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Abstract

Background: Carotid vascular scan has proven a very valuable tool in assessing atherosclerotic source of
large vessel thromboembolic stroke. The stroke burden is high in Nigeria and globally, it corresponds to the
prevalence of hypertension. Hypertension is the leading cause of Ischemic stroke. The relationship of
hypertension and carotid vascular parameters will be an interesting study. Duplex carotid vascular scan is
non-invasive, cheap, and readily available. This study set out to evaluate the effect of hypertension on carotid
vascular parameters by comparing carotid artery parameters between a hypertensive population and that from
normal individuals.

Method: Hypertensive’s, nondiabetics attending clinics at the Rivers State University Teaching Hospital, from
January 2021 to October 2021, were recruited for the study and carotid artery parameters from normal, non-
hypertensive and non-diabetic data was compared after carefully matching for body mass indices. A protocol
was developed with duplex vascular parameters of the left common carotid (LCC), right common carotid artery
(RCC), left the internal carotid (LIC), and right internal carotid artery (RIC). This protocol was used to assess
the hypertensives and values obtained were compared to that of a normal Nigerian Population. Peak Systolic
Velocity (PSV) End diastolic velocity (EDV) the Resistivity index (RI) the ratio of PSV /EDV (S/D), the vessel
diameters and carotid Intima Media Thickness (cIMT). Data was collected on excel spreadsheet and analyzed
using Statistical Package for the Social Sciences (SPSS) 23.

Results: Eighty-one (81) hypertensive who met the inclusion criteria and data for fifty (50) apparently normal
individuals was utilized. The mean age +SD for the hypertensive population: normal was 57.26 + 10.53yrs:
48.67 = 7.11yrs. Mean systolic blood pressures +SD of hypertensive population: normal was 167.46 +
17.73mmHg: 129 + 11.29mmHg, mean diastolic blood pressure £SD for hypertensive: normal was 88.63 +
12.57mmHg: 76.04 £+ 8.15 mmHg. There was no significant difference in their BMI.

The left common carotid showed statistically significant difference in its IMT, and diameter when compared
with the normal population and the left internal carotid showed significantly larger vessel diameter and
increased IMT when compared to the normal parameters. On the right there was a significantly larger vessel
diameter of the RCC and increased IMT for both RCC and RIC. Carotid doppler velocities showed higher EDV
of the left internal carotid artery and S/D ratio was significantly higher in the LCC, LIC and RCC arteries.
Bivariate analysis using the Pearson correlation coefficient revealed a negative correlation at significant at
0.01level (2 tailed) between SBP and the PSV (-441, 0.002) and EDV (-365, 0.011) of the Left Internal Carotid
artery. There was also a positive correlation of the EDV and the left internal carotid IMT (0.385,0.009).
However on the RCC and RIC there was no correlation with blood pressures in our study population. The blood
pressure affected the left internal Carotid artery more than the left common carotid artery.

Forty-three (53.09%) of the hypertensive population had left common cIMT > 0.09cm. Forty-one (50.0%) had
left internal cIMT >0.09cm. Forty-five (55.56%) of the hypertensive group on the right common cIMT > 0.09cm
and right carotid 38(46.91%) had cIMT > 0.09cm. Twelve (12) and (15.39%) had plaques of varying

DOI: 10.9790/0853-2102140109 www.iosrjournal.org 1| Page



Duplex Carotid Scan in Hypertensive Patients at the Rivers State University Teaching ..

echogenicity. A notable finding was a higher peak velocity relative to end diastolic velocity (high SD ratio)
noted at points of stenosis which could be doppler pointer to stenosis in the especially in the echolucent plaques.
Conclusion: Hypertension affects the structure and blood flow across the carotid vessels significantly as shown
in its impact on PSV, EDV and S/D and there is need to evaluate the role of doppler parameters as surrogates of
cardiovascular markers.
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. Introduction:

Hypertension is a leading cause of stroke globally; it is the highest preventable risk factor for stroke.™
Hypertension has been implicated as a risk factor for all three types of strokes ischemic, intracerebral, and
subarachnoid hemorrhage. In both developed and developing countries ischemic stroke is the leading type of
stroke ¥ Duplex vascular ultrasound has improved the use of non-invasive testing in evaluating vascular
diseases ). Findings at vascular ultrasonography have been corroborated with findings at arteriography .
Vascular ultrasound is very useful in plaque definition and morphology. .

Atherosclerosis in large vessels have been implicated as the source of ischemic stroke ™. 15% of
strokes have been attributed to large vessel atherosclerosis ™™ Another study attributed 8% of strokes to
atherosclerotic disease from extracranial carotid arteries ™. An important point of note with large vessel
atherosclerotic disease is the high recurrence rate of stroke with large vessel disease ™. Internal carotid prompt
end atherectomy has been shown to prevent recurrence of stroke % Extracranial internal carotid artery stenosis
has been implicated as the most common cause of large vessel stroke ! and its management has been an
important area of interest by large trials 6*"]

Carotid doppler ultrasonography has been used to evaluate hypertensives in previous studies. A study
proposed that vessel integrity; diameter and velocity except is maintained except in the presence of a plaque 8!,
This study set out to understand the crucial effect the hypertension has on extracranial large vessel
atherosclerotic diseases by comparing findings from a hypertensive population with that of a normal population.

