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SYMPTOMATIC AND SILENT CEREBRAL ISCHEMIA (DETECTED ON MRI) IN PATIENTS

WITH TYPE 2 DIABETES MELLITUS AFTER CAROTID REVASCULARIZATION
PROCEDURES
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BACKGROUND: Type 2 diabetes mellitus (T2DM) is a significant independent risk factor for ischaemic stroke. Carotid revas-
cularisation procedures are an effective method of primary and secondary stroke prevention. However, patients developed
postoperative acute ischaemic lesions (AlLs), which were identified via magnetic resonance imaging (MRI) of the brains. Most
of the patients with these AlLs lack clinically overt symptoms.

AIMS: To assess the risk of ischaemic brain damage in patients with T2DM in the setting of carotid angioplasty with stenting
(CAS) or carotid endarterectomy (CAE).

MATERIALS AND METHODS: This open prospective study comprised of 164 patients with carotid atherosclerosis, who have
undergone either CAS or CAE. Patients with T2DM were included in Group 1: 38 patients and 28 patients with CAE. Group 2
included patients without T2DM: 62 patients with CAS and 36 patients with CAE. All patients underwent a thorough neuro-
logical examination and diffusion-weighted brain MRI. In patients with T2DM, plasma glucose levels and glycated haemoglo-
bin (HbAk) were determined and their relationships to brain damage were evaluated.

RESULTS: In CAS, there were no statistically significant differences in the AL frequency in patients with and without T2DM.
AlLs were found in 15 patients with T2DM (39.8%) and 29 patients without T2DM (46.8%, p = 0.24); three patients without
T2DM were diagnosed with stroke. Of the 28 patients with T2DM who underwent CAE, 13 had AlL (46.4%); three had stroke
(10.7%). In patients without T2DM, AlLs were less prevalent in seven cases (19.4%, p = 0.012) and appeared asymptomatic.
Following CAS, the baseline HbA, levels were higher in patients with T2DM who developed AlLs compared to those who did
not develop AlL, 7.8% + 1.4% vs 7.1 = 1.1% (p = 0.0469). Negative impact of hyperglycaemia on the risk of cerebral ischaemia
was observed in patients who underwent CAE, the baseline fasting plasma glucose level was 8.5 = 1.9 mmol/l vs 7.0 £ 1.5
mmol/l in patients without AIL (p = 0.014). The baseline HbA, levels in patients with and without AlLs were 8.0% *+ 1.7% and
6.9% + 0.9% respectively (p = 0.023).

CONCLUSIONS: Carotid revascularisation procedure for patients with carotid atherosclerosis may be associated with risk of
stroke and asymptomatic acute cerebral ischaemic lesions, which are more prevalent in patients with T2DM. Also, increased
HbA _levels is a risk factor for AlL.
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CMMNTOMHAA U ACUMNTOMHAA UMLLEMWA rOJIOBHOIO MO3rA (MO AAHHbIM MPT)
Y BOJIbHbIX CAXAPHbIM JUABETOM 2 TUMNA NMOCJNE KAPOTUAHON PEBACKYJNIAPU3ALUN
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OBOCHOBAHME. CaxapHblii grnabet 2 Tuna (C2) — BaXXHeNWWin He3aBUCKMbIA GaKTOP PUCKA ULLIEMUNYECKOTO MHCYNbTa.
AHIMOPEKOHCTPYKTMBHbIE OMepauny Ha COHHbIX apTepuax ABNAIOTCA 3GEKTUBHLIM METOAOM NEPBUYHON U BTOPUYHOM
nNpodrNakTUKM MHCYNbTa. Y paga nauueHToB, NepeHeclnX KapoTUAHYI0 peBacKynapmusaLmio no noBogy CTeHo3upyloLle-
ro aTepoCK/iepo3a COHHbIX apTePUIA, MPY MarHUTHO-pe3oHaHCcHoM Tomorpadum (MPT) BbIABAAIOTCA OCTPble oYary uwemun
Mmo3ra (OOW), B TOM umnciie He CONPOBOXAAOLLMECA HEBPOOTMYECKON CUMMNTOMATUKON.

LLEJIb. OueHKa prcKa nwemMmyeckoro noBpexaeHnsa ronoBHOro Mo3sra y nayuneHTos ¢ C[12 npy npoBefeHnn Xnpyprmyecko-
ro fieyeHns aTepoCKIepPOTUYECKOro CTeHO3a BHYTPeHHe COHHom apTepum (BCA).

METO/bI. B oTkpbIToe npocnekTMBHOEe UCCefoBaHMe BKOYeHbl 164 naumeHTa CO CTEHO3MPYIOLWUM aTepoCKiepo3oM
BCA, nepeHeclive onepauny KapoTUAHOW aHIMOMIACTUKNA CO cTeHTMpoBaHveM (KAC) nnbo KapoTuaHOW SHAAPTEPIKTO-
muwn (K9A3). Mepsyto rpynny coctaBuamn naumeHTsl ¢ CA2: nogrpynna KAC - 38 naumeHnTos, nogrpynna KA — 28 60/bHbIX.
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Bo 2-to rpynny Bownu 6onbHble 6e3 CA: nogrpynna KAC — 62 naumeHTa, nogrpynna K3AS — 36 nauuneHToB. Bcem 60/bHbIM
B AUHaMVKe NPOBOAMUIIACH OLeHKa HEBPOJIOrMYecKoro ctaTyca 1 anddysnoHHo-s3BelleHHas MPT ronosHoro mo3sra. Y 6onb-
Hbix C[12 onpenenanu nokasaTenu roKo3bl Miaasmbl U MMKUPOBAHHOIO reMornobunHa (HbAk), OLeHMBanu Nx CBA3b C NOBpe-
XKOeHneM BeLlecTBa ronoBHOro Mo3ra.

