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Abbreviations used: 

HTN- arterial hypertension 

DM - diabetes mellitus 

CHD - coronary heart disease 

CVA - cerebrovascular accident 

CAD - coronary artery disease 

CS - carotid stenosis 

CIN - contrast-induced nephropathy 

MI - myocardial infarction 

CVD - cerebrovascular disease 

PPM- a permanent pacemaker 

PC - periprocedural complications 

RCT - randomized clinical trials 

ACD - arrhythmia and conduction disorders 

HF - heart failure 

TIA - transient ischemic attack 

PAD - periphery artery disease 

CKD - chronic kidney disease 

COPD - chronic obstructive pulmonary disease 

EPD - embolic protection devise 

CAS - carotid artery stenting 

CABG - coronary artery bypass grafting 

CEA - carotid endartrectomy 

PCI - percutaneous coronary intervention 

LAD - left anterior descending artery 

LM - left main 

LCX - left circumflex artery 

RCA - right coronary artery 

EFS - event free survival 

MS - median survival 

OS - overall survival 



Introduction 

Cardiovascular atherosclerotic diseases (CVD) is the leading cause of morbidity and 

mortality all over the world. Annually16.7 million die of it worldwide, with coronary heart  

disease being the cause of death in 7 million cases and stroke in about 6 million, accounting 

for 38-40% of all fatalities. 

In the United States, 500,000 people suffer a stroke each year; 150,000 of them die 

from CVD, which is about 2,600 a day, or an average of 1 person every 34 seconds. Strokes 

are among the main causes of emergency and long-term admissions, long-term disability and 

significant hospital costs of about 45-50 billion a year for diagnosis and treatment. The 

disease is the most common cause of epilepsy in elderly patients, the second most common of 

dementia and one of the most common causes of depression. 

In Europe, CVD kills around 4.35 million people each year, representing about half of 

all fatalities - 49% in Europe and 42% in the European Union. 

For Bulgaria, the statistics are even more unfavorable. Unfortunately, our country 

ranks first in Europe in terms of CVD mortality. According to data from the National Center 

for Public Health and Analysis 45444 cases of cerebrovascular disease (CVD) were registered 

in our country in 2021. In the same year, associated mortality was 60% of all fatalities in the 

country. The disease burden increases with age as in the group between 40 and 59 years. the 

incidence is 40.4 / 1000, and between the ages of 65 and 75 it increases to 63/1000. TIAs 

comprise about 15% of all cases and are more common in men. In Bulgarian population, 

cardio-cerebral atherosclerotic pathology not only shows a tendency to "rejuvenate", but also 

develops in patients with many comorbidities such as hypertension, heart failure, diabetes, 

overweight, COPD, smoking, PAD. Such a combination causes a variety of organ 

dysfunctions and, last but not least, by modulating the therapeutic effect, it increases mortality 

from other causes. 

Carotid atherosclerotic stenosis (CS) is one of the leading causes of neurological 

morbidity and mortality, although statistics vary widely. About 87% of strokes are ischemic; 

30% of them are caused by atherosclerotic plaques in the carotid artery leading to stenosis and 

/ or thrombosis. 

The gold standard for the treatment of symptomatic and asymptomatic CS is carotid 

endarterectomy (CEA), which has been used for 80 years. Literature data show that there is no 



procedure in cardiovascular surgery that is supported by more medical evidence. In recent 

decades, another revascularization technique, carotid artery stenting (CAS), has been rapidly 

entering clinical practice. Despite unsatisfactory initial results, CAS is the most evolving 

methodology through a number of innovations that eliminate its "Achilles' heel" - cerebro-

embolic risk. The ever-improving design of CAS presents it as a successful modern 

alternative to CEA. 

A characteristic feature of the atherosclerotic process is the tendency to progression 

and involvement of many vascular areas. Multifocal atherosclerosis, clinically manifested by 

coronary artery disease (CAD) and / or PAD is found in about 40% of patients with CVD. It is 

no coincidence that even asymptomatic CSs above 50% with or without other signs of 

atherosclerosis are considered equivalent to coronary artery disease. The combination of CS 

and CAD has long been a well-known clinical fact, with a frequency ranging from 37% to 

over 80% in targeted studies with single-stage angiography in both vascular areas. 

Concomitant CAD in patients with CS is the main cause of late and mostly of cardiac 

complications after carotid revascularization, which compromises the effect of the latter. 

Preliminary coronary angiography and if needed and available coronary revascularization in 

patients indicated for CAS or CEA is the only independent predictor of postoperative early 

and late cardiac complications and "reduces" the likelihood of subsequent cardiac ischemia 

four-fold, according to literature data. 

The current protocol in patients suffering from both CS and CAD includes 4 different 

sequential or one-stage combined / hybrid approaches: CEA and CABG, CAS and CABG, 

CEA and PCI, CAS and PCI. Unfortunately, results are unacceptably different and 

contradictory. To date, no network meta-analysis published provides direct or indirect 

evidence of certain benefits or strict indications for each of the hybrid combinations. This is 

reflected in the lack of a clear hierarchy of available strategies based on the risk of adverse 

events and improved survival. 

  

 

 

 

 



Test Hypothesis 

Based on the analysis of literature data from the largest clinical trials, national registries 

and meta-analyzes for 40 years of revascularization in patients with combined carotid and 

coronary atherosclerosis, we derived the following main points for the formation of the 

test hypothesis, respectively for the purpose and the objectives of the present dissertation: 

• Carotid and coronary atherosclerosis are one and the same disease with two localizations 

and a there is an actual opportunity for simultaneous or sequential revascularization in 

order to minimize early and late complications and improve the prognosis and survival of 

patients. 

• Identification and assessment of carotid and coronary artery disease is feasible through 

single-stage selective coronary and carotid angiography (Class of recommendation IIb) 

• The results concerning early and late efficacy of carotid revascularization are 

compromised not by neurological complications but by concomitant coronary artery 

disease and comorbidity in patients. 

• In case of atherosclerotic lesions in the two vascular zones of interest - carotid and 

coronary, the effect of carotid revascularization can be utilized and consolidated by 

different step-by-step or simultaneous methods: CAS & PCI, CEA & PCI, CEA & CABG, 

CAS & CABG. 

• The long period of atherosclerotic progression allows for the identification of a model of 

independent prognostic factors, the choice of individualized and complex approach of 

conservative and invasive methods in patients with carotid and coronary heart disease. 

Study Goals: 

To investigate the effectiveness and efficacy, early and late 

complications, and survival after sequential interventional 

revascularization in patients with symptomatic carotid stenosis and 

concomitant coronary artery disease. 

 

 



Objectives: 

1. To study the demographic characteristics, the overall risk profile and the incidence 

of the combination of carotid and coronary heart disease in patients referred for CAS. 

2. To  risk-stratify patients and study the characteristics and degree of carotid and 

coronary artery disease. 

3. To study the incidence and characteristics of peri- and post-procedural 

complications, namely, heart attack, stroke and death from any cause, the median and overall 

survival of patients with coronary and carotid revascularization. 

4. To analyze and define the risk and predictive factors for the occurrence of adverse 

events in three periods of monitoring: periprocedural - by the 30th day, by the end of the first 

year and by the end of the follow-up. 

5. To analyze the significance of sequential carotid and coronary ruvascularization for 

patient survival and to develop a statistical model of independent prognostic factors. 

 

Study design. Patients and methods 

 

Nature and type of the study. 

A pre-planned study of 314 patients referred for endovascular carotid revascularization 

(CAS) to an interventional unit was conducted. The design included 2 types of observation: 

mainly prospective and in a small proportion of patients meeting the inclusion criteria - 

retrospective. 

Location. 

The study was conducted in the university structures of "St. George" University 

Multiprofile Hospital for Active Treatment - Plovdiv: Clinic of Cardiology, Interventional 

Cardiology Unit, Laboratory of Interventional Diagnosis and Treatment, Clinic of Cardiac 

Surgery, Clinic of Imaging, Central Clinical Laboratory, Consulting Office. 

Observation period. 

The patients participating in the study were observed during the period from May 

2011 to May 2019. The mean follow-up time was 40.9 ± 27.6 months (Fig. 1). 

Figure 1 Follow-up duration 



Vertical axis: number of patients 

Horizontal axis: duration of follow-up 

Inclusion criteria: 

1. Age above 18 years 

2. Symptomatic ICA stenosis ≥ 60% determined by Doppler ultrasound 

3. Previous cervical surgery or radiation therapy 

4. High surgical risk 

5. Reluctance of the patient for endarterectomy 

6. Signed informed consent 

Exclusion criteria: 

1. Previous intracranial hemorrhage 

2. Total occlusion of the target carotid artery 

3. Ulcerated lesions with a mobile thrombus 

4. Intolerance or allergy to antiplatelet, anticoagulant therapy and contrast agents. 

5. Recent haemorrhagic diathesis (up to 30 days) with contraindication for antiplatelet or 

anticoagulant therapy 

Study endpoints. 
 

      The endpoints of the study were formulated and focused on the evaluation of effectiveness 

and efficacy, early and late complications, and survival after CAS and sequential 

revascularization in patients with carotid and coronary atherosclerotic disease. 

 
• Primary endpoint: to investigate the incidence of periprocedural complications after CAS and early 

and late postprocedural complications of MI, stroke, death, and death from any cause after 

revascularization in both vascular areas. 

• Secondary endpoint - to calculate the median survival as well as the overall survival of patients 

after sequential revascularization in the two vascular areas of interest at 1, 3, 5 and 8 years of follow-

up. 

 

 



Patients 
 

For a period of 8 years, 314  patients were randomly referred to an interventional 

consultation office for CAS by various specialists: neurologists, cardiologists, cardio- and 

vascular surgeons, interventional cardiologists, specialists in pre-hospital care. The male: 

female ratio was 253 (76.90%): 76 (23.10%), mean age 69.6 (61–78 years). Patients with CS 

were divided into 2 main subgroups: with concomitant CAD and without CAD. Most of the 

patients included had a history of cerebral, cardiac and vascular events, prior conservative 

medical treatment and / or ultrasound-diagnosed  symptomatic (ipsilateral stroke or TIA in the 

last 6 months) or asymptomatic CS. The inclusion of each patient in the study, subsequent 

evaluation and sequential revascularization of the carotid and coronary vascular areas was 

performed after receiving a signed informed consent, and the adopted clinical-diagnostic and 

interventional protocols were approved by the Medical Ethical Committee of MU-Plovdiv. 

 

Clinical protocol - general principles and stages. According to the adopted strategy, all 

patients have: 

1. Preliminary ultrasound examination of carotid arteries 

2. Neurological and cardiology (12-lead ECG and echocardiography) assessment, as well 

as a standard laboratory panel of hematologic, biochemical and coagulation indicators. In 

patients with a new-onset neurological deficit, an emergency neurological evaluation and 

brain CT were performed. In patients with new-onset chest pain, ECGs were performed 

serially and biochemical markers for myocardial necrosis were studied - creatine kinase - CK, 

MB fraction of CK and troponin. 

3. Angiography - one-stage preliminary selective coronary and carotid angiography in 

all patients. The degree of CS was determined by angiographic NASCET criteria - distal 

method. CAD was classified according to standard criteria single-, two-, three-vessel or multi-

vessel, depending on the presence of angiographically documented stenosis ≥50%, affecting 

the main coronary vessels / LM, LAD, LCX, RCA /. 

4. Perceived CAS indications (according to RCT data): 

• presence of neurological symptoms 

• degree of carotid stenosis by distal method / NASCET / 

• presence of concomitant diseases and their severity 

• anatomical features of the vascular system 

• morphology of the carotid plaque 

• degree of perioperative and periprocedural risk 

• personal preferences of the patient 

5. Risk stratification of patients referred for CAS 

5.1. Clinical (age, comorbidities and organ dysfunctions) 
• Age> 80 years 

• Congestive heart failure / III / IV functional class according to NYHA / 

• Known left ventricular dysfunction with reduced ejection fraction / EF / <35% 

• Planned CABG or heart valve prosthesis 

• Recent MI /> 24 hours and <6 weeks / 

• Unstable angina 

• Stable angina / III / IV functional class according to CCS / 

• Severe lung disease, defined as the need for oxygen therapy at home, forced expiratory volume 

for 1 sec <30% to 50% of the predicted 

• Contralateral cranial nerve damage  

• Multiple comorbidities (diabetes, hypertension, obesity, COPD, PAD, CKD, liver dysfunction) 

5.2. Anatomical 
• Previous CEA and restenosis 

• Surgically inaccessible lesion 



• High cervical lesion at / above C2 level 

• Lesion below the clavicle 

• Contralateral carotid occlusion 

• Previous radiation therapy in the neck 

• Previous radical surgery in the neck 

• Severe tandem stenosis 

• Spinal immobilization in the cervical region 

6. Selection of revascularization procedures and their order of execution. After 

individual discussion of each patient, the appropriate revascularization methods, their 

sequence and the time intervals between them were selected. In the study, CAS, PCI, CABG 

were performed in separate sequential procedures, in accordance with the leading clinical 

significance of the individual vascular area. 

• In patients with significant coronary artery disease, angina symptoms of high III-IV functional 

class as well as low functional class, but with critical stenosis identified by coronary angiography and 

proven myocardial ischemia, coronary revascularization was always performed first and CAS - 

second. 

• CAS was chosen as the method of carotid revascularization in patients with high surgical risk, 

difficult surgical access and / or lack of informed consent for surgical treatment. 

• The method of coronary revascularization was discussed depending on the coronary status, the 

patient's risk profile and the relevant criteria of the interventional and surgical protocols at the time of 

diagnosis. 

• In symptomatic carotid stenosis and non-critical coronary heart disease, CAS was performed in 

the first stage, and corronary revascularization took place from 2 to 45 days after the initial procedure. 

• In symptomatic carotid stenosis and critical coronary artery disease, the decision was taken 

individually for each patient, but the interval between PCI and CAS was a maximum of 5 days. 

• In patients with bilateral significant carotid stenosis, CAS was performed in two stages with a 

period of 30 to 45 days inbetween. In 2 patients with bilateral carotid stenosis, CAS was performed 

first and CEA after 35 days. 

• In patients with established significant coronary artery disease suitable for surgical 

revascularization (CABG), CAS was performed in the first stage, and surgical treatment was planned 

after 30 days or more. In 10 patients, CABG was performed urgently within less than 30 days of the 

initial procedure. 

 

Fig.2 Hybrid revascularization procedures in patients with CS and CAD (type and sequence) 

 

 
Green: no coronary revascularization 

Blue: PCI before CAS 

Yellow: PCI after CAS 



Purple: CABG before CAS 

Red: CABG after CAS 

 

• Dual antiplatelet therapy: Clopidogrel 75 mg (after an initial loading dose of 600 mg), 

Aspirin 100 mg daily and statins were administered to all patients prior to interventional 

revascularization. The minimum mandatory period of dual antiplatelet therapy was 30 days after 

implantation of a carotid stent and a plain metal coronary stent. The therapy was extended to 12 

months after implantation of a drug-eluting coronary stent. Statin therapy was performed to achieve 

target LDL-cholesterol levels of 1.8 mmol / L. 

After individual discussion and selection of the optimal revascularization strategy and  

sequence for each patient, in 192 patients /67.6%/ PCI was performed before CAS, in 12 

patients (4.2%) PCI was performed after CAS, in 36 patients (12, 7%) - CABG after CAS, in 

10 patients (3.5%) - CABG before CAS. Coronary revascularization was not performed in 34 

patients (12.0%) (Fig. 2). Regardless of the revascularization method chosen, all patients 

were included in the study as meeting the primary and secondary endpoints. 

 

Methods 

 Diagnostic protocol - conservative methods 

1. Color duplex scan of the extracranial arteries. In all patients were measured: 

• planimetric area of active lumen 

• degree / percentage of stenosis 

• systolic and diastolic blood flow velocities 

• reference vascular lumen 

• intima-media thickness 

• characterization of the plaque by location, type, severity and stability 

• Angiographic evaluation was scheduled when there was evidence of significant carotid stenosis 

2. 12-lead ECG (Schiller electrocardiograph) - in all patients up to 30 minutes after 

admission, during each episode of chest pain, at discharge and at 30 days after the initial 

event. 

3. Transthoracic echocardiography / Philips echocardiograph / - before angiographic 

evaluation and interventional treatment. Two-dimensional / 2D / echocardiography, one-

dimensional / M-mode / echocardiography and Doppler were used to assess the visualized 

cardiac structures, their morphology and function in standard positions, as follows: 

• dimensions and volumes / left ventricular internal end-diastolic diameter and volume, left 

ventricular end-systolic diameter and volume /, 

• systolic and diastolic function of the left ventricle / LV /, 



• ejection fraction / EF /, 

• the thicknesses of the interventricular septum / IVS / and posterior wall of the left ventricle / 

LVPW /, 

• diameter of the left atrium / LA /, 

• function and morphology of the valve apparatus, 

• segment kinetics of the left ventricular walls, 

• dimensions and function of the right ventricle / RV /. 

4. Computed tomography / CT / of the brain - in all patients with new-onset neurological 

symptoms at admission, after referral by a neurologist. In selected patients, before CAS, CT 

with contrast enhancement of the aortic arch, carotid, vertebral and intracranial arteries was 

performed. 

