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Cardiovascular Topics

Correlation between carotid intima–media thickness and 
patient outcomes in coronary artery disease in central 
South Africa
V Mokoena, L Botes, SC Brown, FE Smit

Abstract
Objectives: Carotid intima–medial thickness (CIMT) is a 
non-invasive tool used to detect atherosclerosis and diagnose 
cardiovascular disease. This study aimed to determine wheth-
er pre-operative CIMT measurements correlated with intra- 
and postoperative outcomes in patients with acute coronary 
syndrome (ACS) 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 < 0.07 cm and group 2: abnormal CIMT ≥ 0.07 cm. 
B-mode ultrasound was used to measure the CIMT in all 
patients. Pre-, intra- and postoperative data and complica-
tions were recorded for each patient.
Results: The study included 77 (86.5%) males and 12 (13.5%) 
females. Pre-operative mean body mass index was signifi-
cantly higher (p = 0.03) in group 2 than in group 1. Group 2 
had a significantly increased incidence of diabetes (p = 0.008) 
and hypertension (p = 0.009), and increased NT-proBNP 
levels (p = 0.02). Intra- and postoperative outcomes between 
the groups were comparable, with no significant differences. 
Conclusion: The study showed no correlation between abnor-
mal CIMT and increased adverse intra- and postoperative 
patient outcomes. Therefore, the results of this study show 
CIMT should not be considered a tool to predict adverse 
events in patients undergoing CABG surgery.
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Global cardiovascular deaths are estimated at 17.9 million 
annually, representing 31% of all deaths.1 In sub-Saharan Africa 
(SSA), non-communicable diseases are the second most common 
cause of death, accounting for 2.6 million deaths or 35%.2 
From the year 2000 to 2016, SSA experienced a 37% increase 
in coronary heart disease, with a projected increase of 21% by 
2030.3 The early detection of high-risk individuals has significant 
clinical value.

Measurement of carotid intima–medial thickness (CIMT) 
has been used as a marker to establish the presence,4 risk5 and 
extent6 of cardiovascular disease (CVD). Several studies have 
validated the application of this imaging technique because 
it can detect slight changes over time, associated with future 
cardiovascular events.7,8 

The 2010 American Heart Association/American College of 
Cardiology guidelines recommended measurement of CIMT 
as a class IIa (reasonable to perform) recommendation for 
cardiovascular risk assessment in asymptomatic adults with 
intermediate cardiovascular risk.9 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 authors10,11 have 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 
becomes correspondingly higher. 

Cardiac surgery with cardiopulmonary bypass (CPB) causes 
the systemic inflammatory response syndrome (SIRS), of which 
two to 6% of cases are associated with severe morbidity and 
death.12 Lactate production is a well-established indicator of 
tissue perfusion and regional brain oxygen saturation13 during 
CPB.14 Atherosclerosis adversely affects the endothelium and is 
associated with an abnormal inflammatory response.15-17 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.18 
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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 are available on 
CIMT and its correlation with operative outcomes in coronary 
artery bypass graft (CABG) patients,19,20 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 acute coronary syndrome (ACS) patients 
undergoing elective CABG surgery would affect intra- and 
postoperative surgical outcomes.

Methods 
This retrospective, analytical cohort included ACS patients 
who received elective CABG surgery as the mode of treatment 
between 2008 and 2014. During this period, 200 patients received 
CIMT evaluations, of whom 89 patients met the inclusion 
criteria and had complete data sets.

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. It mainly services patients from the Free State 
and Northern Cape provinces and Lesotho.

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).

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 (CIMT 
< 0.07 cm) and group 2 patients had abnormal CIMT values 
(CIMT ≥ 0.07 cm). 

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 patients’ medical records and the departmental 
database. Ethnicity was self-identified and cross-referenced using 
the hospital identification system.