PE3YJIbTATbI. Mpu nposepeHnn KAC CTaTUCTUYECKU 3HAUYMMbIX OTAMYMIA MO YactoTe pa3sutua OOW y 6GonbHbix CL2
1 6e3 TakoBoro He nonyuyeHo. OO BbisiBneHbl y 15 (39,8%) nauuneHnToB rpynnbl C42 n'y 29 (46,8%) 6onbHbix 6e3 C[] (p=0,24),
npwv 3ToM B 3 cnyyasx y 60mbHbIx 6e3 C[] AnarHOCTUPOBaH MlemMnyecknini UHCynbT. Cpeau 28 nauymeHTos ¢ CL12, nepeHeciumnx
K3A3,y 13 (46,4%) B BelLeCTBe rofloBHOro mo3sra BbisiBiieHbl OOV; B 3 (10,7%) cnyyasx — nHcynbT. OO y naumeHToB 6e3 C[12
BbIABNANUCH pexe — B 7 (19,4%) cnyyasx (p=0,012) 1 6binn TONbKO acuMnTOMHbIMU. MicxoaHbin HbA, 6bin Bbile y 6011bHbIX
Ch2, umeswnx OOU nocne BoinonHeHust KAC: 7,8+1,4% vs 7,1+£1,1% (p=0,0469) — 6e3 ouyaroB. HeraTnBHoe BAUsiHNE runepr-
NIMKEMUUN Ha PUCK ULLEMUYECKX N3MEHEHMWIN MO3ra BbIABSIEHO U B rpymnmne nauueHToB, nepeHecwnx KIAD: ncxogHo rnuke-
MUA HaToWakK cocTaBmna 8,5+1,9 mmonb/n vs 7,0+1,5 Mmonb/n y 60bHbIX 6€3 niwemnyeckrx oyaros (p=0,014). McxomHbii
HbA, y 60nbHbix, mesnx OOW, coctasun 8,0+1,7% vs 6,9+0,9% y naumeHTos 6e3 nospexaeHnsa mosra (p=0,023).

3AKJTIOYEHUE. MNpoBegeHne aHIMOPEKOHCTPYKTUBHbIX OmnepaLuil y 60/1bHbIX CO CTEHO3UPYIOLWMM aTepocknepo3om BCA
MO>eT CONPOoBOXKAATbCA GOPMMPOBAHMEM OYAroB ULLEMUN MO3ra. PUCK BO3HMKHOBeHMA 6eccumntoMHbix OOU yBenuumBa-
eTca npw nosbiweHu HbA, n BbinonHeHnn KAC.

KJIFOYEBDBIE CJIOBA: caxapHbili Quabem 2 muna; UHCYys1bm; KaGpomuoHAs aH2UONIacmuka co CmeHmuposdaHuem; KapomuoHas 3Hodp-

mep3KMOMUA; o4deu uwemuu 20J1I08HO20 M0o32a

Acute disorders of cerebral circulation (DCC) represent
a significant medical and social problem, often leading
in the rate of morbidity and mortality. In Russia, acute
DCC is the second most common cause of death among
patients with both type 1 and type 2 diabetes mellitus
(DM) [1]. Moreover, 90% of strokes are potentially
preventable with timely and efficient intervention [2].
It is known that DM is the most significant independent
risk factor for ischaemic stroke (IS) [3]. Measures taken
by the medical community to eliminate risk factors for
vascular diseases over the past decades have led to a
significant decrease in IS frequency. However, along with
important progress in the normalisation of systolic blood
pressure and reduction in the prevalence of smoking,
the incidence of DM is increasing progressively, playing
a negative role in this positive tendency. The prevalence
of DM among stroke patients doubled from 1995 to
2012, and the current trend is that it will continue to
increase [4].

In the vast spectrum of etiopathogenetic mechanisms
of the onset of IS, the pathology of extracranial arteries
(mainly of atherosclerotic genesis) plays a large role [5].
The data of contemporary studies indicate that significant
stenoses are recorded in 37% of patients with IS along
with DM type 2 (DM2) [6]. This raises a question about
the need for active measures for primary prevention
of DCC and for the prevention of their recurrence.
Treatment of patients with DM involves complex cross-
disciplinary interventions aimed at reducing the risk of
vascular events and death, with some cases requiring
surgery for carotid arteries. Carotid revascularisation
has proven to be an effective method of treatment for
carotid artery stenosis, with the aim of both primary and
secondary prevention of stroke and reduction of the risk
of death [7]. Currently, carotid endarterectomy (CEAE) is
the gold standard for treatment of hemodynamically-
significant carotid artery stenosis. Carotid angioplasty
with stenting (CAS) is an alternative to endarterectomy
in patients with higher risk for open intervention [8].
Angioreconstructive surgery is a procedure that not
only prevents the development of stroke, but it also