5. Laboratory tests - venous blood test at the University Clinical Laboratory using an 

OPTIMA - Kone Lab 601 Finland. Blood samples were drawn in the morning after an 

overnight fast and examined the same day without long-term storage by freezing. When acute 

coronary syndrome (ACS) was suspected, cardiac biomarkers were serially tested at 2, 6, and 

12 hours. 

Hematology panel: erythrocytes / RBC /, hematocrit / HCT /, mean erythrocyte volume / MCV /, 

index / MCH /, index / MCHC /, width of erythrocyte distribution / RDW /, leukocytes / WBC /, 

platelets / PLT /. 

Haemostasis panel: platelet count, activated partial thromboplastin time (APTT), fibrinogen (Fbg), 

prothrombin time (PT),  (INR) ratio. 

Biochemistry panel: glucose / GLUC /, potassium / K /, calcium / Ca /, sodium / Na /, chlorine / Cl /, 

creatinine / CREA /, urea / UREA /, lactate dehydrogenase / LDH /, total protein / TPROT /, total 

bilirubin / T BIL /, uric acid / UR AC /, alanine aminotransferase / ALT /, aspartate aminotransferase / 

AST /, albumin / ALB /, creatine kinase / CK /, MB-fraction of creatine kinase / CK-MB /, total 

cholesterol /, triglycerides / TRIG /, HDL-cholesterol / HDL /. Troponin. 

 

Diagnostic protocol - interventional methods 

1. One-stage interventional, selective, contrast, catheter-based angiography of 

carotid and coronary arteries - access protocol. Radial and femoral arterial access was used 

and interventional angiography was performed through certified, specialized angiographic 

equipment: Siemens, Omega, Philips. 

2. Coronary angiography - at least 4 projections for the left coronary artery and 2 

projections for the right coronary artery were used. Diagnostic catheters Tiger / only for radial 

access /, left and right Judkins, left and right Amplatz with different sizes were used. The type 



of coronary circulation was determined. In all patients with CABG the bypass grafts were 

visualized from the point of proximal anastomosis to the distal segments of the native 

coronary artery. Coronary score systems - Quantitative analysis of all angiographically 

established coronary stenoses was performed. The above was calculated according to  

standardized methods by means of Gensini score and Syntax I score, using official online 

calculators. 

3. Carotid angiography. Carotid angiography was performed by selective 

cannulation of the ostium of the common carotid artery with diagnostic catheters Tiger / only 

for radial access /, IMA, left and right Judkins, Simmons of different sizes. At least 2 

projections were viewed for each carotid artery. Digital subtraction angiography (DSA) was 

also performed in a large proportion of patients. 

3.1.Degree of carotid stenosis. We adopted the so-called distal NASCET method for 

angiographic evaluation of stenosis, according to the criteria of the study of the same name. 

Carotid stenosis, depending on the angiographic quantitative analysis, is interpreted in 8 

degrees: 

• normal / no plaque or stenosis / 

• insignificant - up to 30% lumen reduction  

• low-grade stenosis - 30-49% 

• moderate stenosis - 50-69% 

• high-grade stenosis - 70-89% 

• critical stenosis - 90-95% 

• subtotal occlusion - 95-99% 

• total occlusion - 100%. 

 

  

3.2. Authors’ carotid score. To facilitate the use of angiographically determined 

degree of CS, we introduced our own carotid score, calculated for each patient by the 

following method: 

• stenosis (0 -29%) - 0 points; 

• low-grade stenosis (30-49%) - 1 point. 

• moderate stenosis (50-69%) - 2 points 



• high-grade / critical stenosis (70-95%) - 3 points. 

• subtotal occlusion (95-99%) - 4 points 

• total occlusion (100%) -5 points 

The proposed score is calculated by summing the number of points for the two carotid 

arteries in each patient. 

3.3. Anatomical vascular features influencing the choice of CAS strategy. In 

addition to the characteristics of the target atherosclerotic lesion itself, such as the degree of 

stenosis, length, calcification, ulceration, eccentricity, thrombosis, the aortic arch and large 

vessels stemming from it were evaluated. Peripheral angiography was also performed in 

selected patients to diagnose peripheral artery disease, extreme tortuosity, and calcification of 

the abdominal aorta and iliac arteries to assess the availability of femoral access in CAS. 

4. Antiplatelet therapy protocol. All patients not taking regular dual antiplatelet 

therapy received a loading dose of clopidogrel - 600 mg and aspirin 500 mg before the 

procedure. Unfractionated heparin at a single bolus dose of 100 IU / kg was administered at 

the beginning of the procedure, immediately after gaining vascular access. Subsequently, the 

heparin dose was titrated until anticoagulation was achieved with a target-activated clotting 

time (ACT) of 250-300 seconds. 

5. Interventional carotid revascularization (CAS) - protocol. The basic protocol 

with over 90% success rate used in the study is described below with a precondition - 

compliance with technical difficulties in patients with "difficult" aortic arch anatomy, severe 

calcification and atherosclerosis of the aortic arch, with ECA occlusion or with pronounced 

tortuosity and atherosclerotic involvement of the CCA. 

• Femoral arterial access (Zeldinger) or radial (after the Allen test) with an arterial introducer - 

6 Fr in both cases. 

• selective cannulation of the ostium of the target common carotid artery with a 5 Fr diagnostic 

catheter (usually IMA or right Judkins 4) 

• a hydrophilic guidewire J-type 0.035 ”/ 0.038” (Terumo) is placed in the common carotid 

artery through the diagnostic catheter, then  the diagnostic catheter is pulled into the distal part of the 

CCA before the bifurcation and stenosis over the guidewire 

• replacement of the hydrophilic guidewire with a stiff guidewire 0.035 ”/ 0.038” (Amplatz 

Superstiff, Extra stiff or SupraCore), which is positioned in the ECA with the help of the diagnostic 

catheter 

• removal of the diagnostic catheter and placement of a 6Fr introducer catheter /Destination, 

Carotid sheath, Terumo or Cook/ over the stiff guidewire in the CCA, after which the dilator and the 

guidewire are removed. 



(This part of the procedure is "unprotected" by the EPD and carries a significant 

embolic risk in the absence of operational experience, prolonged or careless handling). 

6. Distal embolization protection devices - filter type. More than 90% of patients 

were treated using a FilterWire EZ / Boston Scientific /, and the rest - using Angioguard RX / 

Cordis / and Spider /ev3/. The EPD consists of an integrated filter system 0.014 "fixed to a 

guidewire. The filter system is made of a polyurethane membrane with pores of 80 µm for 

FilterWire EZ and up to 100 µm for Angioguard RX. The Spider system / ev3 / has filter 

pores formed by a nitinol network with a size of 50-200 µm. The systems used provide 

continuous antegrade blood flow during carotid intervention, which is extremely important in 

patients with contralateral carotid stenosis or occlusion and compromised collateral blood 

flow to the ipsilateral carotid vascular zone. 

7. EPD protocol 

• after placement of an introducer catheter in the CCA it passes through the area of the stenosis 

with the filter system in the retracted state 

• the filter system is positioned and released on a straight section of the ICA, 3-4 cm from the 

distal end of the lesion 

• with active EPD and if necessary, balloon predilation with a baloon diameter not exceeding 

2.5 mm is performed to limit the risk of atheroembolism in forceful or difficult stent passage 

through the stenosis. 

• implantation of a self-expandable carotid stent 1 mm larger than the diameter of the largest 

target vessel, with a ratio between the diameters of the CCA and ICA of about 1.2 and a length 

completely covering the atrosclerotic lesion 

• non-aggressive post-dilation of the self-expandable carotid stent with a coronary non-

compliant balloon catheter with a diameter of 4.5-5.5 mm, inflated to 12 atm (before inflation 

of the balloon catheter, atropine is administered to prevent extreme bradycardia and asystole). 

20% residual stenosis is deemed acceptable. 

• 'Readiness to respond to' mechanical 'but transient haemodynamic depression from increased 

vagal stimulation with peripheral vasodilation, bradycardia and decreased cardiac output. 

• at each stage - before / after predilation, after stent implantation, after post-dilation, contrast 

angiography is performed to evaluate the result and diagnose complications 

• Closure, withdrawal and removal of EPD with a special sheath in case of normal blood flow 

/the same in ICA and ECA/ 

• in case of slow or no flow in ICA (probable excessive distal embolization of plaque particles 

in the pores of the filter system) evacuation of debris and embolic particles was undertaken 



using a coronary thrombus aspiration catheter / Export aspiration catheter, Medtronic/ of 40-

60ml of blood from the blood column before EPD 

• Final angiography 

 

In most patients, a self-expandable carotid stent Carotid Wallstent (Boston Scientific) was 

used, with a closed cell: good radial strength and low risk of distal embolization, at the 

expense of rigidity and reduced flexibility. Nitinol self-expandable open-cell stents - Precise 

Pro / Cordis /, Protégé / ev3 / were used in a smaller number of patients with curved, torturous 

carotid arteries, but without excessive calcification: greater flexibility and increased risk of 

distal embolization. In case of a great difference in the size of ICA / CCA two-dimensional 

tapered self-expandable nitinol carotid stents were used. 

8. Monitoring in the post-procedural period. Patients were under active monitoring for 6 to 

12 hours in the intensive care unit with continuous monitoring of ECG and blood pressure / 

BP /, after which they were transferred to a regular hospital room. Immediately after the 

procedure, a 12-lead ECG was recorded and BP values were measured. ECG and cardiac 

biomarkers (CK, CK-MB and troponin) were also tested at each episode of chest pain. An 

ECG was also performed at discharge and on day 30 of the index procedure. Double 

antiplatelet therapy (Clopidogrel 75 mg and Aspirin 100 mg) was prescribed for a minimum 

of 30 days after CAS. Neurological evaluation and CT of the brain were performed in all 

symptomatic patients during and after CAS. Control ultrasound examination of the carotid 

arteries and the implanted stent was performed 24 hours before discharge, on day 30 day and 

at 12 months. 

9. Monitoring for intra- and post-procedural complications in CAS. Definitions: 

TIA - a new and brief episode of neurological dysfunction resulting from temporary focal 

cerebral ischemia, with no evidence of cerebral infarction and complete recovery within 24 

hours. 

Stroke - neurological dysfunction due to focal cerebral or retinal infarction as a result of 

ischemia, based on clinical data of permanent damage, neuropathology and imaging data. A 

small stroke is defined as a new-onset neurological deficit with complete recovery within 7 

days or a NIHSS Score of 3 or less. A major stroke is defined as a new-onset neurological 

deficit lasting more than 7 days and a NIHSS Score of 4 or more. Silent stroke is considered 

in case of neuropathological or imaging data for cerebral / retinal infarction, without a history 

of acute neurological dysfunction associated with this lesion. 



Myocardial infarction / MI / - positive markers for myocardial necrosis / troponin and MB-

fraction of CK / in combination with angina and / or new ECG changes in two adjacent leads 

with symptoms of ischemia, new or probably new significant ST- T changes or new LBBB, 

the finding of a pathological Q wave in the ECG, imaging evidence of regional wall motion 

abnormalities, angiographic evidence of intracoronary thrombus 

Hyperperfusion syndrome is a rare but potentially life-threatening complication of carotid 

revascularization. It is due to improved blood flow to the chronically ischemic brain area. It is 

thought to occur with an increase in blood flow> 100% relative to baseline, which in 

combination with impaired cerebral autoregulation, leads to transudation in the cerebral 

interstitium and cerebral edema. It usually occurs within the first 24 hours after CAS, with 

elevated blood pressure. Hyperperfusion syndrome was been reported in 1 patient in the 

current series. 

Restenosis - defined as carotid in-stent stenosis> 50%. This is a late complication after CAS. 

Hematoma at the arterial puncture site. Depending on their size hematomas are classified as: 

hematoma> / <5cm and drop in hemoglobin levels of > / <10 g / L 

9. Percutaneous coronary revascularization (PCI) 

9.1.PCI - general therapeutic approach 

▪ on each admission for interventional procedure we performed: ECG, echocardiography, duplex 

scanning of carotid arteries, all of the above-mentioned laboratory tests, coronary angiography and 

carotid angiography (if more than 30 days had passed since CAS). 

▪ Internationally accepted classification of CAD: single-, two-, three-vessel or multi-vessel, depending 

on the presence of angiographically documented stenosis ≥50%, affecting the main coronary vessel / 

LM, LAD, LCX, RCA /. 

▪ Angiographically evaluated reduction of the vascular lumen by atherosclerotic plaque in 7 degrees: 

0-24% - unevenness / insignificant plaque/, 25-49% - lesion, > 50% - intermediate stenosis, 75-89% - 

high-grade stenosis, 90-98% - critical stenosis, 99% - subtotal occlusion and total occlusion - 100%. 

▪ Hemodynamically significant coronary stenosis = stenosis> 50% of LM and LAD in proximal 

segment and> 75% of LCX, RCA, LAD in median and distal segment, and their large branches with 

diameter> 1.5 mm. 

▪ Gensini score and Syntax Score I were calculated using an internet based calculator in all patients 

with CAD. 

9.2. PCI - indications in the study 

• in all patients with acute coronary syndrome (ACS) with or without ST-segment elevation and the 

presence of significant coronary stenosis on angiography (In these cases, the index procedure 

comprised treatment of the infarction-related /"culprit"/ artery only, and subsequently a schedulled 

intervention was performed in the presence of hemodynamically significant stenoses affecting another 

main coronary vessel). 

• in stable coronary heart disease and the presence of critical coronary stenosis /> 90% / on 

angiography 

• in case of proof of myocardial ischemia (from a previously conducted non-invasive study) and 

established significant coronary stenosis /> 50% / on angiography with the following indications: 



dynamic ischemic ECG changes in the leads corresponding to the LV wall supplied by the respective 

coronary artery, recorded on standard 12 -lead ECG, as well as induction of myocardial ischemia 

during a non-invasive test / ECG stress test, stress echocardiography, myocardial perfusion 

scintigraphy /, performed before PCI. 

• In angiographically borderline stenoses, without previous evidence of myocardial ischemia, an 

invasive study of the Fractional Flow Reserve (FFR) was performed after intracoronary administration 

of adenosine or papaverine. FFR <0.80 was considered to be an indicator of hemodynamic 

significance of the stenosis. In selected cases, intracoronary ultrasound (IVUS) was used for more 

accurate morphological assessment of coronary stenosis of the LM. 

• in patients with stable coronary heart disease or 'silent' myocardial ischemia with critical stenosis> 

90% in two angiographic views and with stenosis> 50% and evidence of ischemia or FFR <0.80. 

• in case of significant coronary heart disease, suitable for surgical revasularization, but in case of 

stated refusal of surgical treatment. 

9.3.PCI - protocol 

• in 95% of the patients radial access was used, and in the rest - femoral 

• unfractionated heparin at a single bolus dose of 100 IU / kg immediately after gainig vascular access, 

followed by titration of the heparin dose to a target activated clotting time (ACT) of 250-300 seconds. 

• cannulation with a guiding catheter / 5, 6 or 7Fr /, then passage through the area of the target 

coronary stenosis with a coronary guidewire  /0.014 ”/  

• balloon predilatation with subsequent implantation of a drug-eluting coronary stent / DES /, with full 

coverage of the treated coronary stenosis. 

• post-dilation with a high-pressure balloon catheter in the area of the implanted DES 

• interventional treatment of stenoses with simple balloon angioplasty / POBA / in case of immediate 

angiographic result - residual stenosis <30%, without evidence of flow-limiting dissection and normal 

distal blood flow. 

• in bifurcation stenoses (Medina) - provisional stenting, with DES implantation only in the main 

vessel. (for a small number of patients, bifurcation stenting techniques with 2 stents - Culotte and T-

stenting) waere used 

• thrombaspiration and intravenous / intracoronary administration of a 2B 3A inhibitor in angiographic 

evidence of coronary thrombosis 

• double antiplatelet therapy / Clopidogrel 75 mg and Aspirin 100 mg / in all patients for 12 months 

after DES implantation and for 1 month after POBA. 

• post-procedural 12-lead ECG recording and monitoring of BP (ECG and cardiac biomarkers were 

performed on each episode of chest pain) 

• in the post-procedural period, patients with ACS were actively monitored for 24 hours in the 

intensive care unit with continuous monitoring of ECG and BP; ECG and cardiac biomarkers (CK, 

CK-MB and troponin) were tested at 2, 6 and 12 hours. 

 

 

Statistical methods 

The statistical processing of the data was performed in accordance with the following 

main factors: 1) The goals and objectives of the present study; 2) The type of data (nominal, 

ordinal, interval, relative); 3) The distribution of quantities. The values measured on 

longitudinal scales were checked for symmetry and normality of the distribution by the 

Shapiro-Wilk test. Normal distribution was accepted in the absence of statistical significance 



according to the Shapiro-Wilk test (p> 0.05) and skewness values within the allowed range (-

1 / + 1) (George & Mallery, 2009). For long-term quantities with normal distribution, 

parametric statistical methods were used, and in the absence of normal distribution, non-

parametric statistical analyzes were applied. Nominal, ordinal and binary values were 

processed by frequency analysis and presented in number and percentage. Demographic data 

on age and sex distribution was presented as mean and standard deviation and processed by T-

test for independent samples and χ2-square (Chi-square test). Parameters, with normal 

distribution were presented as arithmetic mean ± standard deviation. The following 

parametric analyzes were applied to them: 

• Mean values and standard deviation - descriptive statistics 

• t-test for independent samples for comparison of two independent groups (Independent 

samples t-test) 

• Pearson-r correlation analysis to examine the relationship between two long-term, normal 

distributions. 