Pre-operative results for levels of  cholesterol, creatine, 
total creatine kinase, glucose, insulin, N-terminal-pro-B-type 
natriuretic peptide (NT-proBNP) and the creatinine kinase-
MB (CK-MB) isoform were captured. Blood analysis was 
performed by the National Health Laboratory Service according 
to the laboratory standard operating procedures, applying local 
laboratory reference ranges for each parameter.

Body mass index (BMI) was calculated using the Du Bois 
formula21 and categorised 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).22

Hypertension was defined as isolated systolic hypertension 
(> 140/90 mmHg), according to the definition of Mancia et 
al.23 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.

The CIMT measurements were performed pre-operatively 
one day prior to surgery. Patient positioning and the examination 
procedure were done according to standardised methods 
published in the Mannheim CIMT and plaque consensus.24 
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 
was used to obtain the CIMT images. Three CIMT measurements 
were recorded and averaged. 

For our study, a normal CIMT cut-off was set at < 0.07 cm for 
males and < 0.065 cm for females. For an abnormal CIMT the 
cut-off was ≥ 0.07 cm for males and ≥ 0.065 cm for females. Since 
there are no consistent reference guidelines for CIMT cut-off  
in the literature, the groups were divided based on the primary 
cut-off values per gender, as Youn et al. recommended.25 

Due to the lack of standard reference guidelines in the 
literature, a second limited sub-analysis was done using a cut-off  
CIMT value of ≥ 0.09 cm as abnormal, irrespective of gender or 
age.26 However, only the intra- and postoperative outcomes and 
complications were compared between groups. 

Lactate levels were analysed at specified time intervals: (1) 
after the insertion of an intra-arterial catheter (T1 or baseline), 
(2) after intubation (T2), and (3) at approximately 15-minute 
intervals for the duration of surgery (T3, T4, etc). Post-
operatively, lactate values were recorded at one, two, four, eight, 
12, 24, 48 and 72 hours after the patient was admitted to the 
intensive care unit (ICU). Only peak lactate values were used for 
intra- and postoperative analysis. This study defines peak lactate 
as > 4 mmol/dl during and after surgery.

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.

Standard transthoracic echocardiograms (TTE) were 
performed on all patients in line with the British Society 
of Echocardiography protocol for comprehensive adult TTE 
studies.27 A Phillips EnVisor echocardiography machine was 
used and the patient’s left ventricular ejection fraction (LVEF) 
was calculated peri-operatively using Simpson’s method. The 
American Society of Echocardiography defines 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 

Where EDV is the end-diastolic volume and ESV is the 
end-systolic volume. 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). XLSTAT version 2016.03.30846 was used for 
t-tests and the calculation of confidence intervals. Data were 
compared using the Student’s t-test for normally distributed 
continuous variables, the Mann–Whitney test for continuous 
data that were not normally distributed, and the chi-squared 
or Fisher’s exact test (where cell counts were less than five) for 
categorical variables. Statistical significance was noted if  the 
p-value was less than 0.05.
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Results
Eighty-nine ACS patients received CIMT measurements prior to 
elective CABG surgery. Twenty-eight patients (31%) presented 
with a normal CIMT and 61 (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, and 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 vs 26.6 kg/m2) (p < 0.05). The demographic and 
anthropometric data are summarised in Table 1.

Significantly more patients in group 2 with an abnormal CIMT 
presented with hypertension (p = 0.009), diabetes (p = 0.008) 

and an increased NT-proBNP level (p = 0.017). Low-density 
lipoprotein cholesterol 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-proBNP values exceeded the upper reference 
limit in group 2 (Table 2). The mean EuroSCORE II of both 
groups was high, but patients were evenly distributed in the three 
severity classifications with no differences between groups. 

The intra-operative clinical variables were similar between 
groups and no significant differences were detected (Table 3). 
The post-operative outcomes between groups were similar with 
no significant differences (Table 4). 

Most patients in both groups had an ICU stay of less than 
three days, with only 21.43% in group 1 and 14.75% in group 
2 exceeding a three-day ICU stay. The mortality rate was low, 
with only one (2%) fatality in the abnormal CIMT group due 
to sepsis.