improves the patient’s health and subsequent quality
of life. The benefits of the outcome generally outweigh
the surgical risk. However, in some cases (4.1%-6.17%), a
perioperative stroke may develop, which is an increased
risk in patients with a history of DCC[9, 10]. Even transient
may lead to white matter damage, which is a substrate
for increasing the risk of chronic cerebral ischaemia with
subsequent development of cognitive impairment [11].
However, there are reports that the influence of CAS
and CEAE on the cognitive functions of patients after
surgery is not significantly different [12]. Performing
angioreconstructive surgery not only contributes to
the prevention of acute DCC but also has a kind of
neuroprotective effect, characterised by improvement in
speech functions, attention and praxis [13].

Contemporary neurology has convincing information
confirming the contribution of DM to the development
of perioperative complications such as IS, haemorrhagic
stroke, myocardial infarction and death from all
causes [14]. In recent years, due to the widespread use of
neuroimaging methods with various magnetic resonance
imaging (MRI) techniques, information has been obtained
on the possibility of the appearance of brain lesion
nodules [15] in patients with carotid revascularisation in
their history, without the concomitant development of
neurological symptoms. The role of DM in the occurrence
of brain lesion that is ‘silent’ in its course has not been
adequately studied.

AIM

This study aimed to assess the risk of ischaemic brain
lesion in patients with DM2 during the surgical treatment
of atherosclerotic stenosis of the internal carotid artery
(ICA).

METHODS
Study design

The study design was an open prospective study.
It included 164 patients observed in the Research
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Center of Neurology from 2015 to 2017 with

atherosclerotic steno-occlusive lesion of the ICA,
including 66 patients with DM2.
Depending on the type of surgical treatment

performed within the groups, the patients were divided
into subgroups of open (CEAE) and endovascular
(CAS) intervention. A general clinical and neurological
examination, assessment of the neurological status and
neuroimaging of the brain (MRI) were performed before
the surgery and 24 h after surgery.

Inclusion criteria

Patients who met the following two criteria were
included in the study: 1) Atherosclerotic lesions of the
carotid arteries could have clinical manifestations, in
which case ‘symptomatic’ stenosis was diagnosed. Less
commonly, this pathology did not have specific symptoms
of a carotid system lesion (‘asymptomatic’ stenosis). In
our study, stenosis was regarded as symptomatic if the
patient had a cerebral circulation disorder in the system
of hemodynamically-significant stenosis during the last
six months. It was considered asymptomatic if there were
no clinical symptoms of cerebral or retinal ischaemia on
the ipsilateral (in relation to stenosis) side of the brain.

2) CEAE and CAS were recommended as surgical
interventions for the prevention of stroke for patients
who were symptomatic with stenosis of the ICA lumen of
more than 50% or who were asymptomatic with stenosis
of more than 70% [16]. The choice of revascularisation
method was based on the experience of previous studies,
considering clinical data and ultrasound examination
results showing the degree of steno-occlusive lesion,
structure and extent of atherosclerotic plaque in the
ICA[17,18,19].

This study did not include patients admitted for
the treatment of carotid stenoses caused by intimal
hyperplasia or restenosis after previous surgeries.

The main contraindications to performing surgery
were acute IS stage, the presence of severe neurological
and cognitive impairments, tandem stenosis of the ICA
greater than 50% at the level of the siphon or main
trunk of the middle cerebral artery, multiple lesions
of the extra- and intracranial arteries, severe somatic
pathology, etc. For patients with DM2, hyperglycemia
with acute metabolic decompensation and ketoacidosis
were included.

Implementation conditions

The study was conducted from 2015 to 2017 in the
neurosurgical department by a team of vascular and
endovascularsurgery of the Scientific Center of Neurology
and the Department of General Angioneurology.

Description of medical intervention

All patients underwent angioreconstructive surgery
on the carotid arteries. CEAE from the internal carotid
artery or carotid angioplasty with stenting of the internal
carotid artery (using a filter-type protective device) was
performed. CEAE was performed in all patients according
to the classical method. Angioplasty with stenting was
performed on a biplane apparatus (Innova 3131, GE).
Diagnostic X-ray contrast angiography was performed

by the standard method using Seldinger transfemoral
access before and after stenting. The system of anti-
embolic protection of the brain was used as filter traps
made by Boston Scientific (USA) and Fibre-Net (Italy).
For stenting of the carotid arteries, self-expanding
conical nitinol stents (Invatec, Italy) without coating
were used, with diameters of 6-9 x 40 mm and 7-10 x 40
mm. During carotid interventions, all patients received
an intravenous bolus dosing of heparin to achieve
a systemic anticoagulant effect. After endovascular
intervention, double antiplatelet therapy was prescribed,
namely aspirin (long-lasting) and clopidogrel (for three
months). The surgeries were performed in the absence
of contraindications, which included control of blood
pressure. Intraoperatively, anaesthetic support ensured
that the selected target level of blood pressure was
maintained, and close monitoring was performed with
the maintenance of central hemodynamics at all stages
of the surgery.