For values with asymmetric distribution, the following non-parametric methods were used in 

the data analysis: 

• Median and range between minimum and maximum value - descriptive statistics 

• The Mann-Whitney U test for comparing two independent groups 

• Spearman’s rank-order correlation to study the relationship between two quantities with 

asymmetric distribution and / or measured on an ordinal scale 

For values presented on nominal, binary or ordinal scales, non-parametric statistical analyzes 

were applied: 

• Frequency analysis (Number and %) 

• χ2-square test (Chi-square test) to establish the association between quantities measured on 

nominal or ordinal scales 

• Fisher's exact test to compare proportions 

• Binary logistic regression 

• ROC curve (area under the curve - AUC) 

• Sensitivity, specificity and threshold criteria 

The results are summarized in tables illustrated with figures and graphs using 

Microsoft Excel 2016 and include 

• Pie charts 

• Graphs of individual and average values (Individual value plots) 

• Scatter plots to represent significant correlations 

• Binary fitted regression line 

• ROC curve 

To assess survival, the following were used: Kaplan-Meier method - to assess survival 

function, median survival (MS), minimum and maximum survival. Log rank test - to compare 



the survival function in two or more samples Cox proportional hazard model - to assess the 

impact of one or more factors on survival. Statistical significance was reported at the 

permissible error level alpha = 0.05 (p <0.5). The data analysis was performed with the 

statistical program IBM SPSS, version 26 (2018), the specialized program for medical 

analysis MedCalc version 19.0.7 (2019) and the statistical program Minitab version 18.1 

(2017). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Results 

І. Demographic characteristics, combination of carotid and coronary heart 

disease, risk factors and comorbidity. Risk profile of patients 

 

Demographic characteristics of the studied population. A sectional study in clinical 

and outpatient conditions was performed at the Interventional Cardiology Unit of ‘St. George’ 

University Multi-profile Hospital for Active Treatment, Clinic of Cardiology, First 

Department of Internal Diseases, Plovdiv. The study included 314 patients with symptomatic 

CS who underwent single-stage selective coronary and carotid angiography prior to carotid 

stenting and, if necessary, initial coronary revascularization. The observation period was 101 

months (05.2011 - 09.2019), on average 40.9 ± 27.6 months (Fig. 1). 

Age distribution. The variable "age" is not normally distributed (λ = 0.06; df = 329; p 

= 0.008). (Table 1 and Figure 4). The mean age of the patients was 69.6 years (61-78 years) 

with two distant points in the low values of the variable. The youngest patient was 45 years 

old, and the oldest - 88 years old. 

Table 1 Distribution by age and sex 

Sex 39-48 years 

Number  

% 

49-58 years 

Number     

% 

59-68 years 

Number     

% 

69-78 years 

Number     

% 

79-88 years 

Number     

% 

Total 

Number     

% 

Male  5 (2,1) 22 (9,2) 74 (30,8) 106 (44,2) 33 (13,8) 240  (76.4) 

Female  1 (1,4)   9 (12,2) 20 (27,0) 29 (39,2) 15 (20,3)   74  (23,6) 

Total 6 (1,9) 31 (9,9) 94 (29,9) 135 (43,0) 48 (15,3) 314  (100,0) 

Figure 4 Box-plot of the „age“ variable

 

Every fourth (43.0%) patient was aged between 69 and 78 years, with over 58.3% of 

patients studied aged above 70. 



Gender distribution. Table 1 shows that in the studied population the ratio of men: 

women was 240 (76.43%): 74 (23.56%). The predominance of males is the expected 

significant difference (z = 13.8; p = 0.000). 

Concomitant carotid and coronary artery disease. The goals and objectives set in 

the study and especially the formation of criteria for individual revascularization approach 

require detailed data on the underlying CAD, cerebrovascular, cardiovascular and peripheral 

artery pathology. We established concomitant involvement of 2 or more vascular areas in 284 

patients.  

Concomitant carotid and coronary artery disease (figure 5) 

 

Risk factors. Most of the patients had history and evidence of more than one risk 

factor based on the information acquired (table 2). What is to be noticed is the absolute 

incidence of hypertension (100%), overweight - in every second patient (56,4%) and active 

smoking (56,8%), what is more every third patient suffered from diabetes (33,4%) or 

hypertriglyceriemia (29,6%). 

Table 2 Main risk factors for atherosclerosis 

Risk factors  Male Number % Female Number % Total 

  CAD (+)  

N=224   

CAD(-) 

N=16 

CAD (+) 

N=60 

CAD (-) 

N=14 

  

N =314 

Hypertension  224  (100,0) 16  (100,0) 60  (100,0) 14 (100,0) 314 (100,0) 

Age above 70 102  (45,5) 10  (62,5) 33  (55,0) 6  (42,9) 151 (48,1) 

Overweight 122 (54,5)  9   (56,3) 38  (63,3) 8  (57,1) 177 (56,4) 

Smoking 139  (58,6) 12 (75,0) 27  (45,0) 7  (50,0) 185 (58,9) 

Diabetes  70   (31,3) 4  (25,0) 27 (45,0) 4 (28,6) 105 (33,4) 

Hypertriglyceridemia  65   (29,0) 5  (31,3) 18 (30,0) 5 (35,7)   93 (29,6) 

Hypercholesterolemia 48   (21,4)  3  (18,8) 14 (23,3) 3 (21,4) 68 (21,7) 

CKD 47   (21,0)  1  (6,3) 13  (21,7) 1 (7,1)   62 (19,7) 

COPD  11    (4,9) 0  (0)   5  (8,3) 3 (21,4) 19 (  6,1) 

Anemia   8     (3,6) 0  (0)   6   (10,0) 0  (0)   14 (  4,5) 



Impaired depurative renal function, as an unfavorable condition for contrast angiography 

studies occurs in every 5th (19.7%) of the studied patients. The frequency of individual risk 

factors (RF) shows no significant difference with regards to gender. The exception is 

concomitant COPD, which is twice as common in women -10.8% compared to 4.58% in men. 

Standard atherosclerotic RF, in addition to their high relative share in general, are found in 

unfavorable combinations in the individual patient. We chose only 7 of the most common risk 

factors for Bulgarian population, with 71.1% of patients having 3 or more comorbidities and  

36.4% with 4 or more (Table 3).    

Table 3 Comorbidity combination 

 2 

comorbidities 

3 

comorbidities 

4 

comorbidities 

5 

comorbidities 

>5 

comorbidities 

Number of patients 91(28,9%) 109 (34,7%) 66 (21,0%) 34(10,8%) 14(4,5%) 

 

Comorbidities: arterial hypertension, diabetes mellitus, PAD, COPD, heart failure, dyslipidemia, 

obesity grade 3. 

Concomitant cerebral, cardiac and peripheral vascular pathology. The incidence 

of cardiac, cerebral and peripheral pathology is the main cause of mortality and the reason 

why our country ranks among the first in Europe by those indicators. A separate analysis of 

these factors alone showed hypertension in 100% of the cohort, followed by HF with an 

incidence of 39.8%, and ischemic cerebrovascular accident in 38% of patients; 38.2% had 

previous myocardial infarction (MI). The latter without reaching statistical significance are 

more common in men under 70 and in women above 70 (Table 4). 

Table 4 Concomitant cardiac and vascular pathology 

Cardiovascular pathology Male  / Number % Female / Number % Total 

  CAD (+)  

N=224   

CAD(-)  

N=16 

CAD(+) 

N=60 

CAD(-) 

N=14 

 

N =314 

Previous MI 99 (44,2) 1  (6,3) 20(33,3) 0  (0) 120 (38,2) 

Cardiac pacemaker 16 (7,1) 1  (6,3)   3 (5,0) 1 (7,1) 20  (6,4) 

Valvular heart disease 66 (29,5) 3  (18,8) 16(26,7)  3 (21,4) 88 (28,0) 

Atrial fibrillation 29 (12,9) 2 (12,5) 5 (8,3) 0 (0) 36 (11,5) 

Heart failure 99 (44,2) 4  (25,0) 21 (35,0)  1 (7,1) 125 (39,8) 

Hypertension  224 (100,0) 16 (100,) 60 (100,0) 14 (100) 314 (100) 

Renal artery stenosis 3  (1,3) 0  (0) 2 (3,3)  1 (7,1) 6 (1,9) 

PAD 41 (18,3) 3  (18,8) 4 (6,7)  1 (7,1) 49 (15,6) 

Previous ischemic CVA 95 (42,4) 8(50,0) 18 (30,0) 4 (28,6) 125 (38,0) 

PAD is the concomitant pathology in 49 (15.6%) of the patients, and in 45 (91.8%) of 

them interventional and / or surgical peripheral revascularization was performed. The 

situation is similar in the 6 patients with renal stenosis who underwent successful angioplasty 

prior to the study. 



General risk profile. The data obtained above show on the one hand an extremely 

high frequency of the combination of carotid and coronary heart disease in 90.4%, and on the 

other - a pronounced comorbidity with leading cardiac and cerebral pathology. Based on the 

above, 274 (87.2%) of the patients referred for CAS were assessed as high-risk, and a 

combination of carotid and coronary artery disease was present in the whole group. Only 40 

(12.8%) of the patients were at standard risk and had refused surgical treatment. This 

characteristic feature of the patient population was the grounds for choosing the optimal 

surgical or interventional revascularization strategy. 

ІІ. Comparative risk - stratification of patients with and without CAD, 

characteristics of carotid and coronary artery disease. 

Comparative characteristics of risk factors in patients with and without CAD. In 

executing objective No 2 the two groups with and without CAD were compared using a total 

of 26 indicators in 3 categories of conventional risk factors, cardiovascular and carotid 

pathology. Based on them, a comprehensive assessment of the risk profile of patients between 

comparable groups was performed. From the data in Table 2 it is evident that there is no 

statistically significant difference in the frequency of the major risk factors between the 

groups with and without CAD. There is a tendency for a higher share of women without CAD 

compared to men, respectively 18.4% compared to 6.3%. Women without CAD are relatively 

younger, without anemia, less likely to suffer from CKD but more frequently with COPD. 

Concomitant cardiovascular pathology. Regardless of the presence or absence of 

CAD, the cardiovascular pathology was similar and without statistically significant difference 

(Table 2). The incidence of hypertension is again absolute, and the CVA and PAD incidence 

was similar in both groups. It is noteworthy that 1 patient without CAD had evidence of non-

atherosclerotic MI. Women without CAD did not usually suffer from arrhythmia, and HF is 

less common. The incidence of PAD and CVA in both sexes was indistinguishable in the 

groups with and without CAD. 

Coronary pathology - characteristics. According to the internationally accepted 

classification, CAD is defined as one-, two-, three-vessel or multi-vessel depending on the 

presence of angiographically documented stenosis ≥50%, affecting a main coronary vessel 

/LM, LAD, LCX, RCA /. 

Table 5. Coronary artery disease in patients with concomitant carotid stenosis 

CAD Number  % Valid % Cumulative  % 



One-vessel disease 45 15,8 15.8 15,8 

Two-vessel disease 82 28,9 28,9 42.4 

Three -vessel disease 157 55,3 55,5 93.4 

Executing objective No 2, the data in Table 5 show a significant manifestation of 

coronary artery disease, demonstrated by initial single-stage selective coronary and carotid 

angiography in patients referred for CAS. One-vessel coronary artery disease was the rarest 

(15.8%), but more than half of patients had three-vessel (55.5%) CAD. 

Clinical manifestation of CAD. The main clinical manifestation of coronary artery 

disease in the studied cohort was unstable angina ˂ 30 days before CAS - 149 patients 

(52.5%), and stable CAD with evidence of ischemia in 99 (34.9%) -  Fig.6). 

Fig.6 Clinical manifestation of CAD in patients with carotid artery disease 

 

Blue - MI 

Red - unstabe angina under 30 days before CAS 

Green - stable CAD with evidence of ischemia 

Orange - stable CAD without evidence of ischemia 

Yellow - asymptomatic CAD 

119 patients (41.9%) had experienced MI, and 16 (2.1%) had suffered one within the last 4 

weeks (Fig. 7). 

Fig. 7. Myocardial infarction in patients with carotid and coronary heart disease 



 
Blue - no previous MI 

Red - 1 previous MI 

Green - more than one previous MI 

Risk stratification of coronary pathology. Risk stratification is an essential 

prerequisite for the assessment of coronary stenosis, as a vital indicator for the selection of an 

appropriate revascularization strategy. We performed quantitative analysis of 

angiographically established coronary stenoses and grafts in all patients with coronary 

pathology. Risk stratification was performed by means of the Gensini score and Syntax score 

I systems, the 7 angiographic degrees of vascular lumen reduction by atherosclerotic plaques 

and the hemodynamic significance of coronary stenosis: > 50% of LM and LAD in the 

proximal segment and> 75% of LCX, RCA, LAD in medial and distal segment or their large 

branches with a diameter> 1,5mm. 

Gensini score. Gensini's criteria assess the sum of the degree of coronary stenosis and 

its location in individual coronary arteries. We assigned the patients in the 3 generally 

accepted groups (Fig. 8). There is no significant difference between the individual risk 

groups, but patients with a Gensini score of 70 (42.5%) predominate. 

Figure 8.  Risk stratification of coronary atherosclerosis by means of Gensini score 



˃ 

 

Syntax score. The Syntax score was also calculated to assess coronary artery disease 

for preliminary risk stratification in 284 patients (Fig. 9). In addition to the degree of stenosis, 

Syntax score includes factors influencing the technical feasibility of interventional 

revascularization and its prognosis (such factors are absent in the Gensini score). The Syntax 

score "0-22" group prevails with 137 (48.2%) patients, followed by the group with Syntax 

score> 32 in 92 (32.4%) patients, among the three separate groups of coronary atherosclerosis 

defined by the above mentioned criteria . 

Fig. 9 Risk stratification of coronary atherosclerosis by means of Syntax score

 

Carotid pathology - characteristics. 

Ultrasound and angiographic imaging were used to assess carotid pathology. Of the 

314 patients with evidence of carotid stenoses, unilateral stenosis was the most common in 

205 (65.3%) patients (Table 6). 

Table 6. Carotid pathology in patients with and without CAD 

 



Indicators   Patients without CAD 

(30) 

 number (%) 

Patients with CAD (284) 

number (%) 

Total 

Previsous CVA 12 (40,0) 113 (39,8) 125 (39.8) 

High surgical risk 10 (33,3) 264 (93,0) 274 (87.3) 

Unilateral CS 22 (73,3) 183 (64,4) 205 (65.3) 

Bilateral CS 7 (23,3) 87 (30,6) 94 (29.9) 

CAS and totoal contralateral 

carotid artery occlusion 

1 (3,3) 14 (4,9) 15 (4.8) 

Carotis score 1-4 21 (70,0) 177 (62,3) 198 (63.1) 

Carotis score 5-9 9 (30,0) 107 (37,7) 116 (36.9) 

 

Every third patient (29.9%) had bilateral stenosis. The unfavorable combination of significant 

stenosis and contralateral total occlusion was found in 15 (4.8%) patients. Although the 

relative proportion of CVAs and symptomatic carotid stenosis predominated in patients 

without CAD, no significant differences were found between the two comparable groups in 

the analyzed data on carotid disease. However, in the group with CAD the number of patients 

with high surgical risk was about 3 times higher than in the group without CAD (p ˂ 0.05). A 

total of 125 (32.8%) patients had already experienced a stroke up to 6 months before the 

intervention, and 22 (7.1%) of them had more than one stroke (Fig. 10). Every third patient 

(29.9%) had bilateral stenosis. a stroke up to 6 months before the intervention, and 22 (7.1%) 

of them had more than one stroke (Fig. 10). 

Fig. 10. Number of ischemic strokes 

 

Blue - no history of ischemic stroke 



Red - 1 previous ischemic stroke 

Green - more than one ischemic stroke 

 Risk stratification of carotid disease. NASCET criteria. The degree of carotid 

stenosis was assessed angiographically according to the NASCET criteria. They are most 

accurate in terms of stenotic hemodynamics, reflecting the ratio of the diameter of the residual 

lumen in the stenotic region to the diameter of the distal region of the internal carotid artery. 

Depending on the angiographic quantitative analysis, carotid stenosis is interpreted in 8 

degrees: normal / without plaque or stenosis /, insignificant plaque - up to 30% reduction of 

the lumen, low-grade stenosis - 30-49%, moderate stenosis - 50-69% , high-grade stenosis - 

70-89%, critical stenosis - 90-95%, subtotal occlusion - 95-99%, total occlusion - 100%. 

Carotid score. In the absence of a score system in available literature, we introduced 

our own carotid score. 

Fig. 11 Assessment of carotid stenosis by means of carotid score 

Patient distribution according to their carotid score 

 

It was calculated for each patient according to the following method: 0 points for 0-29% 

stenosis, 1 point for low-grade stenosis of 30-49%, 2 points for moderate stenosis - 50-69%, 3 

points for high-grade / critical stenosis - 70-95%, 4 points for subtotal occlusion - 95-99% and 

5 points for total occlusion - 100%. The number of points for the two carotid arteries in each 

patient is summed. The distribution of patients based on the number of points according to 

carotid score shows that the majority of patients had a score of 3 - 132 (40.1%) patients, 

corresponding to high-grade / critical stenosis of 70-95%. The average carotid score of our 

patients was 4.2 points (Fig. 11). Based on the above information we defined three risk 

groups, among which patients with carotid score ≤ 4 predominate (Fig. 12). 