Postoperative complications in both groups were limited. 
Patients with an abnormal CIMT tended to have more 
postoperative complications than those with a normal CIMT 

Table 1. Demographic and anthropometric  
data of normal and abnormal CIMT groups

Variables

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, n (%)

Male 23 (82.1) 54 (88.5)

Female 5 (17.9) 7 (11.5)

Ethnicity, n (%)

Caucasian (n = 69) 22 (78.57) 47 (77.05) > 0.99

Mixed race (n = 9) 2 (7.14) 7 (11.48) 0.71

Black African (n = 9) 4 (14.29) 5 (8.20) 0.45

Asian (n = 2) 0 2 (3.28) –

BMI (kg/m2), mean ± SD 26.6 ± 4.88 29.2 ± 5.85 0.03*

Overweight, n (%) 12 (42.9) 19 (31.2)

Obese, n (%) 13 (46.4) 16 (26.2)

Severely obese, n (%) 0 4 (6.6)

Normal CIMT males < 0.07 cm; abnormal CIMT males ≥ 0.07 cm; normal 
CIMT females < 0.065 cm; abnormal CIMT females ≥ 0.065 cm. CIMT, carotid 
intima–media thickness; SD, standard deviation. 
*Statistically significant p-value < 0.05

Table 2. Pre-operative clinical data of normal  
and abnormal CIMT groups

Variables

Group 1
normal CIMT
(n = 28, 31%)

Group 2
abnormal CIMT
(n = 61, 69%) p-value

CIMT (mm), mean ± SD 0.06 ± 0.01 0.095 ± 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) > 3 mmol, 
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-proBNP (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, n (%) 6 (21.4) 16 (26.2) –

0–2, low risk, n (%) 11 (39.3) 20 (32.8) –

3–5, medium risk, n (%) 7 (25.0) 20 (32.8) –

> 5, high risk, mean ± SD 6.18 ± 9.60 7.53 ± 13.85 0.61

Normal CIMT males < 0.70 mm; abnormal CIMT males ≥ 0.07 cm; normal 
CIMT females < 0.065 cm; abnormal CIMT females ≥ 0.065 cm. 
CIMT, carotid intima–media thickness; SD, standard deviation; LVEF, left 
ventricular ejection fraction.
*Statistically significant p-value < 0.05.

Table 3. Intra-operative clinical data of normal and abnormal CIMT groups

Variables

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 100 µg/ml during 
bypass, n (%)

23 (82.1) 49 (80.3) > 0.99

mean ± SD 15.07 ± 22.04 20.7 ± 17.8 0.30

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

6 (21.4) 9 (14.8) 0.63

mean ± SD 0.07 ± 0.04 0.3 ± 0.4 0.16

Adrenaline bolus during bypass  
1:1 000 000 mg/ml, n (%)

4 (14.3) 17 (27.9) 0.20

mean ± SD 3 ± 1.8 7 ± 9.4 0.13

Effortil bolus during bypass (mg), n (%) 2 (7.1) 5 (8.2) > 0.99

mean ± SD 14.5 ± 7.8 11.6 ± 5.4 0.69

Normal CIMT males < 0.07 cm; abnormal CIMT males ≥ 0.07cm; normal CIMT 
females < 0.065 cm; abnormal CIMT females ≥ 0.065 cm. CIMT, carotid intima–
media thickness; SD, standard deviation.
*Statistically significant p-value < 0.05.

Table 4. Post-operative outcomes of normal and abnormal CIMT groups

Variables

Group 1
Normal CIMT
(n = 28, 31%)

Group 2 Abnor-
mal 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

3.1 ± 0.7 3.13 ± 2.2 0.63

n (%) 6 (21.4) 9 (14.8)

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 < 0.07 cm; abnormal CIMT males ≥ 0.07 cm; normal CIMT 
females < 0.065 cm; abnormal CIMT females ≥ 0.065 cm.
CIMT, carotid intima–media thickness; SD, standard deviation.
*Statistically significant p-value < 0.05.
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(34.4 vs 21.4%) (Fig. 1). The prevalence of postoperative 
complications was too low to analyse statistically.