All patients were examined to determine the presence
of a neurologic impairment on the National Institutes
of Health Stroke Scale (NIHSS) [20], and brain matter
was also examined using diffusion-weighted (DW)-MRI
using a 3-T magnetic field strength (Magnetom Verio 3-T,
Siemens) before the surgery and 24 h after surgery.

Plasma glucose and glycated haemoglobin (HbA, )
levels were determined in patients with DM2, and their
potential association with brain matter lesion was also
assessed.

Patients received antihyperglycemic therapy in the
perioperative period in accordance with the algorithms
for providing medical care to patients with DM [21].

Primary outcome of the study

The main indicators evaluated during the study were
the development of stroke and/or the formation of acute
ischaemic nodules (AIN) in the brain matter (according
to DW-MRI).

Analysis in subgroups

The total sample of 164 patients who underwent
angioreconstructive surgery was divided into two
groups, patients with DM2 (n = 66) and patients without
DM2 (n =98). The division into subgroups was performed
depending on the type of surgical intervention (CAS
and CEAE). Group 1 consisted of patients with DM2; 38
patients were included in the CAS subgroup, and 28
patients were in the CEAE subgroup. Group 2 consisted
of patients without DM and comprised 62 patients in the
CAS subgroup and 36 patients in the CEAE subgroup.

Methods of registration of outcomes

All  patients underwent clinical neurological
examination, general clinical and biochemical studies
with the following indicators: glucose (using the
hexokinase method), lipid pattern (total cholesterol, low
density lipoprotein cholesterol (LDL), triglycerides (TG)).
For patients with DM2, the HbA1c level was evaluated (by
immunoturbidimetric technique) using an automatic
biochemical analyser (Konelab 30i). For diagnosis of
atherosclerotic lesion of the major arteries of the head,
colour duplex ultrasonography was performed.
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The state of the brain matter before the intervention
and 24 h after was determined by the results of DW-MRI. To
identify small nodules, the lesion of the brain matter was
assessed using DW images (with a DW factor of b = 1000) [22].

Ethical expertise

The study was approved by the local ethical committee
of the Research Center of Neurology (Minutes No. 11/14
of 19 November 2014). At hospitalisation, patients
were informed about the possible use of their data for
scientific purposes. Prior to cerebral revascularisation,
written informed consent was obtained from all patients.
Patients remained anonymous in subsequent data
analysis.

Statistical analysis

The study was exploratory in nature, and the sample
size was not calculated previously. Statistical analysis was
performed on an Intel-compatible personal computer
using Microsoft Excel 2000, Statistica 6.0 for Windows.
According to the study design, the Kolmogorov-Smirnov
criterion was used to test the hypothesis of normal

Table 1. Clinical characteristics of the examined patients

distribution. With normal distribution of signs, the results
were described as mean + standard deviation. When
the distribution of a sign was other than normal, data
were presented as a median of values [value of upper
and lower quartiles]. To test the difference hypothesis,
Mann-Whitney, U-test, Wilcoxon and matched pairs
test were used. To compare the proportions in the
two independent groups, Fisher’s ratio test and chi-
square were used. Results were considered statistically
significant with differences between the compared
indicators with a significance level of at least p < 0.05,
unless otherwise specified. To construct a model
explaining the dependence of AIN occurrence on several
cofactors, the logistic regression method was used.

RESULTS

Participants of the study

Table 1 presents characteristics
participants.

Patients in groups 1 and 2 did not have statistically
significant differences in age, gender or concomitant

of the study

.. Group 1, DM2 Group 2, without DM
Characteristics (n = 66) (n=98) p1h
Type of intervention CAS CEAE CAS CEAE 3
yp n=38(57.6%) n =28 (42.4%) n=62(63.3%) n=36(367%) P
Gender
Male, n (%) 50 (75.8) 72 (73.5)
Female, n (%) 16 (24.2) 26 (26.5) 0.8
Gender
Male, n (%) 28 (74%) 22 (78%) 45(72,6%) 25 (69,4%)
Female, n (%) 10 (26%) 6 (22%) 0.354 | 17(27,4%) 11(30,6%) 0,37
Age, years 65.5+7.6 [59-71] 64+8.7 [58-70] 0.44
Age, years 65+8.1 64.9+8.6 0.31 64,2+6,8 62,7+8,9 0,27
Age (60 years and older), n (%) 28 (74) 21 (75) 0.46 43 (69,4) 26(72,2) 0,38
DCCin history, n (%) 29 (43.9) 28 (28.6). 0.04
Asymptomatic stenosis, n (%) 17 (45) 20(71) 41 (66,1) 28(77,8)
Symptomatic stenosis, n (%) 21 (55) 8 (29). 0.02 21(33,9) 8(22,2) 0,11
29 (43.9) 42 (42.9) 0.9
IHD, n (%)
17 (45) 12 (43). 0.44 29 (46,8) 13 (36,1) 0,14
Hypertensive disease, n (%) 38 (100) 28 (100) 0.5 60 (96,8) 35(97,2) 0,46
15 (22.7) 21 (21.4) 0.88
Cardiac rhythm disorder, n (%) 10 (26% 5 (18 16 (35.8 5 (139
(26%) (18) 0.22 (25,8) (13,9) 0,08
BMI, kg/m? 30.4+5.5 27.8+2.7 0.001
TC, mmol/L 49+1.4 5.75+2.3. 0.004
LDL, mmol/L 1,9+1,1 1,8+0,8, 0,5
TG, mmol/L 1,94+1,4 2,2+1,3, 0,11
HbA, % 7517 7,4+1,6 04 - -
Fasting plasma glucose, mmol/L 7,8+1,9 7,7£2,0 0,41 5,3+0,7 5,5+0,6 0,08 | 0,00