Fig. 12 Carotid score - risk groups 

Patient distribution according to carotid score 



 

Green - 1-4 points 

Yellow - 5-7 points 

Red - 8-9 points 

Carotid score validation. Before using our carotid score in the intergroup analyzes, 

we evaluated the risk groups formed by it as a prognostic indicator for the survival of all 

patients. (Fig. 13) 

Fig. 13. Carotid score and survival 

 

Significantly reduced survival in the group of patients with a high-risk carotid score of 5-9 (p 

= 0.006) was demonstrated by the Kaplan-Meier method and the Log-rank test. We also tested 

the carotid score for the most severe manifestation of carotid stenosis - stroke. Regression 

analysis demonstrated a statistically reliable model (p = 0.030), where the increase in the 

mean carotid score increases the number of suffered ischemic strokes (Fig. 14). 

Figure 14  Carotid score and stroke 



 

Vertical axis - average carotid score 

Horizontal axis - number of strokes 

Comparative risk profile of patients with CAD and without CAD. Based on the 

demographic data presented above, standard RF, carotid and coronary heart disease, 

concomitant cerebral and cardiac pathology and its clinical manifestation, we assessed the risk 

profile of the studied patients. Of these, 274 (87.3%) were comprehensively assessed as high 

risk. (Table 7) 

Table 7. Risk profile of patients with and without CAD 

Patients  Standard   High risk Total  

With CAD 20 (  7,0%) 264 (93,0%) 284 (100,0%) 

Without CAD 20 (66,7%)   10 (33,3%)   30 (100,0%) 

Total 40 (12,7%) 274 (87,3%) 314 (100,0%) 

Here we found a significant difference between the two groups with and without CAD. While 

the high relative share of high-risk patients with CAD is 93.0% and almost a rule, the group 

without CAD is dominated by patients with standard risk - 66.7%.  

ІІІ. Peri- and post-procedural outcomes, frequency and characteristics, risk 

factors and independent predictors of outcome. 

1. Intra- and periprocedural results by day 30 

General information. According to the goals and objectives and accepted clinical and 

interventional protocols, all patients were followed up for periprocedural complications after 

CAS, namely: ipsilateral major and minor stroke, TIA, AMI, death, contrast-induced 

nephropathy and local complications associated with vascular access (Table 8). 314 

procedures were analyzed with routine coronary angiography before CAS and, if necessary, 

coronary revascularization. In 294 (93.6%) of the patients no periprocedural complications 

were registered. The most common periprocedural complication was TIA, reported in 12 



patients (3.8%). Ipsilateral strokes in-hospital came second with a total of 7 patients (2.2%); 5 

of them (1.6%) were diagnosed as "minor" periprocedural strokes without residual 

neurological symptoms. 

Table 8. Periprocedural complications 

 Number of patients % 

No complications 294 93,6 

TIA 12 3,8 

Minor stroke 5 1,6 

Major stroke 2 0,6 

Hyperperfusion syndromme 1 0,3 

Miocardial infarction 0 0 

Death  0 0 

Total  314 100% 

At follow-up by day 30, 1 more patient was diagnosed with ischemic stroke. Large 

haematomas (> 5 cm) were found in 12 patients (3.8%) and surgical intervention was required 

in 1 patient. Femoral access was used to perform CAS in all patients with haematomas. CAS 

did not result in death within the intraprocedural and periprocedural period by day 30. 

Periprocedural complications in patients with and without CAD. The 

periprocedural complications of 317 procedures in 299 patients with CAD and 32 procedures 

in 30 patients without CAD were analyzed (Table 9). 

Table 9. Periprocedural complications after CAS in patients with or without CAD 

Periprocedural complicaiton Patients without CAD   

(30 patients ) 

Patients with CAD          

(284 patients) 

No complicaitons 27 (90,0%) 266 (93,1%) 

TIA 2 (6,7%) 10 (3,5%) 

Minor stroke 1 (3,3%) 4 (1,4%) 

Major stroke 0  2 (0,7%) 

Hyperperfusion syndromme 0  1 (0,4%) 

Infarction  0  0 

Death  0 0 

Total number of complications  3 (10,0%) 17 (5,98%) 

Risk factors for periprocedural complications. 

We analyzed 4 main groups of factors of more than 25 indicators with probable 

influence on the frequency and / or clinical manifestation of periprocedural complications: 1. 



Gender and age 2. Cardiac and coronary pathology, comorbidity 3. Carotid pathology 4. 

Technical factors and procedure experience. 

Gender and age. No statistically significant differences were found with respect to 

periprocedural complications (TIA and stroke) depending on gender (χ2 = 3.276, p = 0.513), 

although 11 (91.7%) of the registered TIAs and 5 (71.4%) of the registered ischemic strokes 

occurred in men (Table 10). 

Table. 10Periprocedural complications in terms of age and gender 

Periprocedural 

complications 

female Male  ˃ 70 years  ˂ 70 years Total  

No complications 71 (95,9%) 223 (75,9%) 139(90,6%) 156(95,7%) 294 

TIA 1 (1,4%) 11 (4,6%) 8 (5,3%) 4 (2,5%) 12 

Stroke 2 (2,7%)     5 (2,1%) 4 (2,6%) 3 (1,8%) 7 

Total  74 (23,6%) 240 (76,4%) 151(48,1%) 163(51,9%) 314 

In terms of gender and age as risk factors, statistical significance was demonstrated for the 

combination of  female gender + CKD (χ2 = 8.993, p = 0.011), and the most common 

combination in the studied population - men above 70, showed marginal reliability (p = 

0.057). 

Comorbidity and periprocedural risk. The majority of concomitant diseases and 

functional organ disorders turned out to be of no reliable predictive significance for 

periprocedural complications (Table 11). 

Table 11. Periprocedural complications after CAS - intergroup analysis 

Intergroup analysis р Intergroup analysis р 

With CAD vs without CAD р=0.914 With diabetes vs without diabetes p=0.962 

With previous MI vs without MI p=0,027 With CKD vs without CKD р=0.746 

With previous CVA vs without 

CVA 

р=0.039 With COPD vs without COPD p=0.183 

With valvular heart disease vs 

without valvular heart disease 

р=0.970 With HF vs without HF p=0.131 

With atrial fibrillation vs without 

atrial fibrillation 

р=0.541 With PAD vs without PAD p=0.503 

With PPM vs without PPM р=0.501 With anemia vs without anemia р=0.362 

 Significant relation to periprocedural complications was established only in terms of previous 

cardiovascular events: myocardial infarction and ischemic stroke (Table 12). The relative 

share of patients without periprocedural complications was twice lower in patients with prior 

MI (36.7% MI) , compared to patients without MI (63.3%). The difference is most significant 

in patients with periprocedural TIA (χ2 = 7.203, p = 0.027). 

Table 12. Periprocedural complications and prior myocardial infarction 



Periprocedural complications No MI Previous MI Total  

No Complications 187 (63,3%) 108(36,7%) 295 

TIA 3 (25,0%) 9 (75,0%) 12 

Ischemic stroke 4 (57,1%) 3 (42,9%) 7 

Total 194 (61,7%) 120 (38,3%) 314 

 A prior ischemic stroke turned out to be of similar predictive significance. (Table 13). CAS 

was uncomplicated in 94.8% of patients without history of stroke. The intergroup analysis 

demonstrated that the incidence of TIA was statistically significantly higher in the group with 

more than 1 stroke compared to those without a history stroke - χ2 = 6.508, p = 0.039). 

Table 13. Relationship between periprocedural complications and stroke 

 

Complications  No history of stroke Previous stroke Total  

No complications 182 (61,7%) 113 (38,3%) 295 

TIA 3(25,0%) 9 (75,0%) 12 

Stroke 4(57,1%) 3(42,9%) 7 

Total  189 (60,2%) 125 (39,8%) 314 

Carotid score and periprocedural risk. Periprocedural complications in patients 

with low carotid score were found to be the rarest or absent. 

Fig. 15 Carotid score and periprocedural neurological complications 

 

Vertical axis - average carotid score 

Horizontal axis - periprocedural complications range: no complications - TIA - Ischemic stroke 

 

Their incidence increases parallel to the increase of the carotid score: in the group without 

periprocedural complications the average carotid score was 4.22, in patients with TIA it was 

4.33 and for those who suffered periprocedural stroke - 4.71 (Fig. 15). This tendency did not 

show reliability when examined using the variance regression analysis (p = 0.744). A high 

carotid score (5-9) in female patients turned out to be predictive of periprocedural 

complications χ2=7.391, p=0,025 (table 14). 

Table 14. Correlation between periprocedural complications, carotid score and gender 



Gender  Complications Score 1-4 Score 5-9 Total  

 No complications 52 (70,3%) 19 (25,7%) 71 (95,9%) 

Female TIA 0 1 (4,5%) 1 (1,4%) 

 Stroke  0 2 (9,1%) 2 (2,7%) 

 Total  52 (70,3%) 23 (29,7%) 74 (100%) 

 No complications 136 (56,7%) 87 (36,3%) 223(92,9%) 

Male TIA 6 (4,1%) 5 (5,3%) 11 (4,6%) 

 Stroke 4 (2,8%) 1 (1,1%) 5 (1,3%) 

 Total 146 (60,8%) 94 (39,2%) 240 (100%) 

Bilateral carotid pathology. The analysis of our results did not show a significant 

association between the presence of bilateral carotid pathology and the procedural risk of 

carotid stenting (χ2 = 1,498; p = 0.827), despite the higher rate of neurological periprocedural 

complications in the group of patients with bilateral stenosis. No periprocedural complications 

were registered in the group of 15 patients with contralateral occlusion (Table 15). 

Table. 15 Periprocedural complications in bilateral carotid disease 

 

 

Periprocedural complications Unilateral 

stenosis 

Bilateral 

stenosis Total occlusion 

Total  

No complications 193 (65,6%) 86 (29,3%) 15 (5,1%) 294 

TIA 8 (66,7%) 4 (33,3%) 0   17 

Major stroke 2 (100,0) 0 0 2 

Minor stroke 2 (40,0%) 3 (60,0%) 0 5 

Hyperperfusion syndromme 0 1 0 1 

Total  205 94 15 314 

Technical factors and intraprocedural risk. Although significantly reduced, the risk 

of intraprocedural ipsilateral stroke due to mechanical impact on the atherosclerotic plaque, 

distal embolization of atherosclerotic detritus, and balloon pre- and post- dilatation remains 

the focus of attention. In order to deal with this task, we analyzed the following purely 

technical aspects of the procedure: pre- and post-dilation, the type of stent used, the "slow 

flow" phenomenon, the intraprocedural radiation time and the amount of contrast medium 

used in all 314 procedures. 

Pre- and post-dilation. Regardless of the method - direct stenting or stenting after 

pre-dilation, no significant difference in intraprocedural complications was demonstrated 

between the two groups (χ2 = 2.071, p = 0.365), although 6 (85.7%) of the ischemic strokes 

and 11 (91.7 %) TIAs occurred in patients with pre-dilatation (Table 16). All registered 

periprocedural neurological complications occurred in the group with balloon post-dilation, 

but no statistical significance (χ2 = 1.303, p = 0.521) was established. 



Table 16. Intra-procedural complications depending on the stenting technique 

Periprocedural 

complications 

Pre-dilation 

(-) 

Pre-dilation 

(+) 

Post-dilation 

(-) 

Post-dilation 

(+) 

Total  

No 

complications 

73(97,3%) 222(92,9%) 19 (100,0%) 276 (93,6%) 295 

TIA 1 (1,3%) 11 (4,6%) 0 12 (4,1%) 12 

Stroke 1 (1,3%) 6 (2,5%) 0   7 (2,4%) 7 

Total 75(23,9%) 239(76,1%) 19 (5,4%) 295 (93,9%) 314 

Type of stents used. We took the liberty to analyze the significance of the 3 types of 

stents used for implantation: one closed-cell design stent (1.08 mm2 free zone) and 2 open-

cell stents (5.89 mm2 and 10.71 mm2 free zone). Uncomplicated carotid stenting was 

achieved in 97.7% of the patients receiving a closed-cell stent, in 88.0% of the patients 

undergoing open-cell stenting with a free zone of 5.89 mm2 and in 80% of patients with open-

cell stent with a free zone of 10.71 mm2. Conversely: the highest incidence of periprocedural 

complications - TIA (13.3%) and ischemic stroke (6.7%) was registered in the group of 

patients who received an open-cell stent with the largest free zone - 10.71 mm2. Statistically 

significant, the incidence of TIA and stroke was higher in the group of patients with an open-

cell stent implanted and lower in the group of patients with a closed carotid stent implant - p = 

0.001. (Table 17) 

Table 17. Periprocedural complications and the type of stent 

Periprocedural 

complications 

Closed-cell stent 

1,08 mm2 

Open-cell stent 

5,89 mm2 

Open cell stent 

10,71 mm2 

Total  

No complications 195 (98,0%) 67 (89,3%) 33 (82,5%) 295 (93,9%) 

TIA 2 (1,0%) 6 (8,0%) 4 (10,0%) 12 (3,8%) 

Stroke 2 (1,0%) 2 (2,7%) 3 (7,5%) 7 (2,2%) 

Total  199 (63,4%) 75 (23,9%) 40 (12,7%) 314 (100%) 

Slow flow. Among the 18 patients with slow flow during stenting, the frequency of 

TIA (27.8%) and CVA (11.1%) was higher than in the absence of slow flow, respectively - 

2.4% and 1.7%. This phenomenon, resulting from detrital blockage of the embolization 

protective device, showed reliable predictive significance in the intergroup analysis - χ2 = 

37.623, p = 0.000. (Table 18) 
 

Table 18. Periprocedural complications and slow flow 

Periprocedural 

complications 

Slow flow (-) Slow flow (+) Total 

No complications 284 (95,9%) 11 (61,1%) 295(93,9%)  

TIA 7 (2,4%) 5 (27,8%) 12 (3,8%) 

Ischemic stroke 5 (1,7%) 2 (11,1%) 7 (2,2%) 

Total  296 (94,3%) 18(5,7%) 314 (100%) 

Residual stenosis. Patients with residual stenosis> 20% who require multiple (> 1) 

balloon post-dilatations to reduce the degree of residual stenosis have a significantly higher 



incidence of periprocedural complications χ2 = 17,717, p = 0.000. Among the 12 patients with 

residual stenosis> 20%, the incidence of TIA (25.0%) and IMI (8.3%) was significantly 

higher than the neurological complications of residual stenosis <20%, 3.0% and 1.9% 

respectively. (Table 19). 

Table 19. Periprocedural complications - residual stenosis 

 

Periprocedural 

complications 

Residual stenosis 

<20% 

Residual stenosis 

> 20% 

Total  

 

No complications 287 (95,0%) 8 (66,7%) 295 

TIA 9 (3,0%) 3 (25,0%) 12 

Stroke 6 (1,9%) 1 (8,3%) 7 

Total  302 (96,2%) 12 (3,8%) 314 

 

Procedure duration, amount of contras medium, contrast induced nephropathy.  

Regression analysis proved the intraprocedural radiation exposure (F = 11.161; p = 

0.000) and the amount of contrast medium injected (F = 3.800; p = 0.025) to be possible 

significant predictors of periprocedural neurological complications. The average radiation 

exposure duration in an uncomplicated procedure was 7.52 minutes, in patients with TIA - 

13.28 minutes, and in those who suffered a stroke - 13.06 minutes (Fig. 16). 

Figure 16. Periprocedural complications and radiation exposure duration 

 
Vertical axis - average radiation exposure duration in minutes 

Horizontal axis - complications range: no complications - TIA - Stroke 

 

The average amount of contrast matter used in carotid stenting was 133 ml, the 

minimum 50 ml and the maximum 280 ml (Fig. 17). Evidence of contrast-induced 

nephropathy (CIN) with AKI, leading to prolonged hospital stay was found in 9 (2.9%) 

patients. In 2/3 of the cases, CIN developed on top of underlying CKD. The average amount 

of contrast matter used in patients who developed CIN was 220 ml. 

Figure 17. Periprocedural complications and amount of contrast matter used 



 
Vertical axis - average amount of contrast matter in millilitres  

Horizontal axis - complications range: no complications - TIA - Stroke 

 

None of the patients needed haemofiltration or hemodialysis. In 44.4%, the 

development of AKI was accompanied by TIA and ischemic stroke, which suggests that 

contrast-induced AKI is a predictor of periprocedural neurological complications. (χ2 = 

25,845, p = 0,000). 

Periprocedural complications and adverse events at 1 year. There was no 

statistically significant relationship between periprocedural complications and adverse events 

(χ2 = 3.824, p = 0.430), late MI (χ2 = 0.949, p = 0.622). , stroke (χ2 = 2.753, p = 0.252) and 

death (χ2 = 6.563, p = 0.161) in the first year post CAS. No significant effect of 

periprocedural complications on survival was found (F = 1.109, p = 0.352). 

Predictive factors for intra- / peri- procedural complications. By linear regression 

analysis we tested 12 indicators with probable predictive significance for periprocedural 

complications up to 30 days: age> 70, 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

t Sig. 