When a higher CIMT cut-off value was used as an abnormal 
indicator for CIMT (0.09 cm), the pre-, intra- and postoperative 
limited sub-analysis demonstrated similar results between groups 
with no statistically significant differences (Table 5). Postoperative 
complications did not show any significant differences. 

Discussion
This study aimed to assess the impact of  an abnormal 
CIMT on intra- and postoperative variables in ACS patients 
receiving CABG surgery. It was hypothesised that patients 
with pronounced/thickened CIMTs would present with worse 
intra- and postoperative 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 postoperative variables when 
comparing the normal and abnormal CIMT groups, even at a 

higher abnormal CIMT cut-off value of ≥ 0.09 cm. 
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 and Mahmud28 and El Jalbout et al.,29 who reported an 
increased CIMT in adolescents with an increased BMI.

In this cohort, 69% of ACS patients who required CPB 
surgery due to severe CAD had an abnormal CIMT. This finding 
concurs with several other studies that concluded that CIMT is 
elevated with advanced CAD.6,30 

In our study, in patients with an abnormal CIMT, risk factors 
such as hypertension, diabetes and increased NT-proBNP levels 
were significantly more frequent than in those with a normal 
CIMT. Diabetes directly impacts on CIMT due to vascular 
endothelial dysfunction.31 Baba et al. reported that patients 
presenting with diabetes had higher CIMT values than healthy 
controls and that the prevalence of increased CIMT was very 
high (82.8%) in the Nigerian population.31 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 activity32 and family 
history of hypertension.33 Evidence suggests that hypertension 
is strongly associated with increased CIMT thickening.34 The 
carotid artery has a relatively small media compared with 
muscular arteries. Therefore an increased CIMT is thought 
to primarily represent intimal rather than medial thickening, 
supporting atherosclerosis-related cardiovascular events rather 
than hypertrophy of the medial layer of the carotid artery.35 

Our results (Table 2) showed an association between 
hypertension and an increased CIMT, 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 and Mahmud, 
Magnussen, and Chen et al.28,35,36)

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

Table 5. Pre-, intra- and postoperative outcomes compared to normal  
(< 0.09 cm) and abnormal (≥ 0.09 cm) CIMT values regardless of gender

Variables

Group 1
normal CIMT  

< 0.09 cm
(n = 61, 68.5%)

Group 2
abnormal CIMT  

≥ 0.09 cm
(n = 28, 31.5%) p-value

Pre-operative clinical data, 
mean ± SD

NT-proBNP (ng/l), 936.1 ± 165.7 1391 ± 650.5 0.51

LVEF 53.6 ± 1.7 52.1 ± 3.3 0.69

CK-MB isoform (ng/ml) 21.8 ± 10.3 36.10 ± 27.9 0.62

Intra-operative clinical data, 
mean ± SD

Peak lactate (mmol/dl) 4.3 ± 0.2 3.9 ± 0.4 0.29

Cumulative bypass time (min) 112.9 ± 3.8 109.6 ± 6.6 0.66

Postoperative outcomes, mean 
± SD

Peak lactate (> 4 mmol/dl) 5.8 ± 0.4 5.69 ± 0.70 0.93

Normal CIMT < 0.09 cm; abnormal CIMT ≥ 0.09 cm.
CIMT, carotid intima–media thickness; SD, standard deviation.
*Statistically significant p-value < 0.05.

Postoperative complications

Re-intubation Re-operation Pulmonary 
complications

GIT 
complications

Atrial 
fibrillation

Cardiac  
arrest

Sternal wound 
infection

Other  
infection

Septicaemia SIRS

N
u

m
b
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3
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Normal (n = 28)

Abnormal (n = 61)

Fig. 1.  Post-operative complications of normal and abnormal CIMT groups.