Note: n-number of patients; %-percentage of patients; HbATc-glycated haemoglobin; BMI-body mass index; IHD-ischaemic heart disease; DCC -
disorder of cerebral circulation; TC-total cholesterol; LDL-low density lipoprotein; TG-triglycerides.

p1-level of significance of differences between the groups; p2-level of significance of differences between subgroups of patients with DM2;
p3-level of significance of differences between subgroups of patients without DM.
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Table 2. Perioperative brain lesion

i Group 1, with DM2 Group 2, without DM2
Characteristics (n=62) (n=98)
. . . CAS CEAE CAS CEAE
Distribution by type of intervention (n=38) (n=28) (n=62) (n = 36)
0,
Perioperative stroke, n (%) Not detected In three (10.7%) patients, In trl';;iiee(nif %) Not detected

one patient had 3 points, two

score by the NIHSS scale

patients had more than 10

up to 6 points

points
p1 p1=0.02 p1=0.09
p2 p2=0.09
p3 p3=0.02
/SIVI:I/_i,\r;”tRBtenb(r(;i)n matter (according to 15 (39.8%) 10 (35.7%) 29 (46.8%) 7 (19.4%)
p1 p1=0.37 p1=0.004
p2 p2=0.24
p3 p3=0.012

Note: n-number of patients; %-percentage of patients; NIHSS-National Institutes of Health Stroke Scale; AIN-acute ischaemic nodules; DW-MRI-

diffusion-weighted magnetic resonance imaging.

p1-level of significance in the group between subgroups; p2-level of significance between patients with and without DM2 during CAS; p3-level of

significance between patients with and without DM2 during CEAE.

cardiovascular diseases (p > 0.05). Angioreconstructive
surgery in both groups was more frequently required for
patients over 60 years old, and males prevailed (75.8%
and 74.5%, respectively). Hypertension was diagnosed
in almost all patients of both groups. Ischaemic heart
disease (IHD) and cardiac rhythm disorders were found
in patients with DM2 and without it with a comparable
frequency of 29 (43.9%) vs 42 (42.9%), p = 0.44 and
15 (22.7%) vs 21 (21.4%), p = 0.38, respectively. The
prevalence of DCC in the history in patients with DM2
was 29 (43.9%), which was significantly higher than in
patients without DM (28 (28.6%), p = 0.04). Patients with
DM who needed angioreconstructive surgery had higher
BMI (30.4 = 5.5 kg/m2) than patients without DM had
(27.8 + 2.7 kg/m2, p = 0.01).

Separate lipid pattern, even in the absence of
statistically significant differences between the groups,
exceeded the reference values of atherogenic parameters
among patients both with and without DM2. The level of
total cholesterol (TC) in the group of patients with DM2
was 4.9 + 1.4 mmol/L, while it was significantly higher
(5.75+2.3,p=0.02) in the group of patients without DM.
The groups did not have significant differences in the
level of low density lipoprotein (LDL) and triglycerides
(TG), which was 1.9 = 1.1 mmol/L vs 1.8 £ 0.8 mmol/L, p
=0.5and 1.94 = 1.4 mmol/L vs 2.2 £ 1.3 mmol/L, p = 0.1,
respectively.

When considering the clinical characteristics in the
subgroups, there was also the absence of statistically
significant differences depending on the surgical
intervention performed by gender, age, the presence
of hypertension and IHD. Patients in both groups
undergoing CAS tended to have a greater frequency of
heart rhythm disorders (Table 1).

Primary results of the study

Based on the main aim of the study, an analysis
was made of AIN frequency and perioperative stroke
(according to DW-MRI) after CAS and CEAE interventions
(Table 2).

In patients who underwent CAS, the immediate
perioperative period was generally clinically favourable.
However, acute nodules of ischaemia in the brain
matter were detected in some cases by DW-MRI. AIN
sizes ranged from 1 to 21 mm, in an amount from 1 to
6. In three patients (all patients in group 2 without
DM), perioperative stroke occurred in the system of the
operated artery, manifested in impaired motor functions
of the limbs and reduced tactile sensitivity. It should be
noted that perioperative stroke developed in patients
who initially had a high risk of developing cardiovascular
complications, a multifocal lesion of various vascular
systems, as well as a history of ischaemic stroke. In these
patients, the score for neurologic impairment on the
NIHSS scale at the time of diagnosis was 6 points.

Among the 38 patients with DM2 who underwent CAS,
asymptomatic lesion to the brain matter was diagnosed
in 15 (39.8%). In the remaining 23 patients (60.2%), the
presence of AIN after surgery was not identified.