95,0% Confidence 

Interval for B 

B 

Std. 

Error Beta 

Lower 

Bound 

Upper 

Bound 

1 (Constant) ,041 ,013  3,101 ,002 ,015      ,066 

"Slow flow" phenomenon ,348 ,055 ,339 6,365 ,000 ,241 ,456 

2 (Constant) ,009 ,015  ,576 ,565 -,021 ,039 

"Slow flow" phenomenon ,324 ,054 ,316 6,010 ,000 ,218 ,430 

Open-cell stent ,067 ,018 ,200 3,800 ,000 ,032 ,102 

3 (Constant) -,012 ,018  -,685 ,494 -,048 ,023 

"Slow flow" phenomenon ,321 ,054 ,313 5,982 ,000 ,215 ,426 

Open-cell stent ,066 ,018 ,197 3,778 ,000 ,032 ,101 

Previous MI ,057 ,026 ,115 2,222 ,027 ,006 ,107 

a. Dependent variable:periprocedural complications 

previous CVA, previous MI, open-cell carotid stent, high risk for CEA, bilateral carotid 

stenosis, carotid score, valvular heart disease, diabetes mellitus, CKD, PAD, HF. We found 

that only 3 of them have predictive significance in terms of periprocedural complications: 2 



technical factors - the "slow flow" phenomenon and open cell-stents, and a history of 

myocardial infarction (Table 20). 

ІV. Short term results during the first year of follow-up after CAS 

Adverse events in the 1st year after CAS. Follow-up up within the first 12 months 

after revascularization is not discussed very often. We deliberately analyzed complications in 

the patients due to their unfavorable risk profile and clinical practice data: the most common 

early adverse event after a stroke is a new stroke. A total of 282 patients were followed for 

cardiovascular events - MI, ischemic stroke, HF-related death, heart surgery or any others  for 

a full 12 months after CAS (Table 21). In 32 of the patients the observation lasted less than 1 

year after CAS. 

Table 21. Complications at 1 year after CAS 

 Number of patients % 

No events 263 83,8 

Ischemic stroke 3 1,0 

Death related to MI 1 0,3 

Death related to HF 5 1,6 

Death related to heart surgery 6 1,9 

Death from another cause 4 1,3 

Total  282 89,8 

 Complications and death were reported in 19 (6.1%) patients 1 year after CAS. A total 

of 16 (5.1%) patients died within the 1st year with heart disease being the main cause of death 

- 6 (1.9%) patients suffered HF and MI related death and 6 patients (1.9%)- cardiac surgery 

related. Ischemic stroke was reported in 3 patients without being the cause of death. The 

remaining fatalities were mostly due to malignancies and CKD. 

Complications after CAS at 1 year in patients with and without CAD. Adverse 

events by the end of the 1st year were analyzed separately for the two comparable groups 

(Table 22). In patients without CAD the only adverse event was death during surgery for 

valve prosthetics, performed at the end of the 1st year. The remaining rare adverse events 

were reported only in the CAD group, with inaccurate statistical analysis in the group without 

CAD probably due to insufficient number of patients (p = 0.759). 

Table 22. Complications at 1 year in patients with and without CAD 

Adverse events at 1 year Patients without CAD 

(27) 

Number (%)  

Patients with CAD (255) 

Number (%) 

No events 26 (86,7) 237(83,5) 



Ischemic stroke 0 (0) 3 (1,1) 

MI related death 0 (0) 1 (0,4) 

HF related death 0 (0) 5 (1,8) 

Heart surgery related death 1 (3,3) 5 (1,8) 

Other causes of death 0 (0) 4 (1,4) 

Total  27 (90,0) 255(90,0) 

Death from another cause 1 (3,3) 15(5,4) 

Gender and age. There was no significant difference in the incidence of reported 

adverse events in the 1st year after CAS, with regards to patients’ sex (χ2 = 3.254, p = 0.197) 

and age (χ2 = 1.212, p = 0.546). 

Carotid disease. No significant correlation was found between the indicators 

reflecting carotid disease and adverse events in the 1st year: carotid score (p = 0.915), 

bilateral stenosis (p = 0.924), prior ischemic stroke (p = 0.597). The lack of a reliable 

correlation between neurological periprocedural complications and adverse events in the first 

year (χ2 = 9.164, p = 0.517) was a significant finding. 

Coronary heart disease and concomitant cardiac pathology. With regards to 

cardiac and coronary artery disease, we looked for a correlation between patients with heart 

failure, left main stenosis, reduced EF and high Syntax and Gensini scores and the risk of 

death in the first year of follow-up. We did not find a statistically significant relationship 

between MI (p = 0.936) and adverse events at 1 year. 

Heart failure. Result analysis proved HF (χ2 = 19.127, p = 0.002) as one of the most 

significant predictors of early death in the first year (Table 23). 

Table 23. Heart failure and complications in the 1st year after CAS 

  Total 

No HF HF 

 No events Number  167a 96b 263 

% of all 59,2% 34,0% 93,3% 

Ischemic stroke Number 3a 0a 3 

% of all 1,1% 0,0% 1,1% 

Other causes of death Number 1a 3a 4 

% of all 0,4% 1,1% 1,4% 

Death related to HF Number 0a 5b 5 

% of all 0,0% 1,8% 1,8% 

Death related to MI Number 0a 1a 1 

% of all 0,0% 0,4% 0,4% 

Death at heart surgery Number 1a 5b 6 



% of all 0,4% 1,8% 2,1% 

Total  Number 172 110 282 

% от всички 61,0% 39,0% 100,0% 

 Left main stenosis. Follow-up at 1 year after CAS established that 5 of the patients 

with left main stenosis died from death related to cardiac surgery, and another 3 died from 

death associated with HF (Table 24). The difference in the number of deaths during the first 

year of follow-up in patients with left main stenosis (death of any cause) (9 (3.20%)) and in 

those without left main stenosis (7 (2.50%)) (χ2 = 7.753, p = 0.021) was found to be 

statistically significant. 

Figure 36 Left main stenosis and adverse events in the 1st year after CAS 

  No LM 

stenosis 

LM 

stenosis 

Total  

 No events Number  198a 65b 263 

% of all 70,2% 23,0% 93,3% 

Ischemic stroke Number 2a 1a 3 

% of all 0,7% 0,4% 1,1% 

Death of any cause Number 2a 2a 4 

% of all 0,7% 0,7% 1,4% 

Death related to HF Number 2a 3a 5 

% of all 0,7% 1,1% 1,8% 

Death related to MI Number 1a 0a 1 

% of all 0,4% 0,0% 0,4% 

Death at heart surgery Number 2a 4b 6 

% of all 0,7% 1,4% 2,1% 

            Total  Number 207 75 282 

% of all 73,4% 26,6% 100,0% 

 

Ejection fraction. A correlation was found between ЕF and adverse events in patients 

at 1 year follow-up (χ2 = 27.575; p = 0.002). Intergroup analysis showed the most significant 

differences in patients with EF <35% in terms of fatalities associated with HF (9.1%) and 

cardiac surgery (18.2%) compared to patients without registered events (72.7%) (Table 25). 

Regression analysis of variance also demonstrated a significant pattern (F = 4.351; p = 0.001), 

describing the relationship between the independent variable EF and the adverse events within 

the 1st year after CAS. 

Table 25. EF and adverse events within the 1st year after CAS 

  Total  

EF 

< 35% 

EF 

35%-55% 

EF 

>55% 

 

 No events Number  8a 95a 160b 263 



% of all 2,8% 33,7% 56,7% 93,3% 

Ischemic stroke Number 0a, b 3b 0a 3 

% of all 0,0% 1,1% 0,0% 1,1% 

Death of any 

cause 

Number 0a 2a 2a 4 

% of all 0,0% 0,7% 0,7% 1,4% 

Death related to 

HF 

Number 1a 3a, b 1b 5 

% of all 0,4% 1,1% 0,4% 1,8% 

Death related to 

MI 

Number 0a 0a 1a 1 

% of all 0,0% 0,0% 0,4% 0,4% 

Death at cardiac 

surgery 

Number 2a 3b 1b 6 

% of all 0,7% 1,1% 0,4% 2,1% 

Total  Number 11 106 165 282 

% of all 3,9% 37,6% 58,5% 100,0% 

 

All ischemic strokes (3) within 1 year of CAS were observed in the group of patients 

with EF 35% -55% (no statistical significance). 

Coronary score systems. 

It can be seen that in the first year after CAS, the highest number of events was 

recorded in the group of patients with Syntax score> 32: all patients with fatal cardiac surgery 

and the majority with reported stroke and HF mortality. (Table 26) The association between a 

high Syntax score> 32 and death of any cause is plausible. (χ2 = 10,550, p = 0.032). 

 

Table 26. Syntax score and adverse events within 1 year after CAS 

 

 Syntax score  Total  

Score 

0-22 

Score 

23-32 

Score 

>32 

 

 No events Number 119a 47a 71b  237 

% of all 46,7% 18,4% 27,8%  92,9

% 

Ischemic stroke Number 1a 0a 2a  3 

% of all 0,4% 0,0% 0,8%  1,2% 

Death of any cause Number 2a 0a 2a  4 



% of all 0,8% 0,0% 0,8%  1,6% 

Death related to 

HF 

Number 1a 1a 3a  5 

% of all 0,4% 0,4% 1,2%  2,0% 

Death related to 

MI 

Number 1a 0a 0a  1 

% of all 0,4% 0,0% 0,0%  0,4% 

Death at heart 

surgery 

Number 0a 0a, b 5b  5 

% of all 0,0% 0,0% 2,0%  2,0% 

Total  Number 124 48 83  255 

% of all 48,6% 18,8% 32,5%  100,0

% 

The same correlation model was established between Gensini score and all cause 

mortality within the first year of follow-up.  (χ2=7.962, р=0.019).(табл.27) 

Table 27. Gensini score and adverse events within the 1st year after CAS 

 Gensini score Total  

Gensini<7

0 

Gensini>7

0 

 No events Number  168a 94b 262 

% of all 59,8% 33,5% 93,2% 

Ischemic stroke Number 1a 2a 3 

% of all 0,4% 0,7% 1,1% 

Death of any cause Number 1a 3a 4 

% of all 0,4% 1,1% 1,4% 

Death related to HF Number 2a 3a 5 

% of all 0,7% 1,1% 1,8% 

Death related to MI Number 1a 0a 1 

% of all 0,4% 0,0% 0,4% 

Death at heart surgery Number 1a 5b 6 

% of all 0,4% 1,8% 2,1% 

Total  Number 174 107 281 

% of all 61,9% 38,1% 100,0% 

 

Coronary revascularization. A significant correlation was demonstrated between the 

degree of coronary revascularization achieved and adverse events  within the 1st year after 

CAS (χ2 = 15.653, p = 0.008). There is a statistically significant difference between the 

patients with incomplete coronary revascularization who died of HF-related death compared 

to those with complete coronary revascularization (p <0.05) (Table 28). 



Table 28. Complete / incomplete coronary revascularization and adverse events 

within the 1st year 

 

 

Coronary revascularization 

Total Incomplete   Complete  

 No events Number  25a 238a 263 

% of all 8,9% 84,4% 93,3% 

Ischemic stroke Number  0a 3a 3 

% of all 0,0% 1,1% 1,1% 

Death of any cause Number  1a 3a 4 

% of all 0,4% 1,1% 1,4% 

HF related death Number  3a 2b 5 

% of all 1,1% 0,7% 1,8% 

MI related death Number  0a 1a 1 

% of all 0,0% 0,4% 0,4% 

Death related to cardiac 

surgery 

Number  0a 6a 6 

% of all 0,0% 2,1% 2,1% 

Total  Number  29 253 282 

% of all 10,3% 89,7% 100,0% 

 

Surgical coronary revascularization. It was expected that the number of deaths 

related to cardiac surgery would raise mortality within the 1st year in the group of patients 

with CABG (χ2 = 17.993, p = 0.003). This, of course, cannot be used as an assessment 

indicator of the revascularization method, but should rather draw attention to the fact that our 

patients referred for surgical revascularization have a high risk profile. 

A comparison between patient groups shows that the difference between the number 

of patients undergoing surgical revascularization who died of cardiac death and event-free 

survivors within the 1st year was statistically significant (p <0.05) (Table 29). 

Table 29. PCI, CABG and causes of mortality at 1 year after CAS 

 

  Total  

PCI CABG 

 No events Number 169a 37b 206 

% of all 75,8% 16,6% 92,4% 

Ischemic stroke Number 3a 0a 3 

% of all 1,3% 0,0% 1,3% 

Death of any cause Number 1a 2b 3 

% of all 0,4% 0,9% 1,3% 

Death related to HF Number 3a 2a 5 



% of all 1,3% 0,9% 2,2% 

Death related to MI Number 1a 0a 1 

% of all 0,4% 0,0% 0,4% 

Death related to 

cardiac surgery 

Number 1a 4b 5 

% of all 0,4% 1,8% 2,2% 

Total  Number 178 45 223 

% of all 79,8% 20,2% 100,0% 

 

Coronary revascularization before vs after CAS. When comparing the results of 

follow-up within the 1st year after CAS, in terms of the time rather than the type of coronary 

revascularization - before or after carotid stenting, a significant difference was revealed: 

coronary revascularization before CAS turned out to be a significantly better therapeutic 

strategy (χ2 = 11.562, p = 0.041) (Table 42). 

Table 30. Coronary revascularization before / after CAS and causes of mortality 

at 1 year. 

  Total  

Coronary 

revasculari

zation 

before CAS 

Coronary 

revasculari

zation after 

CAS 

 No events Number  168a 38b 206 

% of all 75,3% 17,0% 92,4% 

Ischemic stroke Number 3a 0a 3 

% of all 1,3% 0,0% 1,3% 

Death of any cause Number 1a 2b 3 

% of all 0,4% 0,9% 1,3% 

Death related to HF Number 3a 2a 5 

% of all 1,3% 0,9% 2,2% 

Death related to MI Number 1a 0a 1 

% of all 0,4% 0,0% 0,4% 

Death related to 

cardiac surgery 

Number 2a 3b 5 

% of all 0,9% 1,3% 2,2% 

Total  Number 178 45 223 

% of all 79,8% 20,2% 100,0% 

Conversely, mortality in patients referred for cardiac surgery due to HF or of other 

cause compared to event-free survivors was significantly higher in the group of patients with 

coronary revascularisation after CAS (p <0.05). These results support our working hypothesis 

with statistical significance. 

Laboratory test results. It is worth mentioning the results of 9 patients with residual 

Troponin I> 0.1 after ACS less than 14 days before CAS. Elevated troponin I values did not 

affect immediate procedural outcomes (p = 0.256), but follow-up at 1 year revealed that 1 



patient died of HF-related death, one of cardiac death, and 1 of death by a different cause. 

Regression analysis found a statistically significant relationship between elevated troponin 

levels and mortality at 1 year (F = 5.411, p = 0.006) (Fig. 18). 

 

Figure 18. Residual troponin and mortality - 1 year follow-up 

 

Vertical axis - average troponin levels 

Horizontal axis - adverse events during the 1st year, range: no events, ischemic stroke, death of any cause  

 

Yet another biochemical inflammatory indicator - fibrinogen - showed a relationship to death 

of any cause within the first year (F = 4.136, p = 0.017) (Fig. 19). 

Fig. 19 Fibrinogen and adverse events after CAS at year 1 

 

 

Vertical axis - average fibrinogen levels 

Horizontal axis - adverse events during the 1st year, range: no events, ischemic stroke, death of any cause  

  

Comorbidities. Statistical analysis did not prove significant influence of of DM (χ2=2.459, 

р=0.292), PAD (χ2=0.657, р=0.720) and COPD (χ2=5.944, р=0.051) on adverse outcomes 

after CAS, at 1 year follow-up (table 31)  

Table 31 CKD and adverse events at 1 year after CAS 

 CKD Total 



NO YES 

 No events Number  219a 44b 263 

% of all 77,7% 15,6% 93,3% 

Ischemic stroke Number 3a 0a 3 

% of all 1,1% 0,0% 1,1% 

Any events Number 5a 11b 16 

% of all 1,8% 3,9% 5,7% 

Total  Number 227 55 282 

% of all 80,5% 19,5% 100,0

% 

 

 When comparing the outcomes of CAS in patients at high and standard risk, no 

significant difference was found (χ2 = 2.887, p = 0.236). Only CKD proved a strong predictor 

of adverse events within the 1st year after CAS (χ2 = 26.732, p = 0.000) in the patients 

studied. Dispersion regression analysis demonstrated that in addition to CKD as an organ 

disfunction, elevated levels of creatinine (F=8.311, p=0.000)  and urea (F=7.247, p=0.001) 

demonstrated a ‘mirror’ relationship to adverse events during the first year of the study (figure 

20 and 21). 

Fig. 20 Creatinine and adverse events at 1 year follow-up 

 

Vertical axis - average creatinine levels 

Horizontal axis - adverse events during the 1st year, range: no events, ischemic stroke, death of any cause  



Figure 21. Urea and adverse events at 1 year follow-up

 

Vertical axis - average urea levels 

Horizontal axis - adverse events during the 1st year, range: no events, ischemic stroke, death of any cause  

  

V. Long-term follow-up  

264 patients were monitored for MI, ischemic stroke and death after the first year. The mean 

follow-up period of the studied group of patients was 42.4 months, the maximum - 101 

months. A total of 14 patients with MI, 11 patients with ischemic stroke, 28 patients who died 

of cardiovascular death and another 41 patients who died of death from another cause were 

registered in the long-term follow-up (Table 32). 