CARDIOVASCULAR JOURNAL OF AFRICA • Advance Online Publication, November 2023AFRICA 5

NT-proBNP to a conventional risk model can improve a 10-year 
risk estimation for cardiovascular events.37 This study showed that 
NT-proBNP 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.38

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 
the groups. Insufficient oxygen delivery and hypoperfusion 
during CPB contribute to hyperlactataemia.39 CIMT is a marker 
of subclinical atherosclerosis and endothelial dysfunction,40 
which is a factor that would increase lactate production intra-
operatively due to the systemic inflammatory response caused 
by CPB.41 An increase in lactate is associated with poor outcomes 
and increased mortality rates in cardiac surgery patients.42

The post-operative complications were comparable between 
the groups with no statistically significant differences. Our 
study’s overall post-operative complication rate was low but 
corresponds with the overall rate of complications reported after 
CABG surgery (1–3%).43

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.35 Even when using a higher abnormal 
CIMT cut-off value of 0.09 cm, there was no relationship 
between higher CIMT values and increased post-operative 
outcomes and complications. Our results agree with Aboyans et 
al.,19 who also found little value in pre-operative CIMT. 

By contrast, some value was reported in off-pump CABG 
where increased CIMT (0.9 mm) was associated with increased 
30-day morbidity rates.20 However, based on our results, CIMT 
should not be considered a predictor for surgical outcomes in 
ACS patients undergoing CABG surgery using CPB. Before 
criteria for abnormal CIMT can be set, there is a need for 
measurement consensus and population reference values. There 
are currently no set CIMT population values for South Africa. 

This study is limited by its retrospective design and 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-proBNP level. However, there was no 
correlation between abnormal CIMT and an increased rate of 
adverse intra- and postoperative patient outcomes. Therefore, 
our study does not support the use of CIMT to predict adverse 
events in patients undergoing CABG surgery. Further studies 
that include larger patient numbers are needed to confirm our 
observations.

The authors thank the Robert WM Frater Cardiovascular Centre for their 

contribution towards this research study.

References
1. Mc Namara K, Alzubaidi H, Jackson JK. Cardiovascular disease as a 

leading cause of death: how are pharmacists getting involved? Integr 

Pharm Res Pract 2019; 8: 1–11. 

2. Yuyun MF, Sliwa K, Kengne AP, Mocumbi AO, Bukhman G. 

Cardiovascular diseases in sub-Saharan Africa compared to high-income 

countries: an epidemiological perspective. Glob Heart 2020; 15(1): 15. 

3. Abdelatif  N, Peer N, Manda SO. National prevalence of coronary heart 

disease andstroke in South Africa from 1990–2017: a systematicreview 

and meta-analysis. Cardiovasc J Afr 2021; 32(3): 46–50. 

4. Geroulakos G, O’Gorman DJ, Kalodiki E, Sheridan DJ, Nicolaides AN. 

The carotid intima–media thickness as a marker of the presence of severe 

symptomatic coronary artery disease. Eur Heart J 1994; 15(6): 781–785. 

5. Kitagawa K, Hougaku H, Yamagami H, et al. 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). Cerebrovasc Dis 2007; 24(1): 35–42. 

6. Kablak-Ziembicka A, Tracz W, Przewlocki T, Pieniazek P, Sokolowski 

A, Konieczynska M. Association of increased carotid intima–media 

thickness with the extent of coronary artery disease. Heart 2004; 90(11): 

1286–1290.

7. Bots ML, Evans GW, Tegeler CH, Meijer R. Carotid intima–media 

thickness measurements. Chin Med J 2016; 129(2): 215–226. 

8. Saxena Y, Saxena V, Mittal M, Srivastava M, Raghuvanshi S. Age-wise 

association of carotid intima media thickness in ischemic stroke. Ann 

Neurosci 2017; 24(1): 5–11. 

9. Greenland P, Alpert JS, Beller GA, et al. 2010 ACCF/AHA guideline 

for assessment of cardiovascular risk in asymptomatic adults. J Am Coll 

Cardiol 2010; 56(25): 50–103. 