Il.  Method.

It was a prospective, observational, cross-sectional study aimed at assessing the impact of hypertension
on the carotid vessels, by comparing doppler carotid vascular parameters found in a hypertensives population
with values obtained for a healthy population(controls). It was a hospital-based study, carried out in Rivers
State University Teaching Hospital from January 2021 to October 2021. Ethical clearance was obtained from
the Ethics committee of the hospital and consent obtained from patients after fully counselling them on the
procedure.

Sample Size: The stroke prevalence in a Nigerian community-based study was given as 1.31/10000 9]
However, a study from community in Rivers State obtained a crude prevalence of 8.51/1000 for stroke .
Computing the sample size with the formula

n=Z? (pg)/e’
Where n = minimum sample size
Z = 1.96 at a Cl of 95%, g= 100 — p, p= Prevalence rate 0.851%, at a margin sampling error at 5%.
(Substituting in the formula above)

n= (1.96)%(100-0.851* 0.851)
{U5)
9.29
0.25

n= 37.

Eighty-one was used as the sample size as hospital prevalence is expected to be higher.

Hypertensive population: The study recruited 81 hypertensives who met the inclusion criteria and consented to
be part of the study; hypertensives aged 40yrs and above, who had their blood glucose assessed to exclude
diabetes. Body mass index (BMI) was computed after measuring their weights and heights, pulse and blood
pressure was measured using a digital sphygmomanometer before the ultrasound procedure.

Controls: Data from previous studies was used as the Controls. Carotid artery parameters for CCA and ICA
was retrieved for fifty normal (50) subjects, aged 40yrs and above after carefully matching for BMI.
Ultrasound procedure: Study was carried using the Sonoscape SS1 8000, both with an ultrasonic duplex
scanner with a 752 (5MHz — 15 MHz) frequency linear array probes which provided simultaneous real time 2 D
arterial images and single gated pulse wave velocity for doppler interrogation. A proforma was developed with
patient’s biodata, weight, and height: from which BMI was computed, pulse rate, symptoms and clinical
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findings and made to include a protocol for CCA and ICA which measured vessel diameter, intima media
thickness, peak systolic velocity (PSV), end diastolic velocity (EDV) the resistivity index (RI) and the ratio of
the PSV/EDV (S/D ratio). The patients were made to lie supine and asked to extend their necks and turn their
face to the opposite side of the carotid vessels to be examined. Carotid examination was performed by placing
the scan head on the neck along the axis of the carotid vessels. Examination was started proximally in transverse
and follow distally to the bifurcation this was to assess the course and the presence of any intimal thickening or
plaque. This was repeated in longitudinal plane. Color flow superimposed on 2D gray scale to assess patency
highlight possible stenosis and importantly to assess the doppler velocity. In measuring velocity care was taken
to obtain sample volume from the center of the vessel and not towards the wall to prevent turbulence along
vessel wall interfering with reading. The readings were taken about the mid common carotid and internal carotid
artery. Two successive readings were taken, and the mean computed for each carotid artery variable.

I11.  Results:

Eighty-one (81) :47 (51.28%) males and 34(48.72%) females made up the hypertensive population and
data was retrieved from 50 (fifty): 27(54%) males and 23(43%) females after carefully matching for BMI. The
mean parameters for Hypertensive: Normal, (Age: 57.26 *10.53yrs:48.67 =+7.11yrs), (SBP:167.46 +
17.73mmHg:129.33 +11.29mmHg) (DBP: 88.63+12.57mmHg: 76.04 + 8.15mmHg) were significantly higher in
the hypertensive population and normal (see Table 1). For the hypertensive population the males and females
compared favorably with no significant differences in age, BMI, Pulse rate, systolic and diastolic blood
pressure. (See Table 2).

Majority of the patients were asymptomatic however there were histories of TIA, syncope, and
previous strokes in some of the patients evaluated (See table 3).

There were significantly higher values, on paired T test analysis of the LCC mean; diameter, IMT and
SD (P value 0.05) in the hypertensive population when compared to the mean. The mean of the LIC diam (.00),
IMT (.00), EDV and SD (P value 0.05) was also significantly higher in the hypertensive group than the mean for
the normal population.

On the right, the RCC mean values for IMT, Diam was significantly higher in the hypertensive
population than that of the normal population. and RIC IMT was significantly higher in hypertensive than the
normal (see Table 4).