Table 32 Adverse events in long-term follow-up 

Adverse events  Number   % 

Stroke  11 4,16% 

Death of stroke 1 0,37 % 

Myocardial infarction 14 5,30% 

Cardiac death  27  10,2% 

Cardiovascular death 28 10,57% 

Death of any cause 41 15,53%  

Total mortality for the period 69 26,13% 

The most common complications in long-term follow-up after CAS were analyzed for 

correlation with 4 groups of factors: 1. Gender and age 2. Cardiac and coronary pathology, 

comorbidity 3. Carotid pathology 4. Technical factors and operator experience (see there). 

Fatal outcome in long-term follow-up after the 1st year of CAS Among the final 

results of the study, which would reveal the effectiveness and efficiency of the adopted 

revascularization strategy is mortality (Fig. 22).  

Figure 22. Causes of late lethal outcome in long-term follow-up 

 



 
Late mortality 

Blue - alive 

Red - death related to stroke 

Green  - cardiac death 

Orange - death of any cause 

During long-term follow-up it was established that 27 patients (10.2%) died of cardiac death 1 

year after carotid stenting, 1 patient (0.4%) died of stroke-related death and 41 patients (15, 

5%) died of another cause. 

Mortality in patients with and without CAD. In agreement with the goal and 

objective No 3, we compared the late mortality between the groups with and without CAD 

(Table 33). 

Table 33. Cardiac and all cause mortality in patients with / without CAD 

 Alive  Cardiac death Death of any cause Total 

 With CAD 24a 1a 1a 26 

Without 

CAD 

171a 27a 40a 238 

Total 195 28 41 264 

Although only 1 patient in the CAD group died of cardiovascular death, the difference was 

not statistically significant compared to CAD patients. The only statistically significant 

difference between the groups was in terms of death from any cause (χ2 = 5.082, p = 0.024). 

Risk and predictive factors for adverse events in long-term follow-up 

Gender, age and comorbidity. There was no statistically significant difference in the 

incidence of late death in patients by sex (p = 0.936). However, the incidence of death from 

any cause is expected to be significantly higher in patients ≥ 70 years (p = 0.000). (Table 34) 

These results identify diabetes as a risk factor with 

Table 34. Concomitant disease and death after CAS in long-term follow-up 



Indicator Alive  Dead  Total  P= 

Diabetes  59 (62,8%) 35 (37,2%) 94 (100%) 0,002 

CKD 28 (65,1%) 15 (34,9%) 43 (100%) 0,154 

PAD 29 (70,7%) 12 (29,3%) 41 (100%) 0,619 

COPD 11 (84,6%)   2 (15,4%) 13 (100%) 0,366 

 

most significant impact on late mortality, but in interpreting these data it is worth noting that 

12 of the patients with CKD died as early as within the 1st year after CAS and most of them 

being on chronic hemodialysis therapy. This was reflected in the follow-up results of patients 

within the 1st year. 

Carotid and cerebrovascular pathology. The influence of indicators of 

cerebrovascular and carotid disease on late mortality is of particular interest. Although only 1 

patient died from stroke-related death, some of these indicators had a statistically significant 

effect on overall mortality at long-term follow-up (Table 35). 

Table 35. Cerebrovascular pathology, carotid pathology and mortality 

in long-term follow-up 

Indicator  Female Death Total p 

History of ischemic stroke >1 7 (41,2%) 10 (58,8%) 17 (100%) 0,006 

Bilateral carotid stenoses 60 (69,0%) 27 (31,0%) 87 (100%) 0,204 

High carotid score (5-9) 66 (70,2%) 28 (29,8) 94 (100%) 0,315 

Periprocedural neurological complications  9 (60,0%) 6 (40,0%) 15 (100%) 0,208 

Late ischemic stroke  5 (45,5%)  6 (54,5%) 11 (100%) 0,028 

TIA complications and ischemic stroke are not a statistically significant factor in late 

mortality during long-term follow-up. As already mentioned, only 1 patient’s death was 

directly related to ischemic stroke, but the indicator of late ischemic stroke is important for 

the overall late mortality. Of similar importance is the history of more than 1 ischemic stroke 

before CAS. 

Coronary pathology. Late cardiac mortality turned out to be directly plausibly dependent on 

a number of indicators of coronary heart disease and cardiac function 48). 

Left main stenosis. There was a statistically significant difference between the cardiovascular 

mortality rate in patients with left main stenosis after the 1st year of follow-up - 21.5% 

compared to 7.0% in the group without LM stenosis (χ2 = 12.438, p = 0.002) (Table 36). 

Table 36. LM stenosis and late cardiac death after CAS in long-term follow-up  

 LM stenosis Total 

NO YES 

 Alive  Number 156a 39b 195 

% of all 59,1% 14,7% 74,0% 

Cardiovascular death Number 14a 14b 28 



%  of all 5,3% 5,3% 10,6% 

Death of other causes Number 29a 12a 41 

%  of all 10,9% 4,5% 15,5% 

Total  Number 199 65 264 

%  of all 75,4% 24,6% 100,0% 

 

Coronary score systems. In contrast to the lack of a significant effect on the 

incidence of late myocardial infarction, coronary score systems turned out to be highly 

significant statistical indicators of cardiac mortality in the intergroup analysis. (Table 37). The 

difference between the rate of cardiac death after 1 year of follow-up in patients with Syntax 

score> 32 (22.2%) and those with Syntax score <23 (6.7%) and 23-32 (6.5). %) (χ2 = 19.771, 

p = 0.001) was highly significant. 
Table 37. Syntax score and late cardiac death after CAS during follow-up after the 1st year 

 Syntax Score Total  

Score 0-22 Score 23-32 Score >32 

 Alive Number  86a 41b 44a 171 

% of all 36,1% 17,2% 18,5% 71,8% 

Cardiovascular 

death 

Number 8a 3a 16b 27 

% of all 3,3% 1,3% 6,7% 11,3% 

Death from 

another cause 

Number 26a 2b 12a 40 

% of all 10,9% 0,8% 5,0% 16,8% 

Total  Number 120 46 72 238 

% of all 50,4% 19,3% 30,3% 100,0 

A similar confirmatory result was the significantly higher incidence of cardiovascular death 

among the group of patients with the highest Gensini score> 70: (χ2 = 15,080, p = 0.005) 

(Table 38). 

Table 38. Gensini score - late cardiac death after CAS during follow-up after the 1st year 

 Gensini score Total 

<30 30-70 >70 

 Alive Number 81a, b 52b 62a 195 

% of all 30,7% 19,7% 23,5% 73,9% 

Cardiovascular death Number 7a 3a 18b 28 

% of all 2,7% 1,1% 6,8% 10,6% 

Death by another cause Number 21a 5a 15a 41 

% of all 8,0% 1,9% 5,7% 15,5% 

Total  Number 109 60 95 264 

% of all 41,3% 22,7% 36,0% 100,0% 

Degree of coronary revascularization. Long-term follow-up after 1 year showed that 

out of 26 patients with incomplete coronary revascularization, 13 (50.0%) died of 

cardiovascular death, while out of 239 patients with complete revascularization only 15 

%(6.3%) died of the same cause (Table 39). These data together with the similar difference in 

the number of living patients in the two groups demonstrate a difference with high statistical 

reliability -χ2 = 50.195, p = 0.000. 



Table 39 Degree of coronary revascularization and late cardiac death after CAS in long-

term follow-up 

 Complete coronary 

revascularization 

Total  

NO YES 

 Alive Number 9a 186b 195 

% of all 3,4% 70,5% 73,9% 

Cardiovascular death Number 13a 15b 28 

% of all 4,9% 5,7% 10,6% 

Death of another cause Number 3a 38a 41 

% of all 1,1% 14,3% 15,5% 

Total  Number 25 239 264 

% of all 9,5% 90,5% 100,0% 

Cardiac pathology. Using the same methodological approach applied to  early 

complications, we analyzed the significance of other indicators contributing to the already 

emerging conclusion about the leading importance of cardiac pathology for mortality after 

CAS. It was statistically proved that reduced EF strongly correlates with cardiovascular death. 

A high reliability association between EF and late death after the 1st year of follow-up was 

proven - χ2 = 28.572, p = 0.000 (Table 40). 

Table 40. Ejection fraction and late cardiac death after CAS in long-term follow-up 

  Total 

EF<35% EF 35%-55% EF>55 

 Alive  Number  5a, b 60b 130a 195 

% of all 1,9% 22,6% 49,4% 73,9% 

Cardiovascular 

death 

Number 2a 22a 4b 28 

% of all 0,8% 8,3% 1,5% 10,6% 

Death from 

another cause 

Number 1a 14a 26a 41 

% of all 0,4% 5,3% 9,8% 15,5% 

Total  Number 8 96 160 264 

% of all 3,0% 36,2% 60,8% 100,0 

 The performed regression analysis of variance also demonstrated a significant model 

(F = 17,076; p = 0,000), describing the relationship between EF and late cardiovascular death 

(Fig. 23). 

Fig23. Ejection fraction and late cardiac death after CAS 



 
Vertically - EF values 

Horizontally - outcome range: alive - cardiovascular death - death from other causes 

Late-onset cardiovascular death in long-term follow-up after carotid stenting is 

dependent on other indicators of cardiac pathology with high statistical reliability (Table 41). 

Table 41. Cardiac pathology and late cardiac death after CAS 

Indicator  Alive Cardiovascular 

death 

Death of other 

causes 

Total  р 

Previous MI 67 (69,8%) 19 (19,8%) 10 (10,4%) 96 (100%) 0,001 

Late MI   5 (35,7%)   8 (57,1%)   1 (7,1%) 14 (100%) 0,000 

HF 56 (58,9%) 27 (28,4%) 12 (12,6%) 95 (100%) 0,000 

Valvular heart disease 41 (55,4%) 18 (24,3%) 15 (20,3%) 74 (100%) 0,000 

PPM   6 (35,3%)   5 (29,4%)   6 (35,3%) 17 (100%) 0,001 

 

Revascularization methods. The intergroup analysis did not show a significant relationship 

between the type of coronary revascularization (PCI or CABG), re-do PCI (re-PCI) and late 

cardiovascular death (Table 42). 

Table 42 Revascularization methods and late cardiac death 

Indicator  Alive  Cardiovascular death Death of other causes total р 

PCI 127 (73,8%) 18 (10,5%) 27 (15,7%) 172 (100%) 0,209 

CABG 26 (72,2%)   7 (19,4%)   3 (8,3%) 36 (100%) 

re-PCI 69 (73,4%) 13 (13,8%) 12 (12,8%) 94 (100%) 0,339 

Laboratory test results - deviations and combinations. Correlations between biochemical 

parameters and adverse events after revascularization procedures are not well known in 

literature. As in previous correlations, the regression analysis of variance again demonstrated 

a significant pattern describing the relationship between the dependent variable “late death’’ 



and the independent variables ‘’fibrinogen’’ (F = 3,563; p = 0,036), “creatinine” (F = 5,847; p 

= 0.005) and “urea” (F = 4,378). ; p = 0.018) in combination with female gender(Fig. 24.25). 

 

Figure 24. Fibrinogen, female Figure 25 Urea, female and late 

and late mortality 
 

 
Figure 26. Creatinine, female gender and late mortality  Figure 27. Fibrinogen, age ˂ 70 years 

and late mortality 

 
The analysis of variance showed a significant relationship between fibrinogen and late 

death in patients <70 years (F = 4.267; p = 0.016) (Fig. 27). We searched for predictive 

factors for their manifestation in the complications of greatest influence on long term survival 

in our study - late ischemic stroke and late MI. 

Late ischemic stroke. The majority of patients - 95.8% have no evidence of late 

stroke. In 3 patients more than 1 late ischemic stroke occurred, in 5 - the registered strokes 

were major, and in 6 patients - minor. (Table 43) Of the major strokes, 2 were ipsilateral to 

the revascularized carotid artery and 3 were contralateral. One patient died of a stroke-related 

death. 

Table 43. Incidence of strokes - long-term follow-up after 1 year 



 Number of 

patients 

% Cumulative % 

 No stroke 253 95,8 95,8 

1 minor stroke 3 1,1 97,0 

>1 minor stroke 3 1,1 98,1 

Ipsilateral stroke 2 ,8 98,9 

Contralateral stroke 3 1,1 100,0 

Total  264 100,0  

Risk factors for late stroke. 

Significance of age and sex. Comparing the late results, the higher incidence of 

ischemic stroke in women (6.1% vs. 3.5% in men) and MI in men (5.9% vs. 3.0%) is 

noteworthy but did not achieve statistical significance. A similar trend for higher frequency 

without statistical significance (χ2 = 1.221, p = 0.269) was revealed in terms of age above and 

below 70 years, respectively 5.6% vs. 2.9%. 

Significance of arrhythmias. Long-term follow-up of patients confirmed the 

importance of atrial fibrillation as a risk factor for ischemic stroke (χ2 = 18.663, p = 0.000). 

Table 44. Arrhythmias and conduction disorders, permanent pacemaker and late stroke 

 Arrythmia and conduction disorders 

follow-up 

Total 

No 

arryth

mia or 

conduc

tion 

disorde

rs 

New-onset 

AF 

PPM 

 No stroke Number  232a 13b 8a, b 253 

% of all 87,9% 4,9% 3,0% 95,8% 

Stroke Number 6a 4b 1a, b 11 

% of all 2,3% 1,5% 0,4% 4,2% 

Total Number 238 17 9 264 

% of all 90,2% 6,4% 3,4% 100,0% 

 

Regarding arrhythmias, the studied group of patients was monitored mainly for the 

need for implantation of a pacemaker (PPM) and the occurrence of atrial fibrillation (AF). 

Late stroke was registered in 4 (23.5%) out of 17 patients with new onset of AF, compared to 

6 patients (2.5%) in the group without arrythmias and conduction disorders (p <0.05). (table 

44) 

Carotid score, bilateral carotid stenosis, restenosis. Carotid pathology was analyzed 

as a probable factor in the occurrence of late stroke. There was no statistically significant 



effect on the incidence of late stroke in the presence of bilateral carotid stenoses (χ2 = 0.060, 

p = 0.806), restenosis (χ2 = 0.313, p = 0.576) and carotid score (χ2 = 0.003, p = 0.957). 

Restenosis also turned out to be of no significance - in none of the 7 patients with registered 

restenosis did a late ischemic stroke occur. 

Late stroke and mortality. Close to statistical significance is the relationship 

between late events - ischemic stroke and cardiovascular death (χ2 = 5.279, p = 0.071) (Table 

45). 

Table 45. Late ischemic stroke and late mortality 

  Total  

Alive  Cardiovasc

ular death 

Death of 

other 

causes 

 No stroke Number  190a 25b 38a, b 253 

% of all 72,0% 9,5% 14,4% 95,8% 

Stroke  Number 5a 3b 3a, b 11 

% of all 1,9% 1,1% 1,1% 4,2% 

Total  Number 195 28 41 264 

% of all 73,9% 10,6% 15,5% 100,0% 

 

Prognostic factors of late ischemic stroke. We performed multifactor linear 

regression analysis of the indicator late ischemic stroke. We included 14 factors with probable 

significant influence on the manifestation of late ischemic stroke after CAS:  

• Age above 70 years 

• Bilateral carotid stenosis 

• High surgical risk 

• Carotid score 

• Residual stenosis after CAS 

• Type of carotid stent 

• HF 

• Diabetes  

• CKD 

• PAD 

• Ischemic stroke prior to CAS 

• AF before CAS 

• Gensini score. 

• Arrythmia and conduction disorders 

(AF/PPM) on follow-up 

Linear regression analysis proved only one of the above indicators to be an independent factor 

increasing the risk of late ischemic stroke: arrythmias and conduction disorders developing 

after  CAS(p=0.000). It is evident that this factor is not related to carotid pathology, its degree 

or clinical manifestation (table 46).  

Table 46. Independent predictive factors of late ischemic stroke 

 Unstandardized 

Coefficients 

Standardized 

Coefficients 

t Sig. 

B Std. 

Erro

r 

Beta 

 (Constant) ,029 ,013  2,308 ,022 



Arrythmias and conduction 

disorders (AF/PPM on follow-up) 

,094 ,028 ,201 3,314 ,001 

 

Late myocardial infarction. 94.7% of the studied patients suffered no MI for the 

follow-up period. The incidence of MI after the 1st year was higher than that of late ischemic 

stroke, respectively - 14 (5.3%) patients compared to 11 (4.2%). 

Late myocardial infarction and mortality. In contrast to late ischemic stroke, our 

results demonstrate a high statistically significant association between late MI and late cardiac 

death (χ2 = 33.934, p = 0.000) and death from any cause (χ2 = 13.153, p. = 0.000) (table 47) 

Table 47. Late myocardial infarction and late cardiovascular mortality 

  Total  

Alive Cardiovascula

r death 

Death from 

other causes 

 No MI Number 190a 20b 40a 250 

% of all 72,0% 7,6% 15,1% 94,7% 

MI Number 5a 8b 1a 14 

% of all 1,9% 3,0% 0,4% 5,3% 

Total  Number 195 28 41 264 

% of all 73,9% 10,6% 15,5% 100,0% 

These results show that myocardial infarction is a more significant factor with regards 

to mortality than ischemic stroke in long-term follow-up of patients with CS. 