10. Chambless LE, Heiss G, Folsom AR, et al. Association of coronary 

heart disease incidence with carotid arterial wall thickness and major 

risk factors: the Atherosclerosis Risk in Communities (ARIC) study, 

1987–1993. Am J Epidemiol 1997; 146(6): 483–494. 

11. van der Meer IM, Bots ML, Hofman A, Iglesias del Sol A, van der 

Kuip DAM, Witteman JCM. Predictive value of noninvasive measures 

of atherosclerosis for incident myocardial infarction. Circulation 2004; 

109(9): 1089–1094. 

12. Bulow NMH, Colpo E, Duarte MF, et al. Inflammatory response in 

patients under coronary artery bypass grafting surgery and clinical impli-

cations: a review of the relevance of dexmedetomidine use. Int Sch Res 

Netw Anesthesiol 2014; 2014(3): 1–28. 

13. Koch C, Ro R, Uhle F, et al. Prospective evaluation of regional oxygen 

saturation to estimate central venous saturation in sepsis. J Clin Monit 

Comput 2015; 29: 443–453. 

14. Matteucci M, Ferrarese S, Cantore C, et al. Hyperlactatemia during 

cardiopulmonary bypass: risk factors and impact on surgical results with 

a focus on the long-term outcome. Perfusion 2020; 35(8): 756–762.

15. Ross R. Atherosclerosis – an inflammatory disease. N Engl J Med 1999; 

340(2): 115–126. 

16. Kaperonis EA, Liapis CD, Kakisis JD, Dimitroulis D, Papavassiliou 

VG. Inflammation and atherosclerosis. Eur J Vasc Endovasc Surg 2006; 

31(4): 386–393. 

17. Libby P. Inflammation in atherosclerosis. Arterioscler Thromb Vasc Biol 

2012; 32(9): 2045–2051.

18. Brezzo G, Simpson J, Ameen-ali KE, Berwick J, Martin C. Acute 

effects of systemic inflammation upon the neuro-glial-vascular unit 

and cerebrovascular function. Brain Behav Immun Health 2020; 5: 1–12. 

doi:10.1016/j.bbih.2020.100074

19. Aboyans V, Lacroix P, Yildiz C, Postil A, Laskar M. Common carotid 

intima–media thickness measurement is not a pertinent predictor for 



CARDIOVASCULAR JOURNAL OF AFRICA • Advance Online Publication, November 20236 AFRICA

secondary cardiovascular events after coronary bypass surgery – A 

prospective study. Eur J Cardio-thorac Surg 2005; 28(3): 415–419. 

20. Ham S, Song J, Shim J, Soh S, Kim H. Prognostic role of carotid intima–

media thickness in off-pump coronary artery bypass surgery. Sci Rep 

2018; 8(1): 1–8.

21. Du Bois D, Du Bois EF. A formula to estimate the approximate surface 

area if  height and weight be known. Nutrition 1989; 5(5): 303–313.

22. Nuttall FQ. Body mass index. Nutr Today 2015; 50(3): 117–128. 

23. Mancia G, Backer G De, Uk AD, et al. 2007 Guidelines for the manage-

ment 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). Eur Heart J 2007; 

28(12): 1462–1536. 

24. Touboul P, Hannerici M, Meairs S, Adams H. 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, Belgium. Cerebrovasc Dis 

2013; 34(4): 290–296. 

25. Youn YJ, Lee NS, Kim JY, et al. Normative values and correlates of 

mean common carotid intima–media thickness in the Korean rural 

middle-aged population: The atherosclerosis RIsk of rural areas iN 

Korea general population (ARIRANG) study. J Korean Med Sci 2011; 

26(3): 365–371. 

26. Hennerici MG, Neuerburg-Heusler D. Vascular Diagnosis with 

Ultrasound: Clinical Reference with Case Studies. Stuttgart, New York: 

Thieme, 1998.

