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Executive Summary 

 

 

Background 

Acute coronary syndrome (ACS) is the most common form of cardiovascular disease (CVD), with 

17.6% being the rate of death in South Africa and 31% (17.9 million) globally.  Carotid intima-

media thickening (CIMT) is an imaging technique that allows non-invasive assessment of vascular 

anatomy using B-mode (Bright mode) ultrasound.  In multiple studies, carotid intima-media 

thickness (IMT) has been shown to predict cardiovascular (CV) risk. 

 

An increase in carotid intima-media thickness may result from hypertrophy of the intimal or medial 

layers or both.  Cellular and molecular mechanisms that increase CIMT are also responsible for 

the development and progression of atherosclerosis.  CIMT evaluation is a safe, non-invasive, and 

cost-effective method to detect early atherosclerotic vascular diseases. 

 

However, the application of CIMT as a measure of adverse events following coronary artery 

bypass surgery (CABG) is not well described in the literature.  The aim of this study is to determine 

the pre-operative CIMT values (CABG) and establish whether an association exists between pre-

operative CIMT and outcomes in ACS patients undergoing coronary artery bypass surgery in 

central South Africa. 

 

Methods 

This retrospective analytical cohort study was conducted at Universitas Academic Hospital (UAH) 

within the Department of Cardiothoracic Surgery.  Universitas is a state/private hospital located in 

Bloemfontein, the capital city of the Free State, South Africa. 

 

The clinical data of 89 ACS patients with recorded CIMT measurements were included in the 

study.  The study group (n=89) was divided into two cohorts, group 1 and group 2.  Group 1 

included patients with normal CIMT values (<0.070 cm) and group 2 patients with abnormal CIMT 

values (≥0.070 cm). The medical records of all patients with a measured CIMT that received 

© Central University of Technology, Free State



Page vi of 84 

   

CABG surgery from 2008 to 2014 were evaluated.  Pre-operative risk factors, intra-operative risk 

factors, and post-operative complications were recorded. 

 

Results  

The study included 89 patients, of which 77 (86.5%) were male and 12 (13.5%) female. As 

expected, the CIMT differs significantly between group 1 and group 2 (p-value <0.0001) in terms 

of categorising normal and abnormal reference ranges for CIMT between groups.  Pre-operative 

mean body mass index (BMI) was significantly higher (p=0.03) in group 2 than in group 1 (29.2 

kg/m2 vs 26.6 kg/m2). Patients in group 2 had significantly more diabetes (p=0.008), hypertension 

(p=0.009) and an increased NT pro-BNP (p=0.02) than patients in group 1. The intra-operative 

and post-operative variables between groups were comparable, with no significant differences.  

 

Conclusion 

Currently, no studies have evaluated the outcomes of patients who present with an elevated pre-

operative CIMT undergoing CABG surgery.  There are significant and acceptable traditional pre-

operative risk factors correlating with CIMT, although the study could not demonstrate an 

assosiation with intra- and post-operative outcomes.  In this population, CIMT does not correlate 

with adverse patient outcomes and cannot be used as a tool to predict post-operative adverse 

events. 
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Chapter 1- INTRODUCTION 

 

 

As nations develop, previous third-world countries are now finding themselves in a second to 

first-world environment riddled with an increased risk of developing cardiovascular disease 

(CVD) due to lifestyle changes.  According to the World Health Organisation (WHO), these 

lifestyle factors dramatically increased the number of cardiovascular deaths globally, with an 

estimated 17.9 million deaths from CVDs in 2019, representing 31% of all global deaths.  In 

sub-Saharan Africa, non-communicable diseases are the second most common cause of death, 

accounting for 2.6 million deaths, equivalent to about 35% of deaths (Yuyun et al., 2020). 

 

Acute coronary syndrome (ACS) is the umbrella term used for the clinical signs and symptoms 

of myocardial ischemia; unstable angina, non-ST-segment elevation myocardial infarction 

(NSTEMI), and ST-segment elevation myocardial infarction (STEMI), and any other 

manifestations which are the result of sudden myocardial ischemia (Smith & Negrelli, 2015). 

Atherosclerosis is the leading cause of vascular diseases, contributing to ACS development 

(Herrington et al., 2016).  Evaluating atherosclerotic lesions in the carotid and peripheral 

arteries are mainly conducted by performing contrast angiography, an invasive method (Paech 

& Weston, 2011).  In the 1980s, other approaches entailed taking tissue specimens to be 

examined microscopically to examine and measure arterial wall thickness.  However, these 

methods are invasive and may be associated with increased risk and complication rates (Pignoli 

et al., 1986). 

 

Carotid intima-media thickness (CIMT) measures the combined thickness of the intima and 

media layers of the carotid artery, most commonly assessed by B-mode (bright mode) 

ultrasound (Zhang et al., 2014).  An increase in carotid intima-media thickness may result from 

hypertrophy of the intimal or medial layers or both.  Cellular and molecular mechanisms that 

increase CIMT are also responsible for the development and progression of atherosclerosis 

(Kasliwal et al., 2014).  CIMT analysis is a safe, non-invasive, and cost-effective method to 

detect early atherosclerotic vascular diseases.  As CIMT is regarded as a marker predicting 

early stages of the atherosclerotic process (Liu et al., 2020), and atherosclerosis causes CAD 

leading to CABG surgery, it is important to determine the association between CABG surgery 
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outcomes and CIMT.  This knowledge will significantly contribute to pre-operative risk factor 

analysis and potentially contribute to a more accurate prediction of patient outcomes whilst 

improving intra-operative patient care. 

 

Near-infrared spectroscopy (NIRS) monitors brain tissue oxygen saturation to evaluate the 

balance between brain oxygen supply versus consumption (Vretzakis et al., 2013).  NIRS has 

been extensively used in cardiac surgery patients to determine the association between cerebral 

oxygenation measurements and post-operative outcomes (Scheeren et al., 2012).  Murkin et al. 

(2007) found an association between intra-operative cerebral oxygen desaturation and post-

operative cognitive dysfunction, stroke, and prolonged hospital stay.  The influence of 

thickened carotid intima on a patient’s baseline NIRS value will provide us with a better 

understanding of the correlation of these variables to patient outcomes after cardiac surgery. 

 

The aim of this study is to determine the pre-operative CIMT values in ACS patients 

undergoing coronary artery bypass surgery (CABG) by evaluating if a correlation exists 

between pre-operative atherosclerotic burden and pre-, intra- and postoperative outcomes and 

complications in patients diagnosed with ACS.  NIRS will be used to evaluate the relationship 

between CIMT thickness and cerebral oxygen saturation. 

 

Aims and objectives 

The aim of this study was to investigate whether pre-operative CIMT measurements in ACS 

patients undergoing elective CABG surgery affect intra- and post-operative surgical outcomes. 

Objectives: 

 Identify all ACS patients with a pre-operative CIMT measurement between January 

2008-November 2014 from the Cardiothoracic database. 

 Compare the CIMT values between gender and race. 

 Correlate the CIMT value with the pre-operative patient risk factors. 

 Correlate the CIMT value with the intra-operative data. 

 Correlate the CIMT value with patient post-operative outcomes.  
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Chapter 2 – LITERATURE REVIEW 

 

 

2.1 BACKGROUND 

In 2010, cardiovascular disease mortality in sub-Saharan Africa was 892 deaths per 100,000 

people.  The combined fatal and non-fatal burden of disease was 18,825 disability-adjusted life 

years per 100,000 people.  For this reason, CVD contributes to the highest death and disability 

rate of the top 10 CVDs in sub-Saharan Africa (Keates et al., 2017). 

 

Atherosclerosis is the most frequent cause of CAD and underlies most ACS.  ACS can be 

treated pharmacologically or surgically.  Pharmacological treatment involves the use of statins 

(Rosenson et al., 2018), antithrombotics and antihypertensive drugs.  Surgically, myocardial 

revascularisation can be done using coronary artery bypass surgery or percutaneous coronary 

intervention to restore blood flow to the area distal to the blockage (Hamilton et al., 2013). 

 

The measurement of CIMT has been demonstrated as a marker for the presence (Geroulakos 

et al., 1994), risk (Kitagawa et al., 2007) and extent (Kablak-Ziembicka et al., 2004) of CVD. 

Several studies (Bots et al., 2016; Saxena et al., 2017) have validated the application of this 

imaging technique because it can detect slight changes over time associated with future 

cardiovascular events. 

 

2.2 ACUTE CORONARY SYNDROME (ACS) 

2.2.1 Definition 

CAD is the leading cause of mortality in Westernised countries (Mills et al., 2016).  ACS can 

be defined as a constellation of clinical presentations ranging from those with (i) unstable 

angina, (ii) non-ST-elevation myocardial infarction (NSTEMI) and (iii) ST-elevation 

myocardial infarction (STEMI).  The three clinical conditions have similar pathophysiologies, 

but each condition presents with specific clinical features, therapies, and prognoses (Lusis, 

2010). 
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Acute thrombosis can contribute to ACS development and can be aggravated by a ruptured or 

eroded atherosclerotic plaque, which can occur with or without vasoconstriction.  This can lead 

to partial or total occlusion in blood flow to the myocardium, causing ischemia, injury, or 

infarction (Alfarisi et al., 2020). 

 

2.2.2 Aetiology of acute coronary syndrome 

Fibrous plaque formation or thrombosis can cause occlusion of a coronary artery, thus 

decreasing or impeding blood flow to the myocardium.  Atherosclerosis is the leading cause 

contributing to the formation of these plaques or thrombi (Insull, 2009). 

 

2.2.2.1 Atherosclerosis 

Atherosclerosis is a chronic inflammatory disease of large- and medium-sized arteries, 

characterised by subendothelial accumulation and subsequent oxidative modification of 

lipoproteins, immune cells, and the extracellular matrix (Libby, 2012).  Atherosclerosis is 

characterised by the accumulation of fatty deposits, platelets, neutrophils, monocytes, and 

macrophages throughout the tunica intima (endothelial cell layer) and eventually into the tunica 

media (smooth muscle layer).  The arteries most often affected are the coronaries, aorta and the 

cerebral arteries (Aziz, 2016) due to high blood pressure and arterial vessel tortuosity in these 

regions (Ciurică et al., 2019).  Atherosclerosis progresses relentlessly before ultimately 

manifesting as an acute ischemic event (Kumar & Cannon, 2009).   

 

2.2.2.2 Pathophysiology of atherosclerosis 

Atherosclerosis is caused by endothelium dysfunction and can be caused by various factors 

(Hamad et al., 2020).  Deleterious modifications in the physiology or metabolism of endothelial 

cells initiate the development of atherosclerosis, and the development of plaque and the 

occurrence of atherosclerosis (Yang et al., 2020).  The sequential event includes focal 

permeation, trapping, and physicochemical modification of circulating lipoprotein particles in 

the sub-endothelial space constructing an inflammatory lesion (Linton et al., 2019).  

 

Once endothelium damage occurs, the inflammatory cells, mainly monocytes, migrate into the 

sub-endothelium by binding to endothelial adhesion molecules.  Once in the sub-endothelium, 

they undergo differentiation, becoming macrophages.  Macrophages digest oxidised low-
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density lipoproteins (LDL) that penetrate the arterial wall, transforming into foam cells and 

causing fatty streak formation (Ross, 1999). 

 

The formation of atherosclerosis occurs in four stages (Stage I-IV), as summarised below. 

 

Stage I: Endothelial dysfunction 

The normal vascular endothelium is taken as a gatekeeper of cardiovascular health.  In contrast, 

abnormal vascular endothelium contributes significantly to many cardiovascular ailments, such 

as atherosclerosis, ageing, hypertension, obesity, and diabetes (Sun et al., 2020).   

 

The endothelium regulates vessel tonus through vasoactive substances (nitric oxide, endothelin 

and cycloxygenase).  Besides regulating vessel tonus, endothelial cells are also responsible for; 

(i) the regulation of cell adhesion, (ii) tissue growth and metabolism, (iii) angiogenesis, (iv) 

inflammatory responses, (v) vessel integrity, hemostasis, (vi) vascular permeability, (vii) 

vascular smooth muscle cell proliferation, (viii) platelet activation and (ix) thrombus formation 

(Boulanger, 2016). 