Late myocardial infarction and comorbidity. The risk factors for MI in the long-

term follow-up were diabetes mellitus (χ2 = 5.361, p = 0.021), PAD (χ2 = 4.631, p = 0.031), 

hypertriglyceridemia (χ2 = 10.002, p = 0.002). An interesting result is the statistical 

significance of hypertriglyceridemia, but not of hypercholesterolemia. 

Late myocardial infarction, history of MI and degree of revascularization. 

Achieving complete revascularisation is an essential factor influencing the occurrence of late 

MI. A strong statistical correlation was observed between coronary revascularization and the 

incidence of MI in the follow-up period after the first year of carotid stenting (χ2 = 18.241, p 

= 0.000). The incidence of late MI (after 1 year) was 7-fold greater and significantly higher (p 

<0.05) in the group of patients with incomplete coronary revascularization (23.10%) 

compared to patients with complete revascularization (3 , 30%) (Table 48) 

Table 48.  Complete / incomplete coronary revascularization and late myocardial 

infarction 

 Corornary revascularization Total 

Incomplete 

revascularization 

Complete 

revascularization 

 No MI Number 20a 230b 250 



% of all 7,6% 87,1% 94,7% 

MI Number 6a 8b 14 

% от всички 2,3% 3,0% 5,3% 

Total Number 26 238 264 

% от всички 9,8% 90,2% 100,0% 

Late MI was evidently a more frequent event in the group of patients with MI prior to carotid 

stenting (χ2=5.037, p=0.025)(table 49) 

Table 49. MI prior to CAS and late MI after CAS 

  Total 
No history of MI MI prior to CAS 

 No MI Number 163a 87b 250 

% of all 61,7% 33,0% 94,7% 

MI Number 5a 9b 14 

% of all 1,9% 3,4% 5,3% 

Total Number 168 96 264 

% of all 63,6% 36,4% 100,0% 

Late myocardial infarction, coronary score systems, bilateral coronary stenosis. 

Late MI was registered in 3 of the patients with Syntax score <23, in 4 with Syntax 

score 23-32 and in 7 with Syntax score> 32. It is evident that the absolute number of patients 

with registered late MI (after 1 year of follow-up) increases with the Syntax score, but no 

statistical significance is reached (χ2 = 5.003, p = 0.082). The relationship between late MI 

and Gensini score (p = 0.097) is similar, without statistical significance, and again the largest 

number of late MI (8) was registered in the group of patients with the highest Gensini score> 

70. Evidently, carotid scoring systems do not reliably "manage" the occurrence of late MI 

after CAS in the course of observation (Table 50). No plausible statistical association was 

established between the indicators of carotid disease - bilateral stenosis, carotid score and the 

incidence of late MI. 

Table 50. Syntax score and late myocardial infarction after CAS in follow-up after the 

1st year 

  Total  

Syntax 

Score 0-22 

Syntax Score 

23-32 

Syntax 

Score >32 

 No 

MI 

Number 117a 43a, b 65b 225 

% of all 49,0% 18,0% 27,2% 94,1% 

MI Number 3a 4a, b 7b 14 

% of all 1,3% 1,7% 2,9% 5,9% 

Total Number 120 47 72 239 



% of all 50,2% 19,7% 30,1% 100,0% 

Prognostic factors for late MI. We tried to prove the independent predictors of late 

MI among the analyzed indicators. We performed a two-step (2 blocks) multifactor linear 

regression analysis of the late MI indicator: 

Block 1 - in this block we included 9 factors, with probably significant influence on 

the occurence of late MI after CAS: 

• Age above 70 

• Incomplete coronary revascularization 

• Diabetes, CKD 

• LM stenosis  

• MI prior to CAS 

• Prior coronary revascularization 

PCI/CABG 

• Gensini score. 

• Syntax score I 

In the next block, we included the explanatory variables (sequential inclusion method), 

which we do not necessarily expect to affect the manifestation of late MI. 

Block 2 - in this block we included 9 factors, with possible significance for the 

occurrence of late MI after CAS. 

• High surgical risk 

• Carotid score 

• Bilateral stenoses  

• History of ischemic stroke 

• Low EF 

• Hyperfibrinogenemia 

• hypertriglyceridemia  

• PAD 

• Periprocedural complications in CAS. 

 

 

The linear regression analysis proved the following indicators to be independent predictors of 

the risk of late MI: incomplete coronary revascularization (p = 0.002), DM (p = 0.015), 

hypertriglyceridemia (p = 0.017), PAD (p = 0.017) (Table 51). 

Table 51. Independent predictive factors for late myocardial infarction after CAS 

Model Unstandardized 

Coefficients 

Standardized 

Coefficients 

t Sig. 

B Std. Error Beta 

1 (Constant) ,227 ,052  4,354 ,000 

Incomplete coronary 

revascularization 

-,182 ,056 -,239 -

3,271 

,001 

2 (Constant) ,181 ,054  3,350 ,001 

Incomplete coronary 

revascularization 

-,173 ,055 -,227 -

3,146 

,002 

Diabetes  ,102 ,037 ,196 2,725 ,007 

3 (Constant) ,157 ,054  2,907 ,004 

Incomplete coronary 

revascularization 

-,173 ,054 -,227 -

3,192 

,002 

Diabetes  ,085 ,037 ,164 2,281 ,024 



Hypertriglyceridemia  ,099 ,039 ,181 2,512 ,013 

4 (Constant) ,136 ,054  2,517 ,013 

Incomplete coronary 

revascularization 

-,172 ,053 -,226 -

3,222 

,002 

Diabetes  ,091 ,037 ,176 2,463 ,015 

Hypertriglyceridemia  ,094 ,039 ,172 2,417 ,017 

PAD ,110 ,046 ,168 2,401 ,017 

 

 

 

VІ. Survival rate - prognostic factors in patients with carotid stenosis and 

interventional revascularization 

  

General analysis. 

The final assessment of the effectiveness of the adopted strategy is the calculated 

median survival in months using the Kaplan-Meier method and Log-rank test of the entire 

patient population for the observation period, which turned out to be 86 months. The main 

characteristic of the monitored group of patients with CS is the high surgical risk. As already 

mentioned, 274 (87.3%) out of 314 patients were high-risk and 40 (12.7%) were at standard 

risk but had refused surgical treatment. High-risk patients generally have a significantly lower 

median survival rate than 83 months while the group of patients at standard risk surpassed 

median survival and such was not achieved -χ2 = 6.405, p = 0.011 (Fig. 28). It is evident that 

MS of all patients and MS of high-risk patients are almost the same and there is no 

statistically significant difference between them. 

 

Fig. 28. Risk profile and survival 

 

Blue - standard risk 

Red - high risk 



Event-free survival is an important indicator of long-term effectiveness of the adopted 

revascularization strategy. We combined the most common complications and the main 

causes of disability or death for the observation period (Fig. 29). The median of event-free 

survival calculated by the Kaplan-Meier method and Log-rank test was 86 months and 

coincided with the MS for the whole study group. The result shows that for both time 

indicators, the survival limiting factors coincide with the main causes for lethal outcome in 

patients. 

Figure 29 Adverse-event-free survival in patients after CAS 

 

 Horizontal axis -time to stroke/death (in months) 

We also calculated the overall survival at 1, 3, 4, 5 years and at the end of the 8th year. (Table 

70). It is evident that at an average age of 70 years the survival of the studied group is close to 

the average for the respective sex and age of the general population in the country. (Central 

Statistical Institute). 

 

Table 70. Overall survival in patients with carotid stenosis and CAS 

Time interval Total survival rate (%) All cause mortality 

At 12 months 95,0% 5,0% 

At 36 months 85,0% 15,0% 

At 48 months 76,0 % 24,0% 

At 60 months 71,0% 29,0% 

At 96 months 44,0% 56,0% 

 



Prognostic factors. Factors that are likely to have a statistically significant effect on survival 

were divided into 4 groups: carotid disease, coronary heart disease, underlying heart disease 

and concomitant diseases. 

1. Carotid disease. 

1.1. Carotid score. As already shown, we validated our proposed carotid score using the most 

important indicator - patient survival (Fig. 35). A MS of 75 months was demonstrated with 

high reliability for the group with a high carotid score of 5-9, while in patients with a carotid 

score of 1-4 MS was not acheved for the duration of the study. (χ2 = 7.489, p = 0.006). 

Fig. 35 Carotid score and survival. Fig. 36 Bilateral carotid stenosis and survival 

  

Vertical axis - cumulative survival rate 

Horizontal axis - survival rate  

1.2. Bilateral carotid stenoses. The presence of bilateral carotid stenoses significantly 

reduces patient survival (Fig. 36). In unilateral carotid stenosis, MS was not achieved for the 

duration of the study (χ2 = 6.793, p = 0.009). 

 

1.3. Previous strokes. A statistically significant factor for reduced survival was the 

indicator of ischemic stroke experienced before CAS, respectively, with an MS of 75.0 

months compared to patients without a previous ischemic stroke not achieving the MS for 

the duration of the study (χ2 = 5.365, p = 0.021). (Fig. 37) 



Figure 37. Strokes and survival rate 

 

Vertical axis - cumulative survival rate 

Horizontal axis - survival rate 

Blue - no history of ischemic stroke 

Red - history of ischemic stroke  

 

1.4.Other factors. Survival did not depend on the type of carotid stent implanted (p = 

0.390), carotid restenosis (p = 0.157) or late ischemic stroke (p = 0.161). 

2. Coronary artery disease. 

The main conclusions to be drawn from our results in the first place are that coronary 

artery disease in general is associated with late cardiovascular death to the greatest extent, ie. 

predetermines the survival of patients with carotid disease and secondly - routine coronary 

angiography and consequent development of a revascularization strategy limit the unfavorable 

prognostic significance of coronary artery disease. This can be seen in Fig. 38. 

Fig. 38 Coronary artery disease and survival rate 

 

Vertical axis - cumulative survival rate 

Horizontal axis - survival rate 

Blue - no coronary artery disease 



Red - coronary artery disease  

Despite the early separation of the Kaplan-Meier curves, no statistical significance was 

achieved (χ2 = 3.016, p = 0.082). MS for patients without concomitant coronary heart artery 

disease was not surpassed, compared to 84 months in the presence of such (Fig. 39). 

However, survival is statistically dependent on a number of coronary artery disease factors 

listed below. The Kaplan-Meier curves are similar and again without reliability (χ2 = 2.943, p 

= 0.086) between the groups with and without CAD with respect to the time to occurrence of 

the combined endpoint. 

Figure 39. Time to occurrence of the combined endpoint of MI / stroke / death in patients with 

CAD and without CAD 

 

Horizontal axis - time to cardiovascular death (MI/stroke/death) 

CAD 

Blue - no coronary artery disease 

Red - coronary artery disease 

 

 2.1. Left main stenosis. Significantly lower MS is established in patients with left 

main stenosis - 55.0 months, while in patients without LM stenosis MS is above 88 months -

χ2 = 23.645, p = 0.000 (Fig. 40) 

Figure 40. Left main stenosis and survival rate 



 
Horizontal axis - survival rate 

Vertical axis - cumulative survival rate 

Blue - no LM stenosis 

Red - LM stenosis 

2.2.Coronary score systems. A logical result is the significantly lower survival of the groups 

of patients with the highest coronary Syntax and Gensini score. The MS of patients with 

Gensini score> 70 was 68 months while the MS of patients with Gensini score <70 was 92 

months χ2 = 12,860, p = 0.000 (Fig. 41). 

Figure 41. Gensini score and survival Figure 42. Syntax score and survival 

 
Horizontal axis - survival rate 

Vertical axis - cumulative survival rate 

 Survival data are similar depending on the Syntax score. It can be seen that in the 

group with Syntax score> 32 MS is only 60 months compared to MS of 83 months at Syntax 

 



score <23 (χ2 = 23,530 p = 0,000) (Fig. 42). As already mentioned the most surprising results 

came from the intermediate Syntax score group where the MS could not be calculated for the 

duration of the study. This statistically significant discrepancy of the Kaplan-Meier curves 

was carefully analyzed. First of all, we examined cardiovascular mortality after the first year: 

for Syntax score> 32 -22.2% → Syntax score 23 -32 - 6.4% → Syntax score <23 - 6.7% The 

difference in cardiac mortality rate is significant when comparing patients with Syntax score 

above and below 32, but becomes almost indistinguishable between the low and intermediate 

risk groups (χ2 = 20,164, p = 0.000). , 7%). Secondly, patients with Syntax score <23 turned 

out to have the highest death-of-another-cause rate - 26 (21,7%), which is the most logical 

explanation for the lower survival compared to the intermediate score cohort. The category of 

patients with Syntax score 23-32 in our cohort is of interest due to another fact. We have 

already drawn attention to the reliable correlation between intermediate Syntax score and the 

need for redo PCI (p = 0.000) The probable explanation for this result is that surgical 

treatment is usually recommended in patients with Syntax score 23-32, but complete 

interventional revascularization is feasible, especially in case of patient refusal or high 

surgical risk. And not lastly, the Syntax score was not developed as a model for assessing 

survival, but for assessing coronary heart disease when choosing a revascularization strategy. 

2.3 Need for revascularization. The MS in patients with repeated coronary revascularization 

was 92 months, compared to 77 months in patients without re-PCI. MS did not show a 

significantly reduced survival in patients with re-PCI compared to patients with a single 

procedure (Fig. 43) 

Figure 43. Redo revascularization and Figure 44. Complete / incomplete revascularization and 

survival 



 

Horizontal axis - survival rate 

Blue - no re-PCI/incomplete revascularizaiton 

Red - re-PCI/complete revascularizaiton 

2.4. Complete / incomplete coronary revascularization. An important factor for the 

survival of patients with CAD is the successful, effective complete coronary revascularization 

(Fig. 44). In our patient contingent, a statistically significant difference was found between 

MS in patients with incomplete and complete coronary revascularization (χ2 = 25.975, p = 

0.000). Patients with incomplete coronary revascularization have an MS of 38 months, while 

patients with complete coronary revascularization have an MS of 92 months. 

2.5. Time of coronary revascularization (before or after carotid stenting). In terms of 

this debatable but practically important issue, we found a significant difference in patient 

survival (Fig. 45). 

Table 45. Coronary revascularization before / after CAS - survival rate 

 



Vertical axis - cumulative survival rate 

Horizontal axis -survival rate 

Blue - coronary revascularization before CAS 

Red - coronary revascularization after CAS 

Patients with coronary revascularization after CAS have a lower survival rate than those with 

coronary revascularization before CAS (χ2 = 3.609, p = 0.047). Probably, the fact that the 

majority of those patients had severe coronary heart disease and required surgical 

revascularization (CABG), performed after CAS, was of great significance to these results. 

3. Concomitant cardiac pathology 

3.1.Ejection fraction. Depending on the ejection fraction value, patients were divided into 3 

groups: patients with preserved EF≥55%, mild to moderately reduced EF 36% -54%, and 

severely reduced EF ≤35%. There was a statistically significant difference between MS in all 

three groups (χ2 = 21.736, p = 0.000). MS showed progressively decreasing levels: in EF 

≥55% - not reached → in EF 36% -54% - 69 months → in EF ≤35% - 43 months (Fig. 46) 

Figure 46. Ejection fraction and survival 

 

Vertical axis - cumulative survival rate 

Horizontal axis -survival rate 

Blue - EF <35% 

Red - EF between 36% and 54% 

Green - EF above 55% 

  

It is true for our patients that the main cause of decreased EF is coronary heart disease, 

MI and ischemic LV remodelling, and is largely directly dependent on cardiac ischemia. 



3.2.Heart failure. The results of the analysis confirm the importance of HF as a factor 

determining poor survival. The MS in patients with concomitant HF is 60 months, while the 

MS in the absence of HF is not reached (χ2 = 32.977, p = 0.000) (Fig. 47) 

Figure 47. Heart failure. Figure 48. Valvular heart disease and survival 

  and survival 

 

 

Vertical axis - cumulative survival rate 

Horizontal axis -survival rate 

Blue - no HF/valvular heart disease 

Red - HF/valvular heart disease 

3.3.Valvular heart disease, permanent pacemaker, atrial fibrillation. The results 

were similar in patients with concomitant severe valvular disease (χ2 = 24.117, p = 0.000). 

The MS of this group of patients is only 61 months, in patients without valvular heart disease 

MS was not reached (Fig. 48). Interestingly, patients with implanted pacemakers also had 

lower survival rate. The MS in patients without PPM was 92.0 months compared to 41.0 in 

those with PPM (χ2 = 14.464, p = 0.000) (Fig. 49). 

Figure 49. PPM and survival. Figure 50. Atrial fibrillation and survival 
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Blue - no PPM/sinus rythm 

Red - PPM/AF 

The most common arrhythmia in the monitored group of patients - atrial fibrillation also 

turned out to be a factor for  reduced survival - χ2 = 9.370, p = 0.002 (Fig. 50). 