Bivariate analysis using the Pearson correlation coefficient revealed a negative correlation at
significant at 0.01 level (2 tailed) between SBP and the PSV (-441, 0.002) and EDV (-365, 0.011) of the Left
Internal Carotid artery. There was also a positive correlation of the EDV and the left internal carotid IMT
(0.385,0.009). However, on the RCC and RIC there was no correlation with blood pressures in our study
population. The blood pressure affected the left internal Carotid artery more than the left common carotid artery.

Forty-two (52.4%) of the hypertensive population had LCC IMT> 0.09cm Y. Forty-one (50.0%) had
LIC IMT >0.09cm. 54% of the hypertensive group on the RCC showed IMT > 0.09cm. 12 (15.39%) had
plaques. Six (6) of the plaques was located in the LIC artery causing a 20 -80% stenosis. In two subjects the
plaques were found in both the LCC and the LIC (see figure 1). One (1) showed a RCC plaque. Isolated LCC
plaque was discovered in two (2) and three (3) had isolated RIC plaques. Most of the plaques were echogenic
plaques. In the study population most were symptomatic 2 had TIA, 2 had a previous stroke. Carotid bruit was
discovered in one patient with RCC plaque whilst others had headaches and dizziness.

A notable finding was a higher peak velocity relative to end diastolic velocity (high SD ratio) noted at
points of stenosis which could be doppler pointer to stenosis in the echolucent plagques, The loss of spectral
window is another doppler sonographic guide to stenosis.

IV.  Discussion

Carotid doppler has proven a very valuable tool, in assessing large vessel source of atherosclerotic
disease and thrombo-embolism in stroke patients. Sources of thromboembolism varies in the etiopathogenesis of
Ischemic stroke. Studies have shown cardiac sources 2 and other large vessel sources *®). Internal carotid artery
atherosclerotic disease has however become an important area for trials with the aim of optimizing care in these
group of patients. There are studies locally Y (in Nigeria) that has evaluated carotid doppler findings in
hypertensive, there is no doubt that these studies have given attention to an important surrogate marker for
cardiovascular diseases: cIMT. However, this study has shed some light on carotid doppler findings in addition
to cIMT changes and diameter changes with duplex carotid vascular scans.
Carotid Vessel Diameter: Hypertensives have been shown to have significantly larger vessels when compared
to the normal population. * We studied the diameter of four carotid artery vessels, the LCC, RCC, LIC and the
right internal carotid by doppler gray scale, longitudinal cut. Measuring the distance between the intima of both
vessel walls, showed significantly larger vessel diameters in all four vessels studied.
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The mechanism by which hypertension causes dilatation of vessel recorded in other large vessels like the
femoral arteries? a prospective study?’ that tried to offer an explanation, for the dilation of the carotid artery by
hypertension; compared the diameter- pressure curves of carotid arteries and femoral vessels of hypertensive
and normotensive subjects and discovered that the carotid artery dilation was dependent on distending pressure,
in that same study a different mechanism was proposed for the femoral artery dilatation; the femoral dilatation
was attributed to geometric change in vessel caliber. This would mean that controlled blood pressure would
imply an absence of dilatation. While this may offer an explanation for the significant increase in diameter in
our study population; which studied a hypertensive group with poor blood pressure control: Mean = SD of
SBP:167.46 + 17.73mmHg:129.33 £11.29mmHg, and saw a systolic blood pressures as high as 200mmHg and
diastolic as high as 120mmHg. However, based on the theory put forward by the study of Armentano et al, this
study was expected to have shown a correlation with either systolic or diastolic blood pressures, with vessel
diameter but there was no correlation by bivariate analysis. Therefore, a mechanism whereby the initial effect
could be the pressure effect, which could over time result in geometric changes or a combination of both factors
is a possible mechanism of carotid artery vasodilatation in hypertensives, corroborated in this study

cIMT: The impact of high blood pressure in hypertensive study on IMT was a very notable finding and has
been seen in other studies ***%. The effect of blood pressure on IMT has not been shown to be affected by the
duration of hypertension®. Carotid IMT is important surrogate of cardiovascular disease and corresponds to
atherosclerotic disease in other large vessels. It has shown a linear relationship with hypertension 2.

LCC IMT in the index study showed a positive correlation with hypertension. There was also significant
difference between IMT across most of the carotid vessels between the hypertensive group and data from
controls. In some of our hypertensive subjects, marked IM hypertrophy was noted (see table 6 and figure 3).
Clinical trials have shown the regression or slow progression of IMT in clinical trials with therapy *? Care must
be taken to differentiates IMT from plaques and in some cases intimal media hyper trophy or hyperplasia can
co-exist. IMT is a double-line pattern visualized by echography on both walls of the CCA in a longitudinal
image. Two parallel lines, which consist of the leading edges of two anatomical boundaries, form it: the lumen-
intima and media-adventitia interfaces 1. While Plaques are focal structures encroaching into the arterial lumen
of at least 0.5 mm or 50% of the surrounding IMT value or demonstrates a thickness >1.5 mm as measured from
the intima-lumen interface to the media-adventitia interface *4,

Doppler Flow Velocities and Ratios