 

Damage to the endothelium upsets the balance between vasoconstriction and vasodilation and 

initiates a number of events/processes that promote or exacerbate atherosclerosis.  These events 

are summarised in figure 2.1 and include: 

 increased endothelial permeability,  

 hemodynamic stress-induced damage (Franck et al., 2019) causing platelet aggregation  

(Patzelt et al., 2015),  

 leukocyte adhesion is triggered by the expression of intercellular adhesion molecule 1 

(ICAM-1) and vascular cell adhesion molecule 1 (VCAM-1) (Habas & Shang, 2018) 

and 

 the generation of cytokines and monocyte adhesion to the endothelium.  
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Figure 2.1 Pathophysiology of atherosclerosis- Stage I: endothelial dysfunction in 

atherosclerosis development (adapted from Ross, 1999) 

 

Stage II: Fatty-streak formation  

Endothelial activation triggers platelet aggregation and monocyte adhesion, followed by the 

secretion of chemokines (monocyte chemoattractant protein-1). Platelet aggregation occurs 

when platelets are activated. These platelets adhere to the endothelial monolayer and release 

inflammatory mediators. Platelet-derived inflammatory mediators promote activation of the 

endothelial monolayer and recruitment of circulating blood cells, including monocytes and 

endothelial progenitor cells.  These cells signal additional inflammatory mediators to the 

compromised area (Franck et al., 2019).  The chemokines recruit circulating monocytes to 

transmigrate into the intima.  The monocytes differentiate into macrophages in response to 

macrophage colony-stimulating factor (M-CSF) and granulocyte-macrophage colony-

stimulating factor (GM-CSF) (Čejková et al., 2016) (Figure 2.2). 
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Figure 2.2 Transmigration of monocytes into the intima (adapted from Linton et al., 2019) 

 

Cholesterol-carrying low-density lipoproteins (LDL) stimulate innate and adaptive immune 

responses.  Fatty streaks initially consist of lipid-laden macrophages (foam cells) caused by 

oxidatively-modified LDL, consisting of protein components modified by aldehyde products.  

Negative charges are created that render the oxidised LDL very attractive to macrophages 

(Ganesan et al., 2018).  Exaggerated macrophage phagocytosis of accumulating lipids in 

arterial walls leads to the formation and accumulation of foam cells (Colin et al., 2014).  The 

accumulation of the oxidised LDL in macrophage-derived foam cells directly affects foam cell 

migration.  It increases focal adhesion kinases, which drives foam cell accumulation in the 

arterial intima (Lu & Weiser-evans, 2019).  

 

Although macrophages are the primary infiltrating cells, other cells contribute to the 

development of atherosclerotic lesions, including dendritic cells, mast cells, T cells, and B cells 

(Libby, 2012).  Adaptive immunity is mediated by T cells and B cells, which recognise 

modified auto-antigens presented by antigen-presenting cells, such as macrophages or dendritic 

cells (Bartlett et al., 2019).  T cells are among the first to be recruited into the atherosclerotic 

lesion and are later accompanied by numerous smooth-muscle cells (Minelli et al., 2020) 

(Figure 2.3). 
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The lesion will progress to fibrotic plaques due to continued inflammation and the macrophage 

chemoattractants will stimulate the infiltration and proliferation of vascular smooth muscle 

cells.  The smooth muscle cells produce the extracellular matrix, thus providing a stable fibrous 

barrier between plaque prothrombotic factors and platelets (Basatemur et al., 2019)(Figure 2.3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.3 Stage 2: Fatty-streak formation in atherosclerosis (adapted from Ross, 1999) 

 

Stage III: Formation of an advanced, complicated lesion of atherosclerosis 

Figure 2.3 illustrates fatty streak progression to intermediate and advanced lesions. It forms a 

fibrous cap that walls off the lesion from the lumen.  This represents a type of healing or fibrous 

response to the injury.  The fibrous cap covers a mixture of leukocytes, lipids, and debris, which 

may form a necrotic core (Gonzalez & Trigatti, 2017). 

 

The triggering of the macrophage inflammatory pathways and the accumulation is also a 

critical event in lesion development.  The principal factors associated with macrophage 

accumulation include macrophage colony-stimulating factor, monocyte chemotactic protein 1, 

and oxidised LDL (Figure 2.4).  The necrotic core results from apoptosis and necrosis, 

increased proteolytic activity, and lipid accumulation (Gonzalez & Trigatti, 2017).  The fibrous 

cap forms due to increased activity of platelet-derived growth factor, transforming growth 

factor b, interleukin-1, tumour-necrosis factor-alpha (Colin et al., 2014). 
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Figure 2.4 Stage 3: Formation of an advanced, complicated lesion of atherosclerosis 

(adapted from Ross, 1999) 

 

(D) Stage 4: Unstable fibrous plaques in atherosclerosis 

Slowly growing plaques expand gradually due to lipid accumulation in foam cells and the 

migration and proliferation of smooth muscle cells (Basatemur et al., 2019).  These plaques 

tend to stabilise because of the vascular smooth muscle cells that synthesise structurally 

important collagens that provide stability to the plaque and are not prone to rupture and the 

fibrin cap on the lesion matures.  In contrast, other plaques grow more rapidly because of rapid 

lipid deposition and inflammatory cells that release matrix metalloproteinases, which degrade 

collagen and extracellular matrix, potentially weakening the plaque.  These have thin fibrin 

caps that are prone to rupture (Figure 2.5) (Dave et al., 2013).  Neutrophils also further increase 

inflammation by releasing pro-inflammatory molecules, such as tissue necrosis factor-α, 

interleukin-1, 6, 8 and granulocyte-macrophage colony-stimulating factors, well as the pro-

oxidant enzymes, setting the stage for plaque disruption, acute thrombosis with subsequent 

vascular occlusion (Silvestre-Roig et al., 2020).  
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Figure 2.5 Pathophysiology of atherosclerosis Stage 4: unstable fibrous plaques in 

atherosclerosis (adapted from Ross, 1999) 

 

2.2.3 Treatment of ACS 

Several treatment methods are available to treat patients diagnosed with ACS.  Treatment of 

ACS patients includes, revascularisation of the obstruction to restore the blood supply to the 

ischemic myocardium to limit ongoing harm, reduce ventricular irritability, and improve short- 

and long-term outcomes.  The treatment methodologies for revascularisation include 

thrombolysis (dissolving and breaking blood clots) with fibrinolytic drugs (pharmacological 

treatment), percutaneous coronary intervention (PCI) and CABG with the use of CPB 

(Bergheanu, 2017). 

 

2.2.3.1 Pharmacological/Medical treatment of ACS 

Numerous drugs are available to treat ACS, but the most commonly used drugs and their mode 

of action are summarised below (Strange, 2008): 

 anti-ischemic therapy: -e.g. nitroglycerin,β-blockers, calcium channel blockers, 

inhibitors of the renin-angiotensin-aldosterone system (Clopidogrel), morphine and 

other analgesics (Amsterdam et al., 2014). 

 antithrombotic therapy: -aspirin. 
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 platelet populations and specific platelet responses are promising targets for the new 

antithrombotic treatment of patients with cardiovascular disease(van der Meijden & 

Heemskerk, 2019). 

 anticoagulant therapy: -unfractionated heparin and low–molecular-weight heparin 

(Amsterdam et al., 2014). 

 lipid-lowering therapy -in the absence of contraindications, lipid-lowering treatment 

with statins should be initiated for all patients with unstable angina/ NSTEMI, 

regardless of baseline LDL cholesterol levels.  Currently, it is known that the addition 

of anti-PCSK9 (proprotein convertase subtilisin/kexin type 9) antibody significantly 

reduces plasma LDL-C and the incidence of cardiovascular events (Rosenson et al., 

2018). 

 

2.2.3.2 Revascularization 

Coronary artery bypass grafting (CABG) and percutaneous coronary intervention (PCI) are 

recommended for revascularization treatments for patients with diabetes mellitus (DM) with 

obstructive CAD (Head et al., 2017).  

 

Myocardial revascularization has been the golden standard in treating CAD for over 50 years. 

CABG was used in clinical practice since the 1960s (Rocha, 2017), while Grüntzig first 

introduced PCI. In the mid-1980s, PCI was promoted as an alternative to CABG (Iqbal et al., 

2013). Between 2001 and 2006, the number of PCIs performed annually for multivessel disease 

increased by 56%, and the total number of CABG surgeries decreased by 24% and continued 

to decline at a rate of approximately 5% per year subsequently (Riley et al., 2011). 

 

While both interventions have witnessed significant technological advances, in particular the 

use of drug-eluting stents (DESs) in PCI and arterial grafts in CABG, their role in the treatment 

of patients presenting with stable CAD is being challenged by advances in medical treatment, 

referred to as optimal medical therapy, which include intensive lifestyle and pharmacological 

management (Nerlekar et al., 2016).  
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2.2.3.3 Coronary bypass graft surgery with cardiopulmonary bypass (CPB) 

Cardiac surgery has been consistently performed using CPB ever since its clinical introduction 

during the 1950s.  The first successful CPB procedure was done in 1953 on a woman with an 

atrial septal defect, and soon CPB became the standard for all cardiac procedures (Alexi-

meskishvili & Konstantinov, 2003). 

 

CABG had been hampered by limitations arising from the impossibility of exposing the lateral 

and posterior coronary arteries while dependent on the heart's pumping function.  The invention 

of the CPB machine allowed physicians to stop the heart and be able to manipulate the heart to 

the desired position (Passaroni et al., 2015). 

 

CPB circuits include pumps, cannulae, tubing, reservoir, oxygenator, heat exchanger and 

arterial line filter. Modern CPB machines have systems for monitoring pressures, temperature, 

oxygen saturation, haemoglobin, blood gases, electrolytes, and safety features such as bubble 

detectors, oxygen sensors, and reservoir low-level detection alarms (Sarkar & Prabhu, 2017). 

 

To bypass severely stenotic arteries, transplanted saphenous veins are used as auto-grafts in 

coronary artery bypass operations.  The graft extends from the proximal ascending aorta to just 

beyond the stenotic area of the artery.  After a few years, venous grafts exhibit atherosclerotic 

plaques indistinguishable from those found in native coronary arteries.  Half of these grafts 

occlude within 5 to 10 years, owing to neo-intimal hyperplasia and atherosclerosis (Fitzgibbon 

et al., 1996; Harskamp et al., 2013).  

 

2.2.3.4 Percutaneous coronary intervention (PCI) 

Percutaneous coronary intervention (PCI) is a non-surgical, invasive procedure to relieve the 

narrowing or occlusion of the coronary artery and improve blood supply to the ischemic tissue. 

Percutaneous coronary intervention is performed during an angiogram in the angiography suite. 

Different methods usually achieve this, the most common being ballooning the narrow segment 

or deploying a stent to keep the artery open (Nerlekar et al., 2016).  
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2.2.3.5 Balloon angioplasty 

PCI can involve the inflation of a balloon inside a coronary artery to open the narrowing. It 

leads to the disruption of plaque. This procedure is not the primary intervention anymore 

because, over time, the ballooned artery returns to the stenotic state. It is, however, performed 

when stent placement is either not possible or will be harmful. It can also be performed as a 

bridge to CABG or future PCI (Levine et al., 2016). 

There are different types of stents available such as (Stefanini & Holmes, 2013):  

 Bare metal stents are preferred if the patient cannot take a longer duration of dual 

antiplatelet therapy (DAPT). A minimum of 1 month of DAPT is required. 

 Drug-eluting stents (DES) were found to have reduced restenosis and 

revascularization rates compared with bare-metal stents. 