Out of 62 patients who did not have DM2, brain matter
lesion was detected in 29 patients (46.8%), which was
almost one-half of the cases. There were no statistically
significant differences in the incidence of AIN in patients
with and without DM2 who underwent endovascular
intervention (p = 0.24) (Fig. 1, 2).

Among patients who underwent open intervention
(CEAE), three (10.7%) patients in the group with DM2 had
clinical signs of acute focal neurological symptoms in the
immediate postsurgical period, and IS was diagnosed.
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Fig. 1. The frequency of acute ischaemic nodules in patients, depending on
the type of intervention.
Notes: * p = 0.004; CEAE-carotid endarterectomy; CAS-carotid angioplasty
with stenting.

Fig. 2. Acute nodule of ischaemia in patient K., 66 years old, without
diabetes mellitus, according to diffusion-weighted magnetic resonance
imaging 24 h after angioplasty with stenting of the cortical substance in the
parietal lobe of the right cerebral hemisphere.

The score on the NIHSS scale in one patient was 3 points,
while the rest had more than 10 points (Fig. 3).

Out of 28 patients with DM2 who had CEAE, acute
stroke and AIN in the brain matter were detected in a
total of 13 (46.4%) cases (Fig. 3, 4). In patients without
DM2, DCCs were not noted, and AIN was found in seven
cases (19.4%), p = 0.012.

In patients with DM2, the incidence of AIN did not
depend on the type of intervention (15 cases (39.8%)
with CAS vs 10 cases (35.7%) with CEAE, p = 0.37).
However, in patients without DM2, damage to the brain
matter was observed 1.5 times more frequently during
CAS with open intervention (29 cases (46.8%) vs seven
cases (19.4%), p = 0.004).

To analyse the dependence of AIN development on
several factors, a multiple logistic regression model
was constructed (a similar model for only perioperative
strokes could not be obtained due to the extremely low
frequency, and the model for analysing at least one of
the two specified outcomes coincided completely with
the model for AIN. During all cases of perioperative
strokes, AINs were also observed). The following
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Fig. 3. Acute nodules of ischaemia in the cortical and subcortical substance

of the frontal, parietal and temporal gyri (according to diffusion-weighted

magnetic resonance imaging 24 h after carotid endarterectomy) in patient

S.aged 64 years old with type 2 diabetes mellitus and perioperative stroke.

Notes: DWI - diffuse-weighted image; ICD - measured diffusion coefficient
during MRI.

Fig. 4. Acute nodules of ischaemia in a patient with type 2 diabetes mellitus
according to diffusion-weighted magnetic resonance imaging 24 h after
carotid endarterectomy in the cortical substance of the frontal and parietal
lobes of the right cerebral hemisphere.

cofactors were chosen as predictors: gender, age, type of
surgical intervention, DM, fasting glucose levels, HbA1c
level (in people without DM, the value of 5% was used),
cholesterol level, symptomatic stenosis course, IHD and
rhythm disorders. Because BP level was subject to active
pharmacological correction both before and during
intervention on the carotid arteries, this parameter was
not included in the model.

Significant cofactors (p < 0.1 for Wald statistics)
included the presence of DM, type of intervention and
HbA, _level. Table 3 presents the coefficients and odds
ratios for the logistic regression model.

Based on the available data, a model was obtained
with a rather low predictive capability; however, it
was interesting to note that in this model a negative
coefficient was obtained for the ‘presence of DM’
factor, which was not expected. However, a higher
level HbA, led to an increase in the probability of
occurrence of AIN. Additionally, a significant factor of
the model was the type of surgical intervention (for
p < 0.1), as CE was characterised by lower probability
of AIN.
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Table 3. Multiple logistic regression results for the development of acute ischaemic nodules

Lower Upper
Wald Wald limitof limitof
Independent variable cr:e:::'s?:: ;f ::f:f:;g (Zl:l‘éa:;‘f p-Value 2‘::; 95%Cl  95%Cl
9 6) ~  (HO:B =0) forodds for odds
ratios ratios
Intercept term -4.81819 1.9644 -2.453 0.01418  0.00808 0.00017  0.37983
i;ege,\:;e of DM (reference: -1.82679 0.69586 2625 000866 0.16093 004115 0.62944
CE2 (reference: CAS 1) -0.64704 0.37657 1718 008575 052359 02503  1.09528
Cholesterol level -0.11684 0.09884 1182 023715 088972 073303  1.07991
Age 0.0265 0.02482 1068 028567 102685 09781  1.07804
Glucose level 0.138 0.1703 0.81 041774  1.14798 082219  1.60286
Female gender (reference: 0.30416 0.41042 0.741 045864 135548 0.60638  3.03003
male gender)
Presence of cardiac rhythm
disorders (reference: no 0.38271 0.42586 0.899 0.36883 146625 0.63637 3.37832
cardiac rhythm disorders)
iffﬁgﬁe of IHD (reference: 0.42047 037762 1113 026551 152268 07264 3.19186
Symptomatic course
of stenosis (reference: 05235 036866 142 0.1556  1.68792 08195  3.4766
asymptomatic course of
stenosis)
HbA 0.54699 0.25419 2.152 00314 172804 105  2.84392

1c

Logistic regression model for AIN
Log likelihood = —96.57500, R? = 0.89225, AUC = 0.72887.
The percentage of cases classified correctly: 70.7%.