3.4. Biochemical abnormalities. A group of 11 patients with residual elevated troponin 

≥0.1, in whom carotid stenting was performed less than 14 days after ACS is of practical 

interest. Although no correlation was found between elevated Troponin I values studied 

before CAS (during the same hospital stay) and the incidence of intraprocedural 

complications (p = 0.700), a statistically significant difference was found between MS in the 

categories of patients with and without elevated troponin. MS in the group without elevated 

troponin was not reached and was significantly higher than in patients with elevated troponin, 

which was only 20 months (χ2 = 11.256, p = 0.001). (Fig. 51). 

Figure 51. Residual elevated troponin Figure 52. Fibrinogen and survival 

and survival 
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Red - Tn above 0.1/fibrinogen - elevated 

In the previous section, we cited the association between elevated fibrinogen levels and 

cardiovascular events. In the same context, the reduced survival in patients with 

hyperfibrinogenemia is not surprising, although at the limit of statistical significance (χ2 = 

4.187, p = 0.041) (Fig. 52). MS in patients with hyperfibrinogenemia is 72 months; not 

reached in patients with normal fibrinogen levels. 

3. 5. Late myocardial infarction and late stroke. Analysis of our results shows that the 

impact of late-onset cardiovascular events such as MI and ischemic stroke on survival is very 

different. MS in patients without late MI is 92 months, while in case of such, MS is 

significantly reduced - only 60 months (χ2 = 9.651, p = 0.002). (Fig. 53). This survival is 

almost 2 years lower in the comparison of MS for the whole group, which once again 

confirms important conclusions from the study. 

Fig. 53 Late myocardial infarction Fig. 54 Late stroke and survival 

and survival 
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Late ischemic stroke did not have a statistically significant effect on MS (χ2 = 1.019, p 

= 0.313). In patients with late stroke MS was 75 months, close to the average for the whole 

group, without stroke - 92 months (Fig. 54). 

3. Concomitant diseases. The importance of the most common comorbidities as a factor 

for reduced survival in the studied group of patients was analyzed. As expected, CKD and 

diabetes proved to be the most significant risk factors in terms of prognosis (Table 71). No 

other comorbidities and conditions exerted significant effect on survival. 

Table 71. Median of survival with regards to  comorbidities 

 

Indicator  MS(in months) р= 

CKD 55,0 0.000 

Diabetes 69,0 0.010 

PAD 84,0 0.645 

COPD 86,0 0.797 

Anemia 54,0 0.124 

hypertriglyceridemia 83,0 0.334 

Increased  LDL Not reached 0.978 

Reduced HDL 75,0 0.529 

 



Figure 55. CKD and survival rate Figure 56. Diabetes and survival rate 
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A clear early divergence of the Kaplan-Meier survival curves in patients with and without 

CKD is evident. The graph is similar when comparing the survival curves in patients with and 

without diabetes (Fig. 55.56). 

Anemia did not prove to be a significant factor in reduced survival for the entire 

carotid stenting population. However, in combination with female gender it reached statistical 

significance - average survival 39.2 months, median - 54.0 months (p = 0.023). 

 

Prognostic model for determination of survival rate in sequential carotid 

and coronary revascularization 

Results on the efficiency and effectiveness of the demonstrated revascularization 

strategy as indicated together with the great number of quite diverse statistically significant 

dependencies with a huge panel of over 40 indicators cannot contribute to the formation of a  

clear prognostic model. A statistical requirement is the differentiation of the so-called 

"Independent prognostic factors", each of which ultimately "manages" the survival of 

patients. 



In fulfilment of the last objective of the dissertation we performed a two-step (2 

blocks) multifactor Cox regression analysis of survival over time: 

Block 1 - we have included 12 factors that we expect to significantly affect survival 

over time 

Block 2 - we included 8 factors with a likely impact on survival. 

Block 1 Block 2 

• Age above 70 

• EF 

• Incomplete coronary revascularization 

• Diabetes  

• CKD 

• Left main disease  

• Valvular heart disease 

• History of stroke before CAS 

• History of MI before CAS 

• Late stroke after CAS 

• Late MI after CAS 

• Gensini score. 

• High surgical risk 

• Carotid score 

• Bilateral carotid stenosis  

• Coronary artery disease 

• Coronary revascularization 

• PPM 

• PAD 

• Periprocedural complications during CAS. 

 

In the first step after the application of the hierarchical Cox regression it was found 

that age above 70 contributes significantly to the regression model - χ2 = 29.917 (df = 1), p = 

0.000. In the second step, incomplete coronary revascularization proved as a factor with 

significant influence - χ2 = 8,884 (df = 1), p = 0.003. df = 1), p = 0.009. History of stroke 

before CAS was included in the equation of step 3 with level of statistical significance - 

χ2=8,712 (df=1), р=0.003. In the fourth step, the presence of left main stenosis was confirmed 

as a significant factor influencing survival - χ2 = 8.712 (df = 1), p = 0.003. 

Table 72 Prognostic factors for survival - Cox regression analysis  

Omnibus Tests of Model Coefficientsh 

Step -2 Log 

Likelihood 

Overall (score) Change From Previous 

Step 

Change From Previous 

Block 

Chi-

square 

df Sig. Chi-

square 

df Sig. Chi-

square 

df Sig. 

1a 623,343 29,712 1 ,000 29,917 1 ,000 29,917 1 ,000 

2b 614,459 45,752 2 ,000 8,884 1 ,003 38,802 2 ,000 

3c 607,561 51,526 3 ,000 6,898 1 ,009 45,699 3 ,000 

4d 598,849 61,934 4 ,000 8,712 1 ,003 54,412 4 ,000 

5e 587,733 71,855 5 ,000 11,116 1 ,001 65,528 5 ,000 

6f 582,652 77,806 6 ,000 5,081 1 ,024 70,609 6 ,000 

7g 577,828 82,942 7 ,000 4,824 1 ,028 75,433 7 ,000 

a. Variable included in step 1: age above 70 

b. Variable included in step 2: incomplete coronary revascularization 

c. Variable included in step 3: previous stroke 

d. Variable included in step 4: LM stenosis 

e. Variable included in step 5: valvular heart disease 

f. Variable included in step 6: late MI 



g. Variable included in step 7: Diabetes 

h. Method = Forward Sequential (Wald) 

 The presence of hemodynamically significant valvular heart disease is included in the 

equation of the fifth step - χ2 = 11,116 (df = 1), p = 0.001, and the sixth step demonstrates the 

prognostic significance of late MI after CAS - χ2 = 5,081 (df = 1), p = 0.024. In the last 

seventh step of the hierarchical Cox regression it is established that diabetes mellitus is a 

reliable inclusion in the regression model - χ2 = 4,824 (df = 1), p = 0.028. Based on the results 

of our study through Cox regression analysis we propose only 7 out of 20 indicators tested as 

independent prognostic factors for survival of high-risk patients with carotid stenosis: 

Table 73. Prognostic model for survival after sequential carotid and coronary revascularization 

- independent factors 

 B SE Wald df Sig. Exp(B) 95,0% CI for 

Exp(B) 

Lowe

r 

Uppe

r 

 LM stenosis ,952 ,268 12,612 1 ,000 2,590 1,532 4,380 

Age above 70 ,973 ,299 10,577 1 ,001 2,647 1,472 4,759 

Previous stroke ,894 ,262 11,672 1 ,001 2,444 1,464 4,082 

Incomplete coronary 

revascularization 

,797 ,322 6,122 1 ,013 ,451 ,240 ,847 

Late MI ,865 ,406 4,542 1 ,033 2,375 1,072 5,261 

Valvular heart disease ,990 ,267 13,706 1 ,000 2,690 1,593 4,543 

Diabetes  ,549 ,249 4,851 1 ,028 1,732 1,062 2,825 

.   In an additional analysis of survival as a function of the impact of the mean of 

covariant indicators in the Cox regression model and stratification by gender, reduced survival 

in women was found in our study (Fig. 57). 

Fig. 57 Female survival with carotid stenosis. 

 
 

Vertical axis - cumulative survival 

Horizontal axis - survival rate in months 

Blue - female 



Red - male 

Despite considerable evidence of poor overall performance in women, female gender 

did not meet the complex statistical requirements for independent prognostic factor in patients 

with carotid and coronary stenosis. 

 

Effectiveness and efficiency of revascularization methods in the study - 

comparison with literature data. 

In the study, the effectiveness and efficacy of sequential revascularization in all 

patients referred for CAS were assessed through peri- / postprocedural outcomes and patient 

survival. Such an assessment should answer an important question - whether benefits of CAS 

have increased and whether treatment of combined CS and CAD considered hitherto 

"aggressive" is necessary. 

However, a correct comparison of our results precludes comparison with stand-alone 

CAS or CEA procedures due to the obvious protocol difference with hybrid methodologies. It 

is more logical to compare periprocedural complications with studies with the same or with 

other hybrid, synchronous or sequential techniques. 

Table 74. Periprocedural results after CAS or CEA - literature data 

Research data Death Stroke MI Death / stroke Death, stroke / 

MI 

 CAS СЕА CAS СЕА CAS СЕА CAS СЕА CAS СЕА 

EXACT 0,9%  3,6% - -      

CAPTURE2 0,9%  2,8% - -      

SAPPHIRE 0,6% 2,0% 3,1% 3,3% 1,9% 6,6%   4,4% 9,9% 

CREST[127] 0,7% 0,3% 4,1% 2,3% 1,1% 2,3% 2,5% 1,4% 3,5% 3,6% 

ACT[89]       2,9% 1,7% 3,3% 2,6% 

ICSS (126 1,3% 0,5% 7,0% 3,3% 0,4% 0,5%     

EVA-3S 0,8% 1,2% 8,8% 2,7% 0,4% 0,8%     

SPACE 0,7 0,9 7,5% 6,2%       

Goranov, G. 0  2,2%  0      

 

Based on the above-data a simple average indicates that  the incidence of ischemic 

stroke after CAS is about 4%. The optimal value at which most studies report no statistical 

difference between CAS and CEA is about 2.5% - 3.0%. Our results after CAS with an 

incidence of ischemic stroke of 2.2% and no death or MI rates among the the best in literature. 

In contrast with the extremely comprehensive data on the results of CAS and CEA 

alone including millions of patients monitored over a long period of time, information on 

treatment methods of combined CS and CAD is not only scarce but also confusingly 

contradictory (Table 75). 



Table 75. Periprocedural results from hybrid / combined revascularization methods in 

concomitant carotid and coronary atherosclerosis 

Source Method  Stroke MI Death 

from 

stroke 

Death from MI / 

stroke 

Ricotta JJ(232) 

Naylor AR(233) 

Naylor AR(233) 

Naylor AR(233) 

Tzoumas A (239) 

Feldman D (243) 

TimaranCН (244) 

Sequential    CEA  + 

CABG 

Sequential CABG + CEA 

Simultaneous CEA  + 

CABG 

Sequential CEA + CABG 

Sequential    CEA + 

CABG 

Simultaneous CEA + 

CABG 

Simultaneous CEA + 

CABG 

3,9% 

5,8% 

 

 

3,8% 

4,4% 

3,9% 

 

0,9% 

 

6,5% 

 

 

 

 

8,6% 

10,2% 

 

8,7% 

6,1% 

ChiarielloLN (239) 

Paraskevas  (240) 

Paraskevas  (240) 

Versaci F  (241) 

Timaran CH (244) 

Simultaneous CAS + 

CABG 

Simultaneous CAS + 

CABG 

Sequential    CAS + 

CABG 

Simultaneous CAS + 

CABG 

Simultaneous CAS + 

CABG 

0,75% 

3,4% 

5,4% 

2,0% 

2,4% 

 

1,8% 

4,2% 

 

 

 

 

 

 

6,9% 

 

 

 

4,0% 

Tomai F 255 

 

Simultaneous or 

sequential   CAS + РСІ 

3,8% 2,1%  4,2% 

Горанов Г  Sequential CAS + РСІ 2,2% - - - 

 

With our results, rating among the best in  literature, we support the positive opinion about the 

sequential approach of CAS after PCI. The latter having equivalent results proved as one of 

the least invasive and most appropriate methods of treatment of high-risk patients with many 

comorbidities and unstable clinical presentation. 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

Conclusions: 

1. In 90% of patients with significant carotid stenosis selective carotid angiography 

demonstrates severe coronary artery disease. Its timely identification allows for the 

development of a sequential rvascularization strategy thus reducing periprocedural 

myocardial infarction and mortality without increasing neurological complications. 

2. Risk factors for periprocedural complications include myocardial infarction and stroke, 

open cell carotid stent, residual stenosis above 20%, slow flow, radiation exposure, 

amount contrast medium, and contrast-induced renal failure. 

3. During 1 year follow-up, lethal outcomes were predominantly the result of  

cardiovascular pathology of predictive significance: heart failure and low ejection 

fraction, left main coronary artery stenosis, high Syntax score> 32, residual elevated 

troponin, coronary revascularization after CAS and CKD. 

4. In long-term follow-up, the most common adverse events were late myocardial infarction 

and stroke. Independent predictive factors for the occurrence of late myocardial infarction 

were: incomplete coronary revascularization, diabetes mellitus, hypertriglyceridemia and 

PAD, as for late stroke - only recent-onset arrhythmias proved as such. 

5. Mortality and survival were not affected by neurological symptoms and late stroke, but 

were directly dependent on concomitant coronary artery disease and cardiac disease. 

6. Independent prognostic factors for survival in the study are: left main stenosis, 

completeness of revascularization, late myocardial infarction, stroke, age above 70 years, 

valvular heart disease, high carotid score. 

7. CAS in patients with concomitant coronary artery disease is an effective and efficient 

interventional approach with no evidence of increased procedural risk. The development 

of a comprehensive revascularization strategy minimizes the impact of major 

cardiovascular risk factors on the incidence of complications and to equalizes the chances 

of survival in high-risk patients with combined carotid and coronary heart disease. 

 

 

 

Summary.  

 Generalized atherosclerosis with simultaneous involvement of different vascular 

areas, with varying degrees of target organ dysfunction occurs regularly in clinical practice 

and represents a daily challenge of modern times; it is a major factor reducing quality of life, 

increasing mortality and shortening survival. A great number of studies conducted for decades 



on millions of patients focus mainly on comparing the early and late results of CAS and CEA, 

and in recent decades on the effectiveness of various combined and hybrid approaches to 

concomitant CS and CAD. This colossal research energy, however, produces surprisingly 

contradictory and unacceptable results, especially on the variety of hybrid methods. As 

paradoxical as it may sound, a survey from the beginning of the 21st century stated that 

“cardiovascular risk management of patients with generalized atherosclerosis has a 54% 

probability of differing specialist opinions and even a 26% chance of radically opposite 

recommendations' (206). Unfortunately, clinical practice shows that this is probably still valid 

and almost unchanged nowadays. Evidently, the appropriate approach to treatment of 

atherosclerotic disease involving more than one vascular area by surgical, endovascular and 

hybrid methods is neither obvious nor easy. 

From a methodological point of view, we relied on preliminary simultaneous carotid 

and coronary angiography and a rich panel of initial databases on coronary, carotid, cardiac 

pathology and concomitant diseases or where, according to renowned specialist Naylor AR, 

"the devil is hiding". In this way we addressed at least 4 controversial issues: 1. As a last 

intervention in a sequential revascularization strategy CAS passed the noninferiority test with 

its equivalent peri- and post-procedural results when compared to literature data for CEA 2. 

Although rarely used, sequential PCI + CAS is the  least invasive technique with very good 

standing among other hybrid approaches; it has specific indications and strengthens the 

concept of safe feasibility in high-risk adult patients 3. Preliminary coronary revascularization 

limits the most common cardiovascular complications and causes of lethal outcome. 4. The 

chosen revascularization approach increases the benefit of CAS by equalizing the chances of 

survival among high-risk patients with severe coronary heart disease to those of standard-risk 

population. 

Choosing the optimal revascularization strategy for carotid and coronary 

atherosclerotic involvement is a particular challenge. The consensus expert opinion of an 

interdisciplinary team of specialists, national standards, unified protocols, the capabilities of 

the hospital unit and individual operational experience are extremely important. Last but not 

least, the right decision must take into account the initial clinical characteristics of each 

individual patient from an undeniably high-risk adult population, with the symptomatic 

vascular area and the available evidence for the benefits of the type and stages of 

revascularization playing a major role. In addition to focusing on methods individually and on 

constantly comparing them, there is a need for RCTs with a new endpoint: a focused analysis 



of the importance of risk stratification for predicting adverse events and improving long-term 

benefits and survival. 

Dissertation contributions 

1. The dissertation is the first in the country and among the few in literature, to present 

data on sequential coronary and carotid revascularization of a significant number of 

patients observed for an 8-year period in a single university centre. 

2. The importance of initial one-stage selective coronary angiography for identification 

of high-frequency carotid and coronary atherosclerosis in the Bulgarian population 

with the characteristic high-risk combination of concomitant diseases and organ 

dysfunctions has been confirmed. 

3. Sequential coronary and carotid revascularization with outcomes equaling the best in 

literature proves as an effective, efficient and safe interventional approach that 

increases the benefits of isolated CAS, equalizes the chances of patients with and 

without coronary artery disease and improves their survival. 

4. We created the first predictive models for the manifestation of the most important 

complications after hybrid revascularization - late myocardial infarction and late 

stroke in combined carotid and coronary heart disease. 

5. On the basis of a significant number of tested indicators for coronary, carotid, cardiac 

and concomitant pathology, and long-term follow-up, the first prognostic model for 

the survival of patients after hybrid revascularization was created. 
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