 Bioresorbable vascular scaffold and 

 Drug-eluting balloons 

 

2.3.  PRE-OPERATIVE CLINICAL RISK FACTORS AND COMORBIDITIES 

Careful evaluation of patient characteristics should lead to proper risk stratification, identifying 

areas that can be neutralised through intervention.  The incorporation of advances in the 

treatment of coronary bifurcation summit can lead to improved coronary bypass results.  The 

following core variables are described by the American Heart Association (AHA) and 

American College of Cardiology (ACC) as predictors of mortality after CABG surgery (Hills 

et al., 2011): 

i. the urgency of operation,  

ii. age,  

iii. prior heart surgery,  

iv. gender,  

v. left ventricular ejection fraction,  

vi. and percentage stenosis on the left main coronary artery (with more than 70% stenosis).  

 

Additionally, other variables were identified that, when added to the core variables, had a 

modest influence on predictive capabilities (Eagle et al., 2004):  

i. height,  

ii. weight,  
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iii. percutaneous coronary intervention during admission,  

iv. recent (less than 1 week) myocardial infarction,  

v. history of angina,  

vi. ventricular arrhythmia,  

vii. chronic heart failure,  

viii. mitral regurgitation, and  

ix. comorbidities.  

 

These comorbidities refer to important risk factors associated with CAD and attempts to reduce 

CAD are based on modifying these risk factors.  The Framingham Heart Study (1960s) 

identified significant risk factors associated with CAD and included modifiable and non-

modifiable risk factors.  Modifiable risk factors include diabetes, smoking, hypertension, 

hyperlipidaemia, sedentary lifestyle, obesity, stress and depression.  Non-modifiable factors 

are advanced age, male gender and a family history of premature CAD (Tabei et al., 2014).   

 

2.4 INTIMA-MEDIA THICKNESS (IMT) 

Atherosclerosis is more or less equally present in the coronary, cerebral, and carotid arteries 

(Svanteson et al., 2017).  IMT measures the common carotid artery (CCA) and is a marker for 

atherosclerosis (Weber et al., 2015). 

 

Pignoli et al. (1986) were the first to report the measurement of IMT of carotid arteries using 

ultrasound.  Salonen & Salonen (1991) followed, reporting on the in vivo use of ultrasound 

imaging to evaluate atherosclerotic changes in the carotid arteries.  They demonstrated a close 

histological relationship between coronary, cerebral, and carotid atherosclerotic diseases.  

Since then, the ultrasonographic assessment of easily accessible arteries has become a surrogate 

marker for evaluating less accessible vessels such as the coronary and cerebral arterial systems 

(Amato et al., 2017).  Ultrasound imaging provides information on IMT, the presence and type 

of plaque, calcification, and wall diameter.  Therefore, ultrasound imaging aids in assessing 

pre-symptomatic lesions and atherosclerotic burden (Zhang et al., 2014). 

 

© Central University of Technology, Free State



Page 27 of 84 

   

2.4.1. Science of ultrasound 

As ultrasound pulse waves propagate through the body and encounter the boundary between 

two tissues, a certain amount of sound energy is reflected at the interface, while the remainder 

propagates on into the second tissue.  The amount that is reflected depends on the difference in 

acoustic impedance of the two tissues.  Acoustic impedance is defined as the product of 

material density and the speed of sound.  When ultrasound pulse (wave) propagates through 

the layers of the carotid artery, reflections of echoes may occur at the interface between the 

adventitia and media, media and intima, intima and lumen if a significant difference in acoustic 

impedance exists between the different tissue structures (Zhang et al., 2014).  Whether the 

reflected echoes will be detected depends on the amount of reflected energy in relation to the 

sensitivity of the ultrasound instrumentation.  Better resolution is achievable at higher 

transducer frequencies. 

 

On the other hand, attenuation of sound energy loss is caused when scattering and absorption 

become more pronounced at higher frequencies.  Therefore, a compromise between resolution 

and penetration depth that affects the attenuation degree is required.  A transducer can achieve 

a good ultrasound imaging quality of the carotid artery with a wavelength between 5 and 10 

MHz, depending on the vessel's depth (Hannawi et al., 2018). 

 

2.4.2. Performing carotid intima-media thickness evaluation 

Three layers compose the wall of an artery.  From the lumen outwards, the tunica intima (or 

intima), the tunica media, and the tunica adventitia.  The vessel wall nearest to the transducers 

is called the “near wall”, and the farthest one is the “far wall”, as illustrated in figure 2.6.  After 

processing these signals, a typical two-layered image will be generated, as shown in figure 2.7 

(Touboul et al., 2013). 
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Figure 2.6: Scanner probe position and cross-sectional view of the carotid artery (adapted 

from https://preventivecardiologist.wordpress.com/2012/05/18/whats-so-great-

about-carotid-artery-thickness/) 

 

CIMT measurement is a double-line pattern visualised by echotomography on the common 

carotid artery (CCA) walls in a longitudinal image (El-saadany et al., 2012).  It is formed by 

two parallel lines consisting of the leading edges of two anatomical boundaries: the lumen-

intima and media-adventitia interfaces (Touboul et al., 2013) (Figure 2.7).   

 

Figure 2.7 Typical view of CIMT (adapted from El-saadany, Ahmed and Dharmadhikan, 

2012) 
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2.4.2.1 Application of CIMT 

Non-invasive testing is recommended in patients with suspected stable ischemic heart disease 

(Weissgerber et al., 2016).  Carotid ultrasound provides information about IMT, presence of 

plaque, plaque volume, lumen narrowing, and shear stress (Kim & Youn, 2016).  This method 

is safe, relatively inexpensive, available and reliable for evaluating carotid arteries (Touboul et 

al., 2013).  IMT evaluations may help detect coronary artery disease in the early stages of the 

disease and might predict the risk of a future stroke or cardiovascular event (Zhang et al., 2020; 

Gautam et al., 2019). 

 

2.4.2.2 Ultrasound equipment settings 

CCA acquisition with ultrasound should include standard equipment such as a high-resolution 

B-mode system operating with preferentially linear ultra-sound transducers at frequencies of 

17 MHz.  Appropriate depth of focus (e.g. 30–40 mm), frame rate optimally 25 Hz (115 Hz), 

and gain settings (minimal intraluminal artefacts) are recommended to obtain optimal image 

quality.  Log gain compensation should be around 60 dB.  It must be adjusted to obtain a 

symmetrical brightness on the near and far wall, decreasing the gain in the mid-part of the field 

to avoid intraluminal artefacts if needed (Touboul et al., 2013). 

 

2.4.3. Advantages of CIMT 

In clinical practice, ultrasonographic assessment of CIMT outperforms angiography when 

observing atherosclerotic vascular changes and the development of atherosclerosis.  These 

advantages include (Kasliwal et al., 2014): 

 CIMT can be used repeatedly and reproducibly with no adverse effects on the patients.  

It can be performed non-invasively with no risk of vessel dissection, vessel closure, or 

coronary spasm. 

 CIMT scanning protocol can detect atherosclerotic diseases in early and asymptomatic 

stages. 

 CIMT directly visualises vasculature, unlike indirect biomarkers such as low-density 

LDL-C or even the more advanced biomarkers like high-sensitivity C-reactive protein 

or lipoprotein-associated phospholipase A2. 

 CIMT with plaque interrogation can be performed in any basic ultrasound ambulatory 

setting with favourable speed and cost factors. 
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 CIMT can be easily quantified via automated boundary detection software, and the 

carotid interrogation is radiation-free and thus safer than other imaging tests such as 

coronary calcium scoring. 

 CIMT allows for observation of the arterial wall, the actual site of the atherosclerotic 

disease, rather than the lumen. 

 CIMT is not dependent on calcification of the plaque, as are some of the other 

assessment tools, such as the coronary artery calcification score. 

 

2.4.4. Association between carotid intima-media thickness and cardiac risk factors 

An increase in IMT can be associated with cardiac risk factors, e.g. age, gender (male/female), 

smoking, hypertension, hypercholesterolemia and diabetes mellitus (Cheng et al., 2002).  There 

is an association between carotid IMT and local atheromatous plaque.  Therefore, the baseline 

common carotid artery inter media thickening (CCA-IMT) is an independent predictor of 

carotid plaque occurrence, with a prevalence of plaque threefold higher in a patient with a high 

IMT baseline (Singh et al., 2013).  It is possible to conclude that increased wall thickness 

precedes plaque formation and that non-invasive B-mode ultrasonographic measurement of 

CCA-IMT could be considered a useful marker for the development of carotid atherosclerosis 

(Cazaubon, 2006). However, Willeit et al. (2020) concluded that the extent of intervention 

effects on CIMT progression predicts the degree of CVD risk reduction and provides a missing 

link supporting the usefulness of CIMT progression as a surrogate marker for CVD risk in 

clinical trials. 

 

Gautam et al., (2019) reported that the mean CIMT was significantly higher in patients with 

triple-vessel disease than in control subjects and patients with single-vessel disease.  However, 

Touboul et al. (2013) demonstrated that CIMT values in a healthy population differ between 

countries and are related to many factors, such as methodological variability and differences in 

cardiovascular risk and factor profiles.  Since 2000, several guidelines (Mancia et al., 2007; 

Touboul et al., 2013; Amer et al., 2010; Greenland et al., 2010; Aboyans et al., 2018) have 

suggested that carotid artery B-mode ultrasound imaging is a safe, non-invasive and relatively 

inexpensive method to assess subclinical atherosclerosis in asymptomatic individuals (>45 

years of age) and could provide valuable information on traditional risk factor assessment.  
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However, matching reference values to specific imaging protocols remains important 

(Magnussen, 2017). 

 

2.4.5. Reference ranges for carotid intima-media thickening 

Although the importance of CIMT measurements has been confirmed, there is still a lot of 

controversy in the literature about set reference limits (Ravani et al., 2015).  Studies such as 

the Atherosclerosis Risk in Communities (ARIC) (Chambless et al., 1997) and Multi-Ethnic 

Study of Atherosclerosis (MESA) (Polak et al., 2017) reported the use of different CIMT values 

according to age, gender and geographical origin.  Therefore, the suggestion is that normative 

CIMT values should be defined, considering age, gender, and geographical origin.  The 

American Society of Echocardiography supports these statements and recommends that 

population-specific normative CIMT reference values be set according to age, gender, and 

ethnicity (Stein et al., 2008).   

 

CIMT values greater than or equal to the 75th percentile are considered high and indicate 

increased CVD risk.  The 25th to 75th percentile values are considered average and indicate 

unchanged CVD risk.  Values less than or equal to the 25th percentile are considered low for 

CVD risk (Stein et al., 2008; Greenland et al., 2010; Barili et al., 2016).  CCA-IMT ‘normal 

values’ in the absence of plaque should help characterise populations at intermediate risk 

(Touboul et al., 2013). 

 

CIMT reference ranges are available for different age groups and gender, as summarised in 

Table 2.1 (Randrianarisoa et al., 2015).  Furthermore, the atherosclerosis risk in communities 

(ARIC) study has published a calculator incorporating CIMT and plaque assessment to 

determine an adjusted Framingham risk (Kats et al., 2016).   

 

Table 2.1 Normal CIMT values (Randrianarisoa et al., 2015) 

Age 18-29 30-39 40-49 50-59 

Women 0.47mm 0.59mm 0.67mm 0.70mm 

Men 0.47mm 0.62mm 0.72mm 0.80mm 
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The CIMT cut-off value of 0.07 cm in this study was selected with reference to the findings of 

Youn et al. (2011), which demonstrated the mean value and 5th, 10th, 25th, 50th, 75th, 90th, 

and 95th percentiles value of carotid intima-media thickness among men and women according 

to age group.  The 75th percentile values observed in Youn et al. (2011) were selected as cut-

off values for our study.  The 75th percentile is also described by the Manneheim consensus 

study (Touboul et al., 2013). 

 

2.5 NEAR-INFRARED SPECTROSCOPY (NIRS) 

Jöbsis (1977) first reported using near-infrared spectroscopy to monitor regional cerebral 

oxygen saturation (rSO2). rSO2 is a non-invasive monitoring technique used to measure bedside 

cerebral oxygen saturation. Its rapid, sensitive and ongoing monitoring capability allows it to 

provide real-time cerebral oxygenation values (Scheeren et al., 2012). 