Additional results of the study

The initial indices of carbohydrate metabolism (prior
to the surgery) compared with DW-MRI changes over
time in patients with DM2 were of interest (Table 4, Fig. 5).

In patients after CAS with AIN identified after the
intervention, the mean fasting blood glucose value prior
to surgery was 8.1 £ 1.7 mmol/L, while in patients without
AIN, the fasting blood glucose value was lower, but the
difference did not reach a statistically significant level
(7.4 £ 1.5 mmol/L, p =0.09). The baseline HbA]C level was
higher in patients with AIN identified after the surgery
(7.8 = 1.4%), and in patients without AIN, the HbA1c level
was 7.1 = 1.1% (p = 0.0469).

Analysis of carbohydrate metabolism in patients
who underwent CEAE demonstrated the relationship
of preoperative increased blood glucose values in
patients with DM2 with the development of subsequent
ischaemic changes in the brain matter. Thus, AINs were
detected with fasting glucose values of 8.5 + 1.9 mmol/L,
but in patients with DM2 without changes in the brain
matter, the basal glycemia was lower (7.0 = 1.5 mmol/L
(p=0.014)).The HbA1c level in patients who had AIN was
significantly higher and amounted to 8.0 + 1.7% versus
6.9 £ 0.9% in patients without signs of postoperative
brain matter damage (p = 0.0232).

Hypoglycaemic conditions in the perioperative period
were not registered.

Adverse events

This study was devoted to describing an understudied
adverse event, the formation of nodules of cerebral
ischaemia during angioreconstructive intervention on
the carotid arteries. Additionally, we focused on the
possibility of analysing the factors contributing to their
occurrence.

DISCUSSION

Summary of the main result of the study

Progress in the field of vascular surgery, the success
of reconstructive surgery on the vessels of the head,
contributes to the reduction of recurrent strokes and
increases the life expectancy of patients. At the same
time, angiosurgical intervention for atherosclerotic
stenosis of the carotid arteries may be accompanied
by the formation of acute nodules of ischaemia in the
brain matter. In most cases of endovascular and open
interventions, the revealed changes have a clinically
asymptomatic (‘silent’) course. According to the results
of our study, the occurrence of brain matter lesion was
associated with the quality of glycemic control before
the surgery and the type of intervention; the risk of
AINs increased with increasing levels of HbA, and the
implementation of CAS.
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Table 4. Indicators of carbohydrate metabolism and data of diffusion-weighted magnetic resonance imaging of patients with type 2 diabetes mellitus
who underwent carotid angioplasty with stenting and carotid endarterectomy

Fasting plasma glucose, mmol/L HbA1¢, %
The presence of ischaemic AIN No AIN p AIN No AIN p
nodules
CAS (n=38) 8.1+£1.7.n=15 7.4£1.5.n=23 p=0.09 7814 n=15 7.1£1.1.n=23. p=0.0469
CEAE (n=28) 85+1.9.n=10 7.0+1.5.n=18 p=0.0147 8.0+1.7.n=10 6.9+0.9.n=18 p=0.0232

Note: n-number of patients; %-percentage of patients; p-level of significance; AIN-acute ischaemic nodules.

8,0
7,84
7,64
7,44
7,24
7,04
6,8
6,6
6,4
6,2

HbA, %

AIN

No AIN
CAS

AIN No AIN

CEAE

Fig. 5. Indices of glycated haemoglobin in subgroups by the type of
intervention and the development of acute ischaemic nodules.
Notes: * p = 0.0469, ** p = 0.0232; AIN - acute ischaemic nodules; CAS-
carotid angioplasty with stenting; CEA-carotid endarterectomy.

Discussion of the main result of the study

In the course of this study, a high incidence of
asymptomatic brain lesion during intervention on the
carotid arteries was noted. AINs included nodules of
increased intensity of the brain matter, identified for the
first time after the surgery. In some cases, they were only
neuroimaging findings not accompanied by neurological
symptoms. These ischaemic nodules localised in the
‘silent’ areas of the brain. At the time of occurrence,
there were no clinical manifestations; however, given
the involvement of pathways, it was possible to develop
disconnection syndrome. In this case, the manifestation
of clinical symptoms may be delayed in time, including
the development of cognitive disorders.

Due to insufficient coverage of neuroimaging studies
before and after the surgery, the identification of ‘silent’
lesion in the brain matter in patients, including those
with DM2, and their subsequent clinical significance
has been understudied. Thus, currently, there are no
indications of the attribution of an AIN to a number of
well known complications [23]. The identification of such
nodules of ischaemia was the result of an active search
using high-resolution equipment.

As our results show, the development of such
asymptomatic nodules occurs during both types of
intervention.

The reference to DCC in the history was significantly
noted more frequently in patients with DM2 (43.9% of
cases) than in patients without DM (28.6% (p = 0.04)).
Thus, our findings correlated with reports of a possible
deterioration of the neurological status after surgery in
patients who already had a neurologic impairment. It
was in patients with DM that the symptomatic course of

precerebral arteries stenosing atherosclerosis and the
development of damage to the brain matter after CEAE
were more often noted, both in the form of the DCC
development and ‘silent’ nodules of ischaemia.