27. Wharton G, Steeds R, Allen J, et al. A minimum dataset for a standard 

adult transthoracic echocardiogram : a guideline protocol from the 

British Society of Echocardiography. Echo Res Pract 2015; 2(1): G9–G24. 

28. Rashid SA, Mahmud SA. Correlation between carotid artery intima–

media thickness and luminal diameter with body mass index and other 

cardiovascular risk factors in adults. Sultan Qaboos Univ Med J 2015; 

15(3): e344–e350. 

29. El Jalbout R, Cloutier G, Cardinal MHR, et al. Correction to: Carotid 

artery intima–media thickness measurement in children with normal and 

increased body mass index: a comparison of three techniques. Pediatr 

Radiol 2018; 48(8): 1080. 

30. Zhang Y, Guallar E, Qiao Y, Wasserman BA. Is carotid intima–media 

thickness as predictive as other noninvasive techniques for the detection 

of coronary artery disease? Arterioscler Thromb Vasc Biol 2014; 34(7): 

1341–1345. 

31. Baba MM, Abdullahi Talle M, Ibinaiye PO, Abdul H, Buba F. Carotid 

Intima–media thickness in patients with diabetes mellitus attending 

tertiary care hospital in Nigeria. Angiol Open Access 2018; 6(2): 1–5. 

32. Mills KT, Stefanescu A, He J. The global epidemiology of hypertension. 

Physiol Behav 2016; 176(1): 139–148. 

33. Li A le, Peng Q, Shao Y qin, Fang X, Zhang Y ying. The interaction on 

hypertension between family history and diabetes and other risk factors. 

Sci Rep 2021; 11(1): 1–7. 

34. Zhang L, Fan F, Qi L, et al. The association between carotid intima–

media thickness and new-onset hypertension in a Chinese community-

based population. BMC Cardiovasc Disord 2019; 19(269): 1–6.

35. Magnussen CG. Carotid artery intima–media thickness and hypertensive 

heart disease: a short review. Clin Hypertens 2017; 23(1): 1–4.

36. Chen Y, Xiong H, Wu D, et al. Relationship of short-term blood pressure 

variability with carotid intima–media thickness in hypertensive patients. 

Biomed Eng Online 2015; 14(1): 1–15. 

37. Blankenberg S, Zeller T, Saarela O, et al. Contribution of 30 biomark-

ers to 10-year cardiovascular risk estimation in 2 population cohorts: 

The MONICA, risk, genetics, archiving, and monograph (MORGAM) 

biomarker project. Circulation 2010; 121(22): 2388–2397. 

38. Mirjafari H, Welsh P, Verstappen SMM, et al. N-terminal pro-brain-type 

natriuretic peptide (NT-pro-BNP) and mortality risk in early inflamma-

tory polyarthritis: Results from the Norfolk Arthritis Registry (NOAR). 

Ann Rheum Dis 2014; 73(4): 684–690. 

39. Ranucci M, Isgrò G, Ranucci M, et al. Hyperlactatemia during cardio-

pulmonary bypass: Determinants and impact on postoperative outcome. 

Crit Care 2006; 10(6): 1–9. 

40. Yang CW, Guo YC, Li CI, et al. Subclinical atherosclerosis markers of 

carotid intima-media thickness, carotid plaques, carotid stenosis, and 

mortality in community-dwelling adults. Int J Environ Res Public Health 

2020; 17(13): 1–14. 

41. Laffey JG, Boylan JF, Cheng DCH. The systemic inflammatory response 

to cardiac surgery. Anesthesiology 2002; 97(1): 215–252. 

42. Minton J, Sidebotham DA. Hyperlactatemia and cardiac surgery. J Extra 

Corpor Technol 2017; 49(1): 7–15.

43. Safaie N, Montazerghaem H, Jodati A, Maghamipour N. In-hospital 

complications of coronary artery bypass graft surgery in patients older 

than 70 years. J Cardiovasc Thorac Res 2015; 7(2): 60–62. 