 

Figure 2.8: Near-infrared spectroscopy (adapted from 

http://www.wemed1.com/downloads/dl/file/id/7947/product/10495/manual_fo

r_mo_s_5100c.pdf 

 

2.5. NIRS sensor placement 

Since near-infrared light quickly penetrates the skull, it is possible to perform a real-time 

assessment of regional (frontal) cortical oxygenation (rSO2) using electrodes placed on the 

patient’s forehead. This region contains blood in a so-called watershed area, which is the area 
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situated between the regions receiving blood from the anterior and medial cerebral artery. Brain 

tissue oxygen haemoglobin saturation derives mainly from the grey matter in the cerebral 

cortex and reflects the balance between oxygen delivery and utilisation in that region (Figure 

2.8) (Scheeren et al., 2012). 

 

2.5.1. Interpretation of NIRS values 

A decline in the rSO2 <50% or a 20% drop from the individual rSO2 baseline is cause for 

concern and warrants clinical intervention.  Absolute values below 50% and a decline of more 

than 25% from baseline are associated with neurological dysfunction and other adverse 

outcomes (Edmonds et al., 2004; Wang et al., 2020). 

 

2.5.2. The value of NIRS in cardiopulmonary bypass 

The typical range of rSO2 is 55–80%. The incidence of desaturation in cerebral oximetry below 

50%; or a decline of 20% from baseline in patients undergoing CABG surgery using CPB, can 

be as high as 42 %, as reported by Vretzakis et al. (2014).  The effect of non-physiological 

blood flow, temperature fluctuations and anaesthesia during CPB gives rise to the importance 

of measuring rSO2. These elements constantly vary peri-operatively and rSO2 makes timeous 

intervention possible to mitigate the unfavourable neurological outcome (McDonagh et al., 

2018).  

 

2.5.3. Association between NIRS and post-operative outcome  

Cerebral oximetry is useful during coronary artery bypass surgery.  Its use is associated with a 

shorter ICU stay, lower incidence of stroke, renal failure, deep sternal infection, prolonged 

ventilation, reoperation and death (Murkin et al., 2007).  Neurologic injury is still a common 

complication after cardiac surgery, post-operative neurocognitive decline and stroke account 

for up to 50% and 1-3% of the complication rates, respectively (de Tournay-Jetté et al., 2011).   

 

Neurocognitive dysfunction is a complication of cardiac surgery that can restrict the improved 

quality of life that patients usually experience after cardiac surgery (Newman et al., 2006). 
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2.6. INTRA- AND POST-OPERATIVE OUTCOMES AND COMPLICATIONS 

AFTER CARDIOPULMONARY BYPASS SURGERY 

CABG surgery is a standard surgical procedure, representing annual volumes of approximately 

200,000 cases in the United States and an average incidence rate of 62 per 100,000 inhabitants 

in Western European countries (Melly et al., 2018). The peri-operative mortality in elective 

CABG surgery patients is approximately 1-2%, while other complications range between 5% 

and 7% (Jan et al., 2021). Reiche et al. (2021) reported a significant peri-operative mortality 

rate of 11.2% in a Johannesburg hospital in South Africa, which is much higher than worldwide 

statistics (Jan et al., 2021). 

 

Advanced age, a lower left ventricular ejection fraction, smoking, increased CPB time, and a 

higher European System for Cardiac Operative Risk Evaluation (EuroSCORE) II are all 

associated with increased mortality (Reiche et al., 2021). 

 

Risk prediction models such as the Society of Thoracic Surgeons (STS) (Shahian et al., 2009; 

O’Brien et al., 2018) and the European System for Cardiac Operative Risk Evaluation 

(EuroSCORE I&II) were developed as tools for patient risk stratification. These tools are 

widely used as risk stratification models in patients presented for cardiac surgery. EuroSCORE 

I (Nashef et al., 1999), revised in 2011 as EuroSCORE II (Nashef et al., 2012) due to substantial 

improvement in quality of care, use cardiac-specific and procedure-based variables to predict 

the patient’s risk of mortality following cardiac surgery. 

 

2.6.1. Pre-operative risk factors and predictors of in-hospital mortality after CABG 

2.6.1.1. Age at surgery 

As the population ages, an increasing number of older patients are undergoing adult cardiac 

surgery.  Older age has been recognized as an independent predictor of short- and long-term 

mortality and adverse outcome after CABG surgery (Kamal et al., 2017). 

 

According to Lemaire et al., (2020), patients aged  ≥ 80–89 years had worse post-operative 

outcomes and female octogenarians had a higher mortality rate compared to their male 

counterparts. 
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2.6.1.2. Obesity 

Obesity, defined as a body mass index (BMI) ≥30 kg/m2 has been associated with increased 

pulmonary morbidity. Severe obesity (BMI ≥ 40 kg/m2) has been deemed an independent risk 

factor for an extended hospital stay after CABG surgery (Kamal et al., 2017).  However, 

(Stamou et al., 2011) documented that overweight and obese people with cardiovascular 

disease have a better prognosis than patients with a normal BMI. 

 

2.6.1.3. Diabetes mellitus 

The association of metabolic disorders with diabetes mellitus led to accelerated atherosclerotic 

progression and complexity of coronary lesions (Ryde’n et al., 2014).  For this reason, patients 

with diabetes are at increased risk of developing major adverse events and death after CABG 

surgery with prolonged hospital stay than patients without diabetes (Kamal et al., 2017). 

 

2.6.1.4. Hypertension 

Isolated systolic hypertension (systolic blood pressure (SBP) >140 mmHg, after adjusting for 

other potential risk factors) increased the risk of adverse outcomes by 30% and is associated 

with a 40% increase in the possibility of cardiovascular morbidity peri-operatively in CABG 

patients (Aronson et al., 2002). Hypertension also increases the potential for atrial fibrillation 

after CABG (Gorczyca et al., 2018). 

 

2.6.1.5. Renal impairment 

Post-operative acute renal failure develops in 5-30% of patients who undergo cardiac surgery 

and is associated with a high risk of death (up to 80%) (Serraino et al., 2021). 

 

Alramadan et al. (2019) concluded that pre-existing renal dysfunction is a significant predictor 

of 30-day and long-term mortality, length of ICU stay, and other significant post-operative 

complications. 

 

2.6.1.6 Low left ventricular ejection fraction (LVEF) 

Patients with severely reduced LVEF are at a higher risk of mortality after CABG than those 

with lower ejection fraction levels (Valezquez et al., 2016). Surgery remains superior to 

medical therapy alone in patients with a low LVEF (Lerman et al., 2019). 
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2.6.2. Intra-operative outcomes 

CPB use is unique due to its overall effect on a patient's physiology compared to other types of 

surgery.  Because patients undergo intense surgery for an extended period, the duration of CPB 

is significantly related to increased post-operative complications (Madhavan et al., 2018). 

 

2.6.2.1. Cumulative bypass time (minutes) 

Prolonged duration of CPB time is associated with an increased incidence of prolonged 

mechanical ventilation (Nadeem et al., 2019) and SIRS response (Roberto et al., 2002).  

Numerous studies comparing on-pump versus off-pump cardiovascular surgery have 

documented more significant adverse outcomes in on-pump conventional CPB patients 

(Madhavan et al., 2018; Gaudino et al., 2018; Nadeem et al., 2019). CPB duration positively 

correlates with interleukin-6 response responsible for the systemic inflammatory response 

associated with adverse outcomes in cardiac surgery (Shultz et al., 2016). 

 

2.6.2.2. Cumulative cross-clamp time (minutes) 

Prolonged cross-clamp time correlates with post-operative morbidity and mortality in both 

low- and high-risk patients (Al-Sarraf et al., 2011). Despite advances in surgical techniques 

and procedure refinement, prolonged cross-clamp time remains a significant predictor of 

morbidity and mortality (Iino et al., 2017). Extended cross-clamp times are associated with low 

cardiac output, prolonged ventilation, renal compromise, and neurological deficits noted 

immediately after CPB surgery (Shultz et al., 2016).  

 

2.6.2.3. Total number of grafts >3 

Most commonly used in CABG surgery, vascular conduits include the major saphenous vein 

and the internal left thoracic artery (mammary artery). The major saphenous vein is used for 

its length and ease of access. However, long-term patency remains suboptimal with a 10-year 

patency rate of 50-60% and is associated with leg wound infection and increased hospital stay 

(Head et al., 2017). The mammary artery is the gold standard conduit and is anastomosed to 

the left anterior descending artery with a 10-year patency rate of >90%, with only 1% of 

patients having hemodynamically significant atherosclerosis (Hussain & Harky, 2019). 
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The poor prognosis of patients presenting with ACS is related to an increased risk of acute 

myocardial infarction, the incidence of heart failure, cardiac arrest and dysrhythmias. However, 

event-free survival rates are higher after bypass surgery, independent of the number of vessels 

diseased (Hussain & Harky, 2019). 

 

Ultimately, the long-term clinical outcomes after CABG surgery result from the complex 

interplay involving conduit selection, handling and salvage, bypass technique, surgeon 

experience or competence, patient factors and compliance, and post-operative medical therapy 

(McNichols et al., 2021). 

 

2.6.2.4. Inotropic and vasopressor administration during CPB 

Vasoactive, inotropic and vasopressor therapies improve end-organ perfusion by enhancing the 

adrenergic pathway (Belletti et al., 2015). Severe systemic vasodilation (vasoplegia), 

characterized by markedly decreased systemic vascular resistance (SVR) and low mean arterial 

blood pressure (MAP) during and after CPB, occurs in 5-25% of patients undergoing cardiac 

surgery (Belletti et al., 2015).  According to the 2019 European Society for Cardiothoracic 

Surgery, European Society for Cardiothoracic Anesthesia and European Board of 

Cardiovascular Perfusion Guidelines on CPB in adult cardiac surgery, it is recommended that 

vasoplegic syndrome during CPB be treated with alpha-1 adrenergic agonist vasopressors to 

combat low SVR (Wahba et al., 2020).  Norepinephrine is classified as an alpha-1 adrenergic 

agonist, which is considered the first-line agent and may have a mortality benefit over other 

drugs (Shaefi et al., 2018). 

 

Targeting a normal physiological MAP during CPB is important to maintain appropriate 

perfusion pressures in all end organs, particularly the kidneys, the brain and the gastrointestinal 

tract (Brown et al., 2019).  Vasoplegic syndrome during CPB may result from the release of 

proinflammatory cytokines, anaesthetic drugs, active endocarditis and the pre-operative use of 

angiotensin-converting enzyme inhibitors and calcium channel blockers (Wahba et al., 2020).  

Appropriate maintenance of mean arterial pressure (MAP) during CPB prevents deleterious 

effects on the patient’s post-operative outcomes. In contrast, low and non-targeted MAP causes 

a marked increase in mortality, acute kidney injury (Kanji et al., 2010) and neurological 

complications (post-surgical delirium and stroke) (Brown et al., 2019). 
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2.6.2.5. Hyperlactatemia during cardiac surgery 

Hyperlactemia during CPB is associated with increased post-operative outcomes (Matteucci et 

al., 2020). Demers et al. (2000) demonstrated that a blood lactate concentration of 4.0 mmol/L 

or higher during CPB identifies a subgroup of patients with an increased risk of post-operative 

morbidity and mortality. Lactate is often used to predict clinical outcomes, but the question 

remains if it is correctly interpreted in clinical decision-making. Elevated lactate levels during 

CPB is an indication of a troublesome operative course and has a significant sensitivity (78%) 

and specificity (83%) for mortality within 3 days (Kogan et al., 2012).   

 

Hypoperfusion causing increased lactate levels is associated with high post-operative 

morbidity (Ranucci et al., 2006).  Hyperlactatemia may also be due to hemodilution or 

problematic oxygen delivery to various tissues (Ranucci et al., 2015).  Therefore, 

hyperlactatemia is an indicator of circulatory failure or insufficiency (Garcia-Alvarez et al., 

2014).  

 

During CPB, systemic microvascular control may deteriorate, inducing peripheral 

arteriovenous shunting associated with a rise in lactate levels (Trzeciak & Rivers, 2005).  It is 

important to fulfil the metabolic O2 needs of the patient to avoid hyperlactatemia (acidosis 

Type-A) and to keep maximum flow rates to prevent adverse post-operative outcomes (Demers 

et al., 2000).  

 

Critical oxygen delivery is based on the hypothesis that when a patient is perfused below 

maximal flow rates (taking temperature into consideration), the oxygen expenditure becomes 

dependent on the oxygen delivery (Dunn et al., 2016).  Energy production is then, to a certain 

extent, supplied by anaerobic glycolysis.  Thus, when a decrease in peripheral oxygen supply 

occurs during CABG, an increase in lactate production will follow (Ranucci et al., 2006).  

 

2.6.2.6. The mechanisms leading to hyperlactatemia during CABG surgery:  

Several mechanisms are involved in the development of hyperlactatemia during CABG surgery 

and are summarized as: 
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a) Type A lactic acidosis (Cohen-Woods classification) is caused by poor tissue perfusion, 

shock (hypovolaemic, cardiogenic, haemorrhagic, or septic), acute hypoxaemia or CO2 

poisoning (Mizock, 2016). 

b) Increased lactate production may be stimulated irrespective of tissue dysoxia, as a 

response to inflammatory mediators or through other mechanisms and is referred to as 

Type-B lactic acidosis (Chioléro et al., 2000).   

c) Decreased utilisation of lactate by under perfused liver or muscle cells or glucose failing 

to enter the oxidative pathway and being broken down to lactate by the glycolytic 

pathway (Ranucci et al., 2006).  Tissue dysoxia and inflammatory mediators are 

significant stimuli for lactate production.  However, hyperglycemia and increased 

nonoxidative glucose disposal indicate glucose-induced stimulation of tissue glucose 

uptake and glycolysis.  This suggests that hyperglycemia itself is a significant 

contributor to the development of hyperlactatemia (Chioléro et al., 2000).   

 

An intra-operative peak lactate of 4.4 mmol/L predicts post-operative mortality in adult patients 

undergoing cardiac surgery with CPB (Kogan et al., 2012). Hyperlactatemia is associated with 

prolonged ICU and hospital stay (Minton & Sidebotham, 2017). 

 

2.6.3. Post-operative outcomes 

2.6.3.1. Systemic inflammatory response syndrome (SIRS) 

At CPB initiation, blood comes in contact with tubing, a non-physiological surface that induces 

a SIRS response (Roberto et al., 2002).  This response includes a variety of metabolic, 

endocrine, and immune changes known as the “stress response,” which may lead to prolonged 

in-hospital stay (Bulow et al., 2014). The clinical manifestations of this reaction include post-

operative complications such as respiratory complications, sternal wound infections, 

contractile dysfunction, renal impairment, coagulopathy and neurological dysfunction (Bulow 

et al., 2014).   

 

2.6.3.2. Neurological dysfunction 

Pre-operative neurological events are risk factors for postoperative neurologic events and in-

hospital mortality, particularly in patients undergoing CPB surgery. Pre-operative stroke was 

associated with mortality, increased risk of early and late post-operative stroke and prolonged 
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length of hospital stay (Kamal et al., 2017).  With advancements in technology and surgical 

technique, neurological complications (ischemic stroke, delirium and post-operative cognitive 

decline) after cardiovascular surgery remain 1-5% (McDonagh et al., 2018). 

 

2.6.3.3. Sepsis 

Sepsis can lead to a low cardiac output, causing tissue hypotension and hypoperfusion. 

Although sepsis is rare after cardiac surgery, those who develop the condition experience high 

mortality rates (Kaufmann & Kung, 2019). 
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Abstract 

Objectives 

Atherosclerosis is responsible for significant cardiovascular morbidity and mortality. Carotid intima 

medial thickness (CIMT) is a useful non-invasive tool to detect atherosclerosis to diagnose 

cardiovascular disease. The aim of the study was to assess the correlation between pre-operative CIMT 

measurements and intra- and post-operative surgical outcomes in acute coronary syndrome (ACS) 

patients undergoing coronary artery bypass graft (CABG) surgery. 

 

Methods 

This retrospective analytical cohort included 89 patients diagnosed with ACS who received CABG 

surgery. Patients were divided into two cohorts: group 1 (normal CIMT <0.07cm) and Group 2 

(abnormal CIMT ≥0.07cm). B-mode ultrasound was used to measure the CIMT in all patients. Pre-, 

intra- and post-operative data and complications were recorded for each patient. 

 

Results 

The study included 77 (86.5%) males and 12 (13.5%) females. Pre-operative mean body mass index 

(BMI) was significantly higher (p=0.03) in group 2 than in group 1 (29.2 kg/m2 vs 26.6 kg/m2). Patients 

in group 2 had significantly more diabetes (p=0.008), hypertension (p=0.009) and an increased NT pro-

BNP (p=0.02) than patients in group 1. The intra-operative and post-operative outcomes between 

groups were comparable, with no significant differences.  
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Conclusion 

The study showed no correlation between abnormal CIMT and increased adverse intra- and post-

operative patient outcomes. Therefore, based on the results of this study, CIMT should not be 

considered a tool to predict adverse events in patients undergoing CABG surgery. 

 

Keywords: Carotid intima-media thickness; Acute Coronary Syndrome; Outcomes; 

Complications; Coronary artery bypass graft surgery 

 

Introduction  

Global cardiovascular deaths are estimated at 17.9 million annually, representing 31% of all 

deaths (Mc Namara et al., 2019). In sub-Saharan Africa (SSA), non-communicable diseases 

are the second most common cause of death, accounting for 2.6 million deaths or 35% (Yuyun 

et al., 2020). From the year 2000 to 2016, SSA experienced a 37% increase in CHD with a 

projected increase of 21% by 2030 (Abdelatif et al., 2021). The early detection of high-risk 

individuals has significant clinical value. 

 

CIMT measurement has been used as a marker to establish the presence (Geroulakos et al., 

1994), risk (Kitagawa et al., 2007) and extent (Kablak-Ziembicka et al., 2004) of CVD. Several 

studies have validated the application of this imaging technique because it can detect slight 

changes over time associated with future cardiovascular events (Bots et al., 2016; Saxena et 

al., 2017). The 2010 American Heart Association/American College of Cardiology 

(AHA/ACC) guidelines recommended measurements of CIMT as a class IIa (reasonable to 

perform) recommendation for cardiovascular risk assessment in asymptomatic adults with 

intermediate cardiovascular risk (Greenland et al., 2010). The Mannheim Carotid Intima-

Media Thickness and Plaque Consensus update from the advisory board of the “Watching the 

Risk” symposium in 2004 stated that CIMT and the measurement of plaque presence are 

recommended for the initial detection of CVD risk in asymptomatic patients at intermediate 

risk or if risk factors were present. Several authors (Chambless et al., 1997; Van Der Meer et 

al., 2004) investigated the correlation between CIMT and an increased risk for the development 

of coronary artery disease (CAD) and concluded that, with an increase in CIMT, the risk of 

CAD and myocardial infarction (MI) becomes correspondingly higher.  
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Cardiac surgery with cardiopulmonary bypass (CPB) causes a systemic inflammatory response 

syndrome (SIRS), of which 2-6% of cases are associated with severe morbidity and death 

(Bulow et al., 2014). Lactate production is a well-established indicator of tissue perfusion and 

regional brain oxygen saturation (rSO2) (Koch et al., 2015) during CPB (Matteucci et al., 2020). 

Atherosclerosis adversely affects endothelium and is associated with an abnormal 

inflammatory response (Ross, 1999; Kaperonis et al., 2006; Libby, 2012). Since the mechanism 

of SIRS is linked to the endothelial response during CPB circulation, changes in endothelial 

function and tissue oxygenation are negatively affected by SIRS (Brezzo et al., 2020).  CIMT 

is a valuable marker to predict the severity of coronary artery atherosclerosis; it may be 

postulated that CIMT can be used to predict surgical outcomes. Limited data is available on 

CIMT and its correlation to operative outcomes in CABG patients (Aboyans et al., 2005; Ham 

et al., 2018), with no data being available for the central South African population.  

 

The aim of this study was to investigate whether pre-operative CIMT measurements in ACS 

patients undergoing elective CABG surgery affect intra- and post-operative surgical outcomes. 

 

Methods  

Study design 

This retrospective analytical cohort included ACS patients that received elective CABG 

surgery as the mode of treatment between 2008-2014. During this period, 200 patients received 

CIMT evaluations, of whom 89 patients met the inclusion criteria and had complete data sets. 

 

Study setting 

The study was performed at the Cardiothoracic Surgery Department at Universitas Academic 

Hospital, Bloemfontein, the only public tertiary referral hospital in the central South African 

region, mainly servicing patients from the Free State, Northern Cape and Lesotho. 

 

Ethics 

Ethical clearance was obtained from the Health Science Research Ethics Committee (HSREC) 

of the University of the Free State (UFS-HSD 2020/1708/2601) and the Free State Department 

of Health. This study was a sub-study of a prospective investigation conducted on all ACS 

patients (ETVOS NR 51/07). 
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Patient population 

Eighty-nine patients were included in the study and divided into two cohorts as per gender-

specific CIMT reference ranges. Group 1 included patients with normal CIMT values and 

Group 2 patients with abnormal CIMT values  

 

Patient demographics, clinical history, pre-operative risk factors, EuroSCORE II, CPB, near-

infrared spectroscopy (NIRS) and post-operative outcomes and complications were recorded 

from the patient’s medical records and the departmental database.  

 

Laboratory sampling  

Pre-operative results for cholesterol, creatine, total creatine kinase, glucose, insulin, N-

terminal-pro-b-type natriuretic peptide (NT-proBNP) and creatinine kinase-MB (CK-MB) 

isoform were captured.  Blood analysis was performed by the National Health Laboratory 

Service (NHLS) according to the laboratory standard operating procedures (SOPs), applying 

local laboratory reference ranges for each parameter. 

 

Definitions 

BMI was calculated using Du Bois formula (Du Bois & Du Bois, 1989) and categorized as 

underweight (>18.5 kg/m2), normal or healthy weight (18.5–24.9 kg/m2), overweight (25.0–

29.9 kg/m2) and obese (>30 kg/m2) (Nuttall, 2015). 

 

Hypertension was defined as isolated systolic hypertension (>140/90 mmHg) according to the 

definitions of Mancia et al. (2007). Patients with “normal 120–129/ 80-89 mmHg” and/or “high 

normal 130–139/ 85/89 mmHg” blood pressures were classified as not having hypertension. 

 

Carotid intima-media thickness (CIMT) measurements 

The CIMT measurements were performed pre-operatively one day prior to surgery. Patient 

positioning and the examination procedure were done according to standardized methods 

published in the Mannheim CIMT and plaque consensus (Touboul et al., 2013). Standard 

equipment included a high-resolution B-mode system operating in black and white mode, with 

linear ultrasound transducers at frequencies >7 MHz. A Phillips EnVisor sonar machine and 

Phased/Sector Array 2-8 MHz L12-3 sonar probe were used to obtain the CIMT images. Three 
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CIMT measurements were recorded and averaged.  For our study normal CIMT cutoff were 

set at  <0.07cm (males), <0.065cm (females) for normal CIMT and ≥0.07cm (males), ≥0.065cm 

(females) for abnormal CIMT.  Since there are no consistent reference guidelines for CIMT 

cut-off in the literature, groups were divided based on the primary cut-off values per gender, 

as Youn et al. (2011) recommended.  

 

Due to the literature's lack of standard reference guidelines, a second limited sub-analysis was 

done using a cut-off CIMT value of ≥0.09cm as abnormal, irrespective of gender or age 

(Hennerici & Neuerburg-Heusler, 1998). However, only the intra- and post-operative outcomes 

and complications were compared between groups.  

 

Lactate measurements 

Lactate levels were analyzed at specified time intervals: (i) after the insertion of an intra-arterial 

catheter (T1-baseline), (ii) after intubation (T2), and (iii) at approximately 15-minute intervals 

for the duration of surgery (T3, T4 etc.).  Post-operatively, lactate values were recorded at 

1hour (hr), 2hr, 4hr, 8hr, 12hr, 24hr, 48hr and 72hr after the patient was admitted to the 

intensive care unit (ICU).  Only peak lactate values were used for intra- and post-operative 

analysis. This study defines peak lactate as lactate >4 mmol/dL during and after surgery. 

 

Near-infrared spectroscopy (NIRS) measurements 

Two NIRS electrodes were placed on the patient’s forehead before the patient was induced, 

and baseline values were set.  Results were interpreted as either satisfactory (NIRS values > 

50% or < 20% drop from baseline) or as compromised cerebral blood flow (NIRS values ≤ 

50% or > 20% drop from baseline).  It should be noted that not all patients received NIRS 

measurements because not all theatres were equipped with a NIRS monitor.  Only 32 of the 89 

patients had recorded NIRS measurements. 

 

Echocardiogram (Left ventricular ejection fraction) 

Standard transthoracic echocardiograms (TTE) were performed on all patients in line with the 

British Society of Echocardiography protocol for comprehensive adult TTE studies (Wharton 

et al., 2015) A Phillips EnVisor echocardiography machine was used and the patients’ left 
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ventricular ejection fraction (LVEF) was calculated peri-operatively. The American Society of 

Echocardiography (ASE) define LVEF as the percentage of blood ejected during a left 

ventricular contraction of the heart using quantitative measures.  LVEF was calculated using 

the formula: LVEF=([EDV-ESV]/EDV) × 100. The cut-off value for normal LVEF for our 

study was determined at >55%. 

 

Statistical Analysis 

Statistical analyses were done using R Software version 3.2.2 (2015/08/14).  T-tests and the 

calculation of confidence intervals were done with XLSTAT version 2016.03.30846.  Data 

were compared using Student’s t-test for normally distributed continuous variables, the Mann-

Whitney test for continuous data that were not normally distributed and the 2 or Fisher’s exact 

2 test (where cell counts were less than 5) for categorical variables.  Statistical significance 

was noted if the p-value was less than 0.05. 
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Results 

Pre-operative data 

Anthropometrics and demographics  

Eighty-nine ACS patients received CIMT measurements prior to elective CABG surgery. 

Twenty-eight patients (31%) presented with a normal CIMT and 61 patients (69%) with an 

abnormal CIMT.  Seventy-seven (86.5%) were male and 12 (13.5%) were female patients.  The 

mean age of the groups was comparable; both groups presented with a preponderance of 

Caucasian males (80%).  The mean BMI was significantly higher in group 2 compared to group 

1 (29.2 kg/m2 vs 26.6 kg/m2) (p<0.05). The demographic and anthropometric data are 

summarized in Table I. 

 

Table I Demographic and anthropometric data of normal and abnormal CIMT 

groups 

Variable (unit) Statistic 

Group 1 

Normal CIMT 

(n=28, 31%) 

Group 2 

Abnormal CIMT 

(n=61, 69%) 

p-value 

Age (years) Mean ± SD 58.9 ± 8.88 59.6 ± 9.15 0.72 

Gender: 

Male 

Female 

 

n (%) 

n (%) 

 

23 (82.1%) 

5 (17.9%) 

 

54 (88.5%) 

7 (11.5%) 

 

Ethnicity: 

Caucasian (n=69) 

Mixed Race (n=9) 

Black African (n=9) 

Asian (n=2) 

 

n (%) 

n (%) 

n (%) 

n (%) 

 

22 (78.57%) 

2 (7.14%) 

4 (14.29%) 

0 

 

47 (77.05%) 

7 (11.48%) 

5 (8.20%) 

2 (3.28%) 

 

>0.99 

0.71 

0.45 

- 

BMI (kg/m2): 

Overweight 

Obese 

Severely obese 

Mean ± SD 

n (%) 

n (%) 

n (%) 

26.6 ± 4.88 

12 (42.9%) 

13 (46.4%) 

0 

29.2 ± 5.85 

19 (31.2%) 

16 (26.2%) 

4 (6.6%) 

0.03* 

 

 

 

[Normal CIMT males <0.07cm; Abnormal CIMT males 0.07cm; Normal CIMT females <0.065cm; Abnormal CIMT females 0.065cm] 

(CIMT, corotid intima-media thickness; SD, standard deviation) (*statistically significant p-value <0.05) 

 

 

Clinical data 

Significantly more patients in group 2 with an abnormal CIMT presented with hypertension 

(p=0.009), diabetes (p=0.008), and an increased NT pro-BNP (p=0.017). Cholesterol (LDL) 

could not be analysed due to incomplete data sets. All other clinical parameters were 

comparable between groups (p>0.05).  The pre-operative CK-MB isoform, total cholesterol 

and NT pro-BNP values exceeded the upper reference limit in group 2 (Table II). The mean 
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EuroSCORE II  of both groups was high, but patients were evenly distributed in the three 

severity classifications with no differences between groups.  

 

Table II Pre-operative clinical data of normal and abnormal CIMT groups 

Variable (unit) Statistic 

Group 1 

Normal CIMT 

(n=28, 31%) 

Group 2 

Abnormal CIMT 

(n=61, 69%) 

p-value 

CIMT (mm) Mean ± SD 0.1 ± 0.01 0.1 ± 0.03 <0.0001* 

Hypertension n (%) 16 (57.14%) 52 (85.25%) 0.009* 

Diabetes n (%) 2 (7.14%) 21 (34.43%) 0.008* 

Cholesterol (LDL) > 3mmol 
n (%) 

Mean ± SD 

24 (85.71%) 

4.4 ± 0.07) 

28 (45.90%) 

4.09 ± 0.94 

No 

analysis, 

incomplete 

data sets 

Statins use n(%) 22 (78.57%) 44 (67.21%) - 

Hypercholesterolaemia n (%) 14 (50.0%) 24 (39.34%) 0.57 

NT pro-BNP [ng/L]  Mean ± SD 562.9 ± 591.2 1344.4 ± 1646.7 0.017* 

Current / Ex-smoker n (%) 12 (42.86%) 31 (50.82%) 0.64 

CK-MB isoform [ng/mL] Mean ± SD 32.8 ± 96.39 20.8 ± 49.28 0.58 

Glucose [mmol/L] Mean ± SD 6.05 ± 2.053 6.37 ± 2.70 0.58 

Insulin [mU/L] Mean ± SD 24.8 ± 39.49 28.06 ± 30.71 0.74 

LVEF Mean ± SD 54.4 ± 14.39 52.2 ± 15.07 0.52 

EuroSCORE II 

0-2 Low risk 

3-5 Medium risk 

>5 High risk 

n(%) 

n(%) 

n(%) 

Mean ± SD 

6 (21.4%) 

11 (39.3%) 

7 (25.0%) 

6.18 ± 9.60 

16 (26.2%) 

20 (32.8%) 

20 (32.8%) 

7.53 ± 13.85 

- 

- 

- 

0.61 

     

[Normal CIMT males <0.70mm; Abnormal CIMT males 0.07cm; Normal CIMT females <0.065cm; Abnormal CIMT females 0.065cm] 

(CIMT, corotid intima-media thickness; SD, standard deviation; LVEF, left ventricular ejection fraction) (*statistically significant p-value 

<0.05) 

 

 

Intra-operative data 

The intra-operative clinical variables were similar between groups and no significant 

differences were detected (Table III). 
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Table III Intra-operative clinical data of normal and abnormal CIMT groups 

Variable (unit) Statistic 

Group 1 

Normal CIMT 

(n=28, 31%) 

Group 2 

Abnormal CIMT 

(n=61, 69%) 

p-value 

Peak lactate (mmol/dL) Mean ± SD 4.7 ± 1.6 4.02 ± 1.8 0.085 

Cumulative bypass time (min) Mean ± SD 112 ± 22.7 111.4 ± 31.5 0.92 

Cumulative cross-clamp time (min) Mean ± SD 60.5 ± 14.3 59.3 ± 18.5 0.75 

Total number of grafts 3 n (%) 21 (75.00%) 43 (70.5%) 0.85 

Intra-Aortic Balloon pump  n (%) 15 (53.6%) 21 (34.4%) 0.14 

NIRS >50%; drop of <20%  n (%) 3 (10.7%) 17 (27.9%) 
0.13 

NIRS <50%; drop of >20%  n (%) 13 (46.5%) 24 (39.3%) 

Phenylephrine bolus at 100ug/ml during bypass 
n (%) 

Mean ± SD 

23 (82.1%) 

15.07 ± 22.04 

49 (80.3%) 

20.7 ± 17.8 

>0.99 

0.30 

Adrenaline during anaesthesia at more than 20µg/kg/min 
n (%) 

Mean ± SD 

6 (21.4%) 

0.07 ± 0.04 

9 (14.8%) 

0.3 ± 0.4 

0.63 

0.16 

Adrenaline bolus during bypass 1:1000000 mg/ml 
n (%) 

Mean ± SD 

4 (14.3%) 

3 ± 1.8 

17 (27.9%) 

7 ± 9.4 

0.20 

0.13 

Effortil bolus during bypass (mg) n (%) 

Mean ± SD 

2 (7.1%) 

14.5 ± 7.8 

5 (8.2%) 

11.6 ± 5.4 

>0.99 

0.69 

[Normal CIMT males <0.07cm; Abnormal CIMT males 0.07cm; Normal CIMT females <0.065cm; Abnormal CIMT females 0.065cm] 

(CIMT, corotid intima-media thickness; SD, standard deviation) (*statistically significant p-value <0.05) 

 

 

Post-operative outcomes and complications 

The post-operative outcomes between groups were similar with no significant differences 

(Table IV).  Most patients in both groups had an ICU stay of less than 3-days, with only 21.43% 

in group 1 and 14.75% in group 2 exceeding a 3-day ICU stay.  The mortality rate was low, 

with only 1 (2%) fatality in the abnormal IMT group due to sepsis. 

 

Table IV Post-operative outcomes of normal and abnormal CIMT groups 

Variable (unit) Statistic 

Group 1 

Normal CIMT 

(n=28, 31%) 

Group 2 

Abnormal CIMT 

(n=61, 69%) 

p-value 

Peak lactate (>4 mmol/dL) Mean ± SD 5.3 ± 3.4 5.8 ±3.2 0.52 

Length of stay in ICU >3 days 
Mean ± SD 

n (%) 

3.1 ± 0.7 

6 (21.4%) 

3.13 ± 2.2 

9 (14.8%) 

0.63 

Length of stay in ICU >3 days Mean ± SD 2.94 ± 0.1 3.54 ± 0.6 0.33 

Mortality n (%) 0 (0%) 1 (2%) - 

[Normal CIMT males <0.07cmm; Abnormal CIMT males 0.07cm; Normal CIMT females <0.065cm; Abnormal CIMT females 0.065cm] 

(CIMT, corotid intima-media thickness; SD, standard deviation) (*statistically significant p-value <0.05) 
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Post-operative complications in both groups were limited.  Patients with an abnormal CIMT 

tended to have more post-operative complications than those with a normal CIMT (34.4% vs 

21.4%) (Figure 1).  The prevalence of post-operative complications was too low to analyze 

statistically. 

 

 

Figure 1 Post-operative complications of normal and abnormal CIMT groups 

 

 

Sub-analysis at 0.09cm CIMT cut-off 

When a higher CIMT cut-off value was used as an abnormal indicator for CIMT (0.09cm), the 

pre-operative, intra-operative, and post-operative limited sub-analysis demonstrated similar 

results between groups with no statistically significant differences (Table V). Post-operative 

complications did not show any differences.  
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Table V Pre-, intra- and post-operative outcomes compared to normal (<0.09cm) 

and abnormal (≥0.09cm) CIMT values regardless of gender 

Variable (unit) Statistic 

Group 1 

Normal CIMT <0.09cm 

(n=61, 68.5%) 

Group 2 

Abnormal CIMT ≥0.09cm 

(n=28, 31.5%) 

p-value 

Pre-operative 

clinical data: 

    

NT pro-BNP [ng/L]  Mean ± SD 936.1 ± 165.7 1391 ± 650.5 0.51 

LVEF  Mean ± SD 53.6 ± 1.7 52.1 ± 3.3 0.69 

CK-MB isoform 

[ng/mL]  

Mean ± SD 21.8 ± 10.3 36.10 ± 27.9 0.62 

Intra-operative 

clinical data:  

    

Peak lactate 

(mmol/dL) ] 

Mean ± SD 4.3 ± 0.2 3.9 ± 0.4 0.29 

Cumulative bypass 

time (minutes)  

Mean ± SD 112.9 ± 3.8 109.6 ± 6.6 0.66 

Post-operative 

outcomes: 

    

Peak lactate (>4 

mmol/dL)  

Mean ± SD 5.8 ± 0.4 5.69 ± 0.70 0.93 

 

 

Discussion 

This study aimed to assess the impact of an abnormal CIMT on intra- and post-operative 

variables in ACS patients receiving CABG surgery. It was hypothesized that patients with 

pronounced/thickened CIMTs would present with worse intra- and post-operative measurable 

abnormalities, outcomes and complications.  The study results showed that patients with 

abnormal CIMTs had more pre-operative risk factors than patients with normal CIMTs.  

However, no significant differences were observed between intra- and post-operative variables 

comparing normal and abnormal CIMT groups, even at a higher abnormal CIMT cut-off value 

of ≥0.09cm.   

 

The anthropometric analysis showed that patients with an abnormal CIMT had a significantly 

higher BMI and were significantly more overweight than patients with a normal CIMT.  This 

finding is in agreement with studies conducted by Rashid & Mahmud (2015) and El Jalbout et 

al. (2018), who reported an increased CIMT in adolescents with an increased BMI. 
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Pre-operative risk factors 

In this cohort, 69% of ACS patients who required CPB surgery due to severe coronary artery 

disease had an abnormal CIMT.  This finding concurs with several other studies that concluded 

that CIMT is elevated with advanced CAD (Kablak-Ziembicka et al., 2004; Zhang et al., 2014).  

In our study, patients with an abnormal CIMT, risk factors such as hypertension, diabetes and 

NT pro-BNP were significantly more frequent than in those with a normal CIMT. Diabetes 

directly impacts CIMT due to vascular endothelial dysfunction (Baba et al., 2018).  The authors 

reported that patients presenting with diabetes have higher CIMT values than healthy controls 

and that the prevalence of increased CIMT is very high (82.8%) in the Nigerian population.  In 

our study, 34% of patients with diabetes had abnormal CIMTs, significantly more than patients 

with normal CIMTs.   

 

Hypertension is multifactorial in cause, including but not limited to high sodium intake, 

cigarette smoking, unhealthy diet, low potassium intake, lack of physical activity (Mills et al., 

2016) and familial history of hypertension (Li et al., 2021).  Evidence suggests that 

hypertension is strongly associated with increased CIMT thickening (Zhang et al., 2019).  The 

carotid artery has a relatively small media compared with muscular arteries. Thus an increased 

CIMT is thought to primarily represent intimal rather than medial thickening supporting 

atherosclerotic-related cardiovascular events rather than hypertrophy of the medal later of the 

carotid artery (Magnussen, 2017). Our results (Table II) show that an association between 

hypertension and an increased CIMT exists with significantly more patients presenting with 

hypertension in the abnormal CIMT group (85.25%) compared to the normal CIMT group 

(57.14%).  Similar observations were reported by Rashid & Mahmud (2015), Chen et al. (2015) 

and Magnussen (2017). 

 

The MONICA Risk, Genetics, Archiving, and Monograph (MORGAM) biomarker project 

demonstrated that adding NT-proBNP to a conventional risk model can improve a 10-year risk 

estimation for cardiovascular events (Blankenberg et al., 2010).  This study showed that NT-

pro BNP was significantly higher pre-operatively in patients with an abnormal CIMT.  A 

response to left ventricular strain or ischaemia causes a release of NT-proBNP, which has been 

found to be an important biomarker for left ventricular systolic dysfunction and left ventricular 

stress in the general population (Mirjafari et al., 2014).  
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Intra-operative risk factors 

There was no correlation between CIMT and intra-operative factors, even when a higher 

abnormal CIMT cut-off value was used.  A possible reason is that the study population was too 

small and that subtle differences may not have been detected.  Interestingly, no difference in 

lactate values was found between groups. Insufficient oxygen delivery and hypoperfusion 

during CPB contribute to hyperlactatemia (Ranucci et al., 2006). CIMT is a marker of 

subclinical atherosclerosis and endothelial dysfunction (Yang et al., 2020), which is a factor 

that would increase lactate production intra-operatively due to the systemic inflammatory 

response caused by CPB (Laffey et al., 2002).  An increase in lactate is associated with poor 

outcomes and increased mortality in cardiac surgery patients (Minton & Sidebotham, 2017).  

 

Post-operative complications 

The post-operative complications were comparable between groups with no statistically 

significant differences.  Our study's overall post-operative complication rate is low but 

corresponds with the overall rate of complications reported after CABG surgery (1-3%) (Safaie 

et al., 2015).  Considering the low number of complications reported in our study, patients with 

an abnormal CIMT tended to have more post-operative complications than those with a normal 

CIMT. 

 

Abnormal CIMT ≥0.09 cm 

Data on the accepted normative values are unavailable because there is no widely accepted cut-

off value for what constitutes an adverse/abnormal CIMT value. Many variables affect the 

thickening of the carotid intima in different populations, whether it be age, ethnicity, or diet 

(Magnussen, 2017).  Even when using a higher abnormal CIMT cut-off value of 0.09 cm, there 

was no relation between higher CIMT values and increased post-operative outcomes and 

complications.  Our results agree with Aboyans et al., (2005), who also found little value in 

pre-operative CIMT.  In contrast, some value was reported in off-pump CABG where increased 

CIMT (0.9mm) was associated with increased 30-day morbidity (Ham et al., 2018).  However, 

based on our results, CIMT should not be considered a predictor for surgical outcomes in ACS 

patients undergoing CABG surgery using CPB. Before a criteria for abnormal CIMT can be 
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set, there is a need for measurement consensus and population reference values. There are 

currently no set CIMT population values for SA.   

Limitations 

The study is limited by its retrospective design.  The sample size was small; for this reason, 

only assumptions can be made.  A larger patient population may reveal more definite answers 

on whether increased CIMT values can predict surgical outcomes. 

 

Conclusion 

Our study demonstrated an association between abnormal CIMT and pre-operative risk factors 

such as BMI, diabetes, hypertension and NT-Pro BNP.  However, there was no correlation 

between abnormal CIMT and an increased rate of adverse intra- and post-operative patient 

outcomes.  Therefore, it seems that CIMT should not be used to predict adverse events in 

patients undergoing CABG surgery.  Further studies that include larger patient numbers are 

needed to confirm our observations. 

 

References 

 

Aboyans, V., Lacroix, P., Yildiz, C., Postil, A. & Laskar, M. 2005. Common carotid intima-

media thickness measurement is not a pertinent predictor for secondary cardiovascular 

events after coronary bypass surgery . A prospective study. European Journal of Cardio-

thoracic Surgery, 28(3): 415–419. 

Baba, M.M., Abdullahi Talle, M., Ibinaiye, P.O., Abdul, H. & Buba, F. 2018. Carotid Intima-

Media Thickness in Patients with Diabetes Mellitus Attending Tertiary Care Hospital in 

Nigeria. Angiology: Open Access, 6(2): 1-5.  

Blankenberg, S., Zeller, T., Saarela, O., Havulinna, A.S., Kee, F., Tunstall-Pedoe, H., 

Kuulasmaa, K., Yarnell, J., Schnabel, R.B., Wild, P.S., Münzel, T.F., Lackner, K.J., Tiret, 

L., Evans, A. & Salomaa, V. 2010. Contribution of 30 biomarkers to 10-year 

cardiovascular risk estimation in 2 population cohorts: The MONICA, risk, genetics, 

archiving, and monograph (MORGAM) biomarker project. Circulation, 121(22): 2388–

2397. 

Du Bois, D. & Du Bois, E.F. 1989. A formula to estimate the approximate surface area if height 

© Central University of Technology, Free State



Page 55 of 84 

   

and weight be known. 1916. Nutrition, 5(5): 303-313. 

Bots, M.L., Evans, G.W., Tegeler, C.H. & Meijer, R. 2016. Carotid Intima ‑ media Thickness 

Measurements : Relations with Atherosclerosis , Risk of Cardiovascular Disease and 

Application in Randomized Controlled Trials. Chinese Medical Journal, 129(2): 215–

226. 

Brezzo, G., Simpson, J., Ameen-ali, K.E., Berwick, J. & Martin, C. 2020. Brain , Behavior , & 

Immunity - Health Acute effects of systemic in fl ammation upon the neuro-glial-vascular 

unit and cerebrovascular function. Brain, Behavior, & Immunity - Health, 5: 1–12. 

Bulow, N.M.H., Colpo, E., Duarte, M.F., Correa, E.F.M., Schlosser, R.S., Lauda, A., Kade, I.J. 

& Rocha, J.B.T. 2014. Inflammatory Response in Patients under Coronary Artery Bypass 

Grafting Surgery and Clinical Implications: A Review of the Relevance of 

Dexmedetomidine Use. International Scholarly Research Network Anesthesiology, 

2014(3): 1–28. 

Chambless, L.E., Heiss, G., Folsom, A.R., Rosamond, W., Szklo, M., Sharrett, A.R. & Clegg, 

L.X. 1997. Association of coronary heart disease incidence with carotid arterial wall 

thickness and major risk factors: The Atherosclerosis Risk in Communities (ARIC) study, 

1987-1993. American Journal of Epidemiology, 146(6): 483–494. 

Chen, Y., Xiong, H., Wu, D., Pirbhulal, S., Tian, X., Zhang, R., Lu, M., Wu, W. & Huang, W. 

2015. Relationship of short-term blood pressure variability with carotid intima-media 

thickness in hypertensive patients. BioMedical Engineering Online, 14(1): 1–15. 

Geroulakos, G., O’Gorman, D.J., Kalodiki, E., Sheridan, D.J. & Nicolaides, A.N. 1994. The 

carotid intima-media thickness as a marker of the presence of severe symptomatic 

coronary artery disease. European Heart Journal, 15(6): 781–785. 

Greenland, P., Alpert, J.S., Beller, G.A., Benjamin, E.J., Budoff, M.J., Fayad, Z.A., Foster, E., 

Hlatky, M.A., Hodgson, J.M.B., Kushner, F.G., Lauer, M.S., Shaw, L.J., Smith, S.C., 

Taylor, A.J., Weintraub, W.S. & Wenger, N.K. 2010. 2010 ACCF/AHA guideline for 

assessment of cardiovascular risk in asymptomatic adults. Journal of the American 

College of Cardiology, 56(25): 50–103. 

Ham, S., Song, J., Shim, J., Soh, S. & Kim, H. 2018. Prognostic role of carotid intima- media 

© Central University of Technology, Free State



Page 56 of 84 

   

thickness in off-pump coronary artery bypass surgery. Scientific Reports, 8(1): 1–8. 

Hennerici, M.G. & Neuerburg-Heusler, D. 1998. Vascular diagnosis with ultrasound : 

clinical reference with case studies / Michael Hennerici, Doris Neuerburg-Heusler. 

Stuttgart : New York: Thieme. 

El Jalbout, R., Cloutier, G., Cardinal, M.H.R., Henderson, M., Lapierre, C., Soulez, G. & 

Dubois, J. 2018. Correction to: Carotid artery intima-media thickness measurement in 

children with normal and increased body mass index: a comparison of three techniques. 

Pediatric Radiology, 48(8): 1080. 

Kablak-Ziembicka, A., Tracz, W., Przewlocki, T., Pieniazek, P., Sokolowski, A. & 

Konieczynska, M. 2004. Association of increased carotid intima-media thickness with the 

extent of coronary artery disease. Heart, 90(11): 1286–1290. 

Kaperonis, E.A., Liapis, C.D., Kakisis, J.D., Dimitroulis, D. & Papavassiliou, V.G. 2006. 

Inflammation and atherosclerosis. European Journal of Vascular and Endovascular 

Surgery, 31(4): 386–393. 

Kitagawa, K., Hougaku, H., Yamagami, H., Hashimoto, H., Itoh, T., Shimizu, Y., Takahashi, 

D., Murata, S., Seike, Y., Kondo, K., Hoshi, T., Furukado, S., Abe, Y., Yagita, Y., 

Sakaguchi, M., Tagaya, M., Etani, H., Fukunaga, R., Nagai, Y., Matsumoto, M. & Hori, 

M. 2007. Carotid intima-media thickness and risk of cardiovascular events in high-risk 

patients. Results of the Osaka Follow-Up Study for Carotid Atherosclerosis 2 (OSACA2 

Study). Cerebrovascular Diseases, 24(1): 35–42. 

Koch, C., Ro, R., Uhle, F., Schneck, E., Andreas, M., Weigand, M.A. & Lichtenstern, C. 2015. 

Prospective evaluation of regional oxygen saturation to estimate central venous saturation 

in sepsis. Journal of clinical monitoring and computing, 29: 443–453. 

Laffey, J.G., Boylan, J.F. & Cheng, D.C.H. 2002. The systemic inflammatory response to 

cardiac surgery. Anesthesiology, 97(1): 215–252. 

Li, A. le, Peng, Q., Shao, Y. qin, Fang, X. & Zhang, Y. ying. 2021. The interaction on 

hypertension between family history and diabetes and other risk factors. Scientific 

Reports, 11(1): 1–7. 

© Central University of Technology, Free State



Page 57 of 84 

   

Libby, P. 2012. Inflammation in atherosclerosis. Arteriosclerosis, Thrombosis, and Vascular 

Biology, 32(9): 2045–2051. 

Magnussen, C.G. 2017. Carotid artery intima-media thickness and hypertensive heart disease: 

a short review. Clinical Hypertension, 23(1): 1–4. 

Mancia, G., Backer, G. De, Uk, A.D., Cifkova, R., Republic, C., Heagerty, A.M., France, S.L., 

Poland, K.N., Poland, A.R., Germany, R.E.S., Struijker, H.A.J., France, V.D., Germany, 

U.S., Germany, S.S., Poland, M.T., Widimsky, P., Republic, C., Cifkova, R., Republic, 

C., Dominiczak, A., Kingdom, U., Fagard, R., Germany, R.E.S. & Uk, B.W. 2007. 2007 

Guidelines for the management of arterial hypertension The Task Force for the 

Management of Arterial Hypertension of the European Society of Hypertension (ESH) 

and of the European Society of Cardiology (ESC). European Heart Journal, 28(12): 

1462–1536. 

Matteucci, M., Ferrarese, S., Cantore, C., Cappabianca, G., Massimi, G., Mantovani, V., Rossi, 

M.B. & Beghi, C. 2020. Hyperlactatemia during cardiopulmonary bypass: risk factors and 

impact on surgical results with a focus on the long-term outcome. Perfusion (United 

Kingdom), 35(8): 756–762. 

Mc Namara, K., Alzubaidi, H. & Jackson, J.K. 2019. Cardiovascular disease as a leading cause 

of death: how are pharmacists getting involved? Integrated Pharmacy Research and 

Practice, 8: 1–11. 

Van Der Meer, I.M., Bots, M.L., Hofman, A., Del Sol, A.I., Van Der Kuip, D.A.M. & 

Witteman, J.C.M. 2004. Predictive Value of Noninvasive Measures of Atherosclerosis for 

Incident Myocardial Infarction: The Rotterdam Study. Circulation, 109(9): 1089–1094. 

Mills, K.T., Stefanescu, A. & He, J. 2016. The global epidemiology of hypertension Katherine. 

Physiology & behavior, 176(1): 139–148. 

Minton, J. & Sidebotham, D.A. 2017. Hyperlactatemia and cardiac surgery. Journal of Extra-

Corporeal Technology, 49(1): 7–15. 

Mirjafari, H., Welsh, P., Verstappen, S.M.M., Wilson, P., Marshall, T., Edlin, H., Bunn, D., 

Chipping, J., Lunt, M., Symmons, D.P.M., Sattar, N. & Bruce, I.N. 2014. N-terminal pro-

brain-type natriuretic peptide (NT-pro-BNP) and mortality risk in early inflammatory 

© Central University of Technology, Free State



Page 58 of 84 

   

polyarthritis: Results from the Norfolk Arthritis Registry (NOAR). Annals of the 

Rheumatic Diseases, 73(4): 684–690. 

Nuttall, F.Q. 2015. Body Mass Index. Nutrition Today, 50(3): 117–128. 

Ranucci, M., Isgrò, G., Ranucci, M., Toffol, B. De, Isgrò, G., Romitti, F. & Conti, D. 2006. 

Hyperlactatemia during cardiopulmonary bypass : Determinants and impact on 

postoperative outcome Hyperlactatemia during cardiopulmonary bypass : determinants 

and impact on postoperative outcome. Critical Care, 10(6): 1-9. 

Rashid, S.A. & Mahmud, S.A. 2015. Correlation between carotid artery Intima-media 

thickness and luminal diameter with body mass index and other cardiovascular risk factors 

in adults. Sultan Qaboos University Medical Journal, 15(3): e344–e350. 

Ross, R. 1999. Atherosclerosis--an inflammatory disease. The New England journal of 

medicine, 340(2): 115–126. 

Safaie, N., Montazerghaem, H., Jodati, A. & Maghamipour, N. 2015. In-Hospital 

Complications of Coronary Artery Bypass Graft Surgery in Patients Older Than 70 Years. 

Journal of Cardiovascular Thoracic Research, 7(2): 60–62. 

Saxena, Y., Saxena, V., Mittal, M., Srivastava, M. & Raghuvanshi, S. 2017. Age-wise 

association of carotid intima media thickness in ischemic stroke. Annals of Neurosciences, 

24(1): 5–11. 

Touboul, P., Hannerici, M., Meairs, S. & Adams, H. 2013. Mannheim Carotid Intima-Media 

Thickness and Plaque Consensus (2004–2006–2011): An Update on Behalf of the 

Advisory Board of the 3rd and 4th Watching the Risk Symposium 13th and 15th European 

Stroke Conferences, Mannheim, Germany, 2004, and Brussels, Belgi. Cerebrovascular 

Disease Disease, 34(4): 290–296. 

Wharton, G., Steeds, R., Allen, J., Phillips, H., Jones, R., Kanagala, P., Lloyd, G., Masani, N., 

Mathew, T., Oxborough, D., Rana, B., Sandoval, J. & Wheeler, R. 2015. A minimum 

dataset for a standard adult transthoracic echocardiogram : a guideline protocol from the 

British Society of Echocardiography. Echo Research and Practice, 2(1): G9–G24. 

Yang, C.W., Guo, Y.C., Li, C.I., Liu, C.S., Lin, C.H., Liu, C.H., Wang, M.C., Yang, S.Y., Li, 

© Central University of Technology, Free State



Page 59 of 84 

   

T.C. & Lin, C.C. 2020. Subclinical atherosclerosis markers of carotid intima-media 

thickness, carotid plaques, carotid stenosis, and mortality in community-dwelling adults. 

International Journal of Environmental Research and Public Health, 17(13): 1–14. 

Yuyun, M.F., Sliwa, K., Kengne, A.P., Olga, A. & Bukhman, G. 2020. Cardiovascular Diseases 

in Sub-Saharan Africa Compared to High-Income Countries : An Epidemiological 

Perspective. Global Heart, 15(1): 1–18. 

Zhang, L., Fan, F., Qi, L., Jia, J., Yang, Y., Li, J. & Zhang, Y. 2019. The association between 

carotid intima- media thickness and new-onset hypertension in a Chinese community- 

based population. BMC Cardiovascular Disorders, 19(269): 1–6. 

Zhang, Y., Guallar, E., Qiao, Y. & Wasserman, B.A. 2014. Is carotid intima-media thickness 

as predictive as other noninvasive techniques for the detection of coronary artery disease? 

Arteriosclerosis, Thrombosis, and Vascular Biology, 34(7): 1341–1345. 

 

 

 

  

© Central University of Technology, Free State



Page 60 of 84 

   

 

Chapter 4 – GENERAL CONCLUSION 

 

 

This is the first study in central SA describing the profile of patients with CAD based on CIMT 

measurements. This study aimed to assess the impact of an abnormal CIMT on intra- and post-

operative outcomes in ACS patients receiving CABG surgery. It was hypothesized that patients 

with pronounced/thickened CIMTs would present with worse intra- and post-operative 

measurable outcomes and complications. Although the study demonstrated no association 

between abnormal CIMT and increased intra- and post-operative outcomes, it did indicate that 

an abnormal CIMT is associated with certain pre-operative risk factors.  

 

Currently, the early detection of atherosclerosis is receiving increased attention as an important 

topic in medicine.  Change in CIMT over time can be readily assessed, and clinical trials 

showed that the rate of change is modifiable with treatment..  A preventive approach that is 

driven by measurement of CIMT may result in a decreased rate of cardiovascular events at a 

reasonable cost. 

 

The clinical significance of using CIMT to predict future cardiovascular risk is well described 

in large epidemiological studies. This study is pivotal in discussing CIMTs clinical utility in 

the primary prevention of CHD in the population investigated. CIMT using carotid 

ultrasonography is a non-invasive method used during medical examinations to evaluate 

carotid plaque formation to help prevent increased risk of future CVD.  

 

This study demonstrated an association between abnormal CIMT and pre-operative risk factors 

such as diabetes, hypertension and NT-Pro BNP. The anthropometric analysis showed that 

patients with an abnormal CIMT had a significantly higher BMI and were significantly more 

overweight than those with a normal CIMT. These findings emphasise the importance of 

maintaining a healthy BMI, especially in the current environment of increased consumption of 

processed, high sodium food, decreased physical activity and smoking.  These lifestyle choices 

increase the chances of stroke and CHD dramatically. 
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Nevertheless, there was no correlation between abnormal CIMT and increased intra- and post-

operative patient outcomes.  The post-operative complication rate was very low and could be 

the reason why no association was found between abnormal CIMT and increased post-

operative outcomes. Even when ≥0.09 cm was considered the abnormal CIMT cut-off value, 

no association was found between abnormal CIMT and increased intra- and post-operative 

outcomes. 

 

The emphasis remains that increased CIMT does not indicate the use of CIMT as a tool for 

predicting adverse events in patients undergoing CABG surgery. However, CIMT 

measurement has been extensively studied and has shown to have a high potential for 

predicting future cardiovascular risk in patients.  Data on the accepted normative values are not 

available because there is no widely accepted cut-off value for what constitutes an 

adverse/abnormal CIMT value. Many variables affect the thickening of the carotid intima in 

different populations, whether age, ethnicity or diet.  The current guidelines show that 

increased CIMT is a worthwhile predictor of subsequent coronary heart disease (CHD) and 

stroke. 

 

Therefore, studies with increased patient numbers are needed to confirm our observations due 

to the low post-operative complication rates observed.  Prospective studies with adequate 

patient numbers will enhance the understanding of the prognostic value of CIMT, especially in 

the South African population, where limited data is available.  These studies will also assist in 

establishing normative CIMT values specific to the central South African population. 

 

Future recommendations for CIMT measurement in our facility would be to adapt automated 

edge detector programs instead of manual measurements to make measurements faster and less 

variable.  An outreach programme for long-term assessment and follow-up of CIMT 

progression in pre-adolescence and adolescent phase must be established to develop risk 

stratification in those with an intermediate 10-year risk estimate.   

 

As this study was the first in South Africa, it is important to establish a countrywide database 

to address the challenge of insufficient data available for analysis.  As coronary heart disease 
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is the leading cause of death worldwide, investigations into the value of non-invasive 

techniques such as CIMT are warranted. 
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