
identical (p=0.69).

During the statistical analysis, factors affecting
the occurrence of complications and treatment
results after ACBS were identified (Table 4).

Table 4

Factors affecting the overall results of treatment of patients
with combined atherosclerotic lesions of the cerebral and coronary arteries

Factors that influence the occurrence of complications

Factors affecting treatment outcomes

history of AMI (p=0.001)

obesity (p=0.003)

neurological deficit before surgery (p=0.023)
chronic pyelonephritis (p=0.018)
complications after CEE (p=0.024)

gender (p=0.029)

functional class of angina (p=0.044)

no overflows according to CAG data (p=0.039)
AMI history (p=0.003)

the presence of complications after ACBS (p=0)
results after CEE (p=0.00002)

Thus, complications in the postoperative period
after ACBS were observed in 20.7% of patients with
a history of AMI, 69% of patients with chronic
pyelonephritis, 96.6% of patients with obesity, and
75.9% of patients with neurological deficits. Impro-
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vement of the condition after surgery occurred in
100% of patients without a history of AMI, 100% of
the deceased patients had a history of AMI, although
the overall results of treatment did not differ much
except for mortality (Table 5).
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Table 5

Results of treatment in patients with combined atherosclerotic lesions of the cerebral
and coronary arteries who underwent carotid endarterectomy
before aortic-coronary bypass surgery, depending on the presence of AMI in the history

At | Tmprmemenc | Rearesion | Pl | pgermaton | W0y
None 17.7% (11) 58.1% (36) 14.5% (9) 8.1% (5) 1.6% (1) 0% (0)

Present 0% (0) 46.2% (6) 15.4% (2) 15.4% (2) 0% (0) 23.1% (3)

P p=0225 p=0.432 p=0.726 p =0.764 p=0.385 p =0.002

66.7% of patients with AMI in the postoperative
period and 5.3% with angina and heart failure that
occurred after ACBS died. 33.3% of patients with
AMI and 75% of patients with ACA had a dete-
rioration in their condition. Complete regression of
cardiac symptoms was observed in 65.2% of patients
without complications after ACBS. Partial regression
of cardiac symptoms was observed in 15.2% of pa-
tients without complications, and in 21.1% with angina
in the postoperative period. 25% of patients with ACA
had no changes in the course of cardiac symptoms.

In 27.3% of patients with general improvement
without regression of neurological symptoms after
CEE, there was improvement after ACBS, in 36.4%
— regression of cardiac symptoms, in 12.1% — partial
regression, in 15.2% — deterioration, in 3% changes
were not observed, 6.1% of patients died. In patients
with complete regression of neurological symptoms
after CEE, only 5.6% had improvement, 80.6% had
complete regression of cardiac symptoms, 11.1%

had partial regression, and 2.8% had deterioration.
All patients with partial regression of neurological
symptoms and deterioration had similar changes in
cardiac symptoms. One patient, whose neurological
condition did not change after CEE, had a complete
regression of cardiac symptoms, and the other died 3
days after ACBS. Complete regression of cardiac
symptoms was observed in 56% of patients, partial
regression was observed in 14.7%, and deterioration
was observed in 9.3% of patients.

The total mortality rate in patients with combined
atherosclerotic lesions of the cerebral and coronary
arteries who underwent carotid endarterectomy at
different terms before aortic-coronary bypass sur-
gery was 4% (3 patients).

When calculating the survival function in patients
with combined atherosclerotic lesions of the cerebral
and coronary arteries, who underwent CEE before
ACBS, a 10-year survival after myocardial revascu-
larization was 46 % [CI 95% 58%; 34%] (Fig.).
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Curve of survival functions in patients with combined atherosclerotic lesions of the cerebral
and coronary arteries who underwent carotid endarterectomy before aortic-coronary bypass surgery
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Figure also shows that the decrease in survival
function was observed more intensively during the first
5 years of follow-up (5-year survival — 60% [71%;
48%], and during the observation period of 5-10 years,
the function graph was almost at the plateau level.

CONCLUSIONS

Carotid endarterectomy is an effective method of
treating atherosclerotic stenosis of the ICA and a

method of preventing neurological complications in
patients with combined atherosclerotic lesions of the
cerebral and coronary arteries with the progression
of cardiac pathology for 5 years or more.

Conflict of interests. The authors declare no
conflict of interest.
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