Identification of predictors that enable the prediction
of ischaemic nodules during surgical intervention is a
difficult task. A correlation between the structural tissue
characteristics of the plaque and the risk of ischaemic
cerebral circulation was noted earlier. The presence
of plaques containing nodules of atheromatosis and
haemorrhage increases the risk of emboli during
CAS [24], and when performing CEAE, this may be due
to partial intraoperative destruction of the tectum areas,
atheromatous masses, multiple calcifications located in
the nodules of atheromatosis and superficial sections
of the plaque with subsequent embolisation of the ICA
branches.

An important aspect is the role of chronic
hyperglycemia and increases in HbA, in DM, including
in the context of preventing or minimising the possibility
of developing AINs.

The data obtained about reducing the risk of AIN
in the presence of DM2 and increasing this risk only
with an increase in HbA,_indicate that poor glycemic
control rather than the presence of DM increases the
risk of vascular events and aggravates the prognosis.
Additionally, it should be noted that the treatment of
patients with DM includes not only antihyperglycemic
therapy to achieve individual treatment aims with
recommendations for lifestyle changes, but also the
elimination of other modifiable risk factors such as
dyslipidemiaand hypertension during regular visits to the
doctor. In favour of this judgement, there is a statistically
significant lower level of cholesterol and a tendency
to lower TG values obtained in our work with patients
with DM2. Moreover, this can be regarded as evidence
of a greater commitment to treating patients with an
established diagnosis of DM, which is generally the result
of the active work of the entire medical community.

An increase in the risk of AIN development when
performing CAS can be explained by the fact that this
type of intervention is an alternative to endarterectomy
and is performed in patients who have higher risk. The
occurrence of AIN demonstrates the implementation of
these risks. It should be noted that the effect of DM is
differently directed depending on the type of surgery.

When both types of revascularisation were performed,
anincrease in the level of HbA, in patients with DM2 with
the presence of AIN was noted (7.8 £ 1.4% in patients who
underwent CAS and 8.0 + 1.7% in those who underwent
CEAE).
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Thus, damage to the brain matter occurs in both types
of intervention, but CE is accompanied by the formation
of ischaemic nodules less frequently than endovascular
intervention (26.5% vs 44%, p = 0.01). However, in
patients with DM2, poor glycemic control can lead to an
increase in the incidence of intraoperative ischaemia,
the risk of which depends on HbA,_before intervention
when performing both types of carotid revascularisation.
To develop algorithms for assessment and adjustment
of carbohydrate metabolism to prevent ischaemic brain
lesion, these data require a more thorough and weighted
analysis. It should be emphasised that the presence of
DM results in high surgical and anaesthetic risk, but it is
not a contraindication to surgery.

Study limitations

The study is exploratory in nature, and the sample
has not been calculated previously. Although statistical
hypotheses are tested for all comparisons of interest, in
the absence of statistical significance, a rather low power
for all comparisons may be considered. Thus, even for the
main groups (according to the presence of DM) by binary
signs, to obtain statistical significance with a = 0.05 with
a power of 80%, the actual difference must be from 12%
(with shares close to 0% or 100%) to 23% (with shares
close to 50%), which is a large difference. For comparison
of the subgroups by the frequency of AINs for detecting
the minimum clinical difference of 10% with the available
samples and a = 0.05, the power ranges from 8% to 49%.

The type of intervention is determined by the
clinical situation. This fact creates certain limitations
in the standardisation of the groups under study. It
follows from the model that the presence of DM and CE
surgery reduce the risk of AIN, and a high level of HbA,_
increases it. The limitations of the analysis also include
the imbalance of groups in the presence of DM and the
type of intervention, which is due to the study design.

This study does not provide an assessment of cognitive
status in patients prior to and after the intervention.
Evaluation of the effect of revascularisation on the mental
function of patients with DM2 requires further research.
It is advisable to continue the prospective monitoring of
the cognitive function of patients, because progression
of disorders is possible. Additionally, the effect of
preoperative adjustment of antihyperglycemic therapy

with the provision of long-term (at least three months)
good glycemic control on the risk of intraoperative
ischaemia, both symptomatic (stroke) and asymptomatic,
should be studied.

CONCLUSION

Due to the undoubted success of modern
angioreconstructive surgery, great opportunities have
been implemented for the prevention of ischaemic
DCC in patients with carotid atherosclerosis. However,
the widespread use of high-resolution neuroimaging
techniques has contributed to the accumulation of data
about the possibility of perioperative ischaemic nodules
of the brain, which are often asymptomatic. It is well
known that such changes in the brain matter form the
basis for the development and progression of cognitive
impairment, making the medical problem of carotid
revascularisation a medical-social problem. Considering
the close concurrence of atherosclerosis and DM, we
attempted to develop a personalised approach to
patients with DM and cerebrovascular diseases. It must be
clarified that an important predictor of the occurrence of
asymptomatic nodules of cerebral ischaemia after these
interventions may be an increase in HbA, levels. Such
results require confirmation in a more extensive study to
develop clear curation algorithms for such patients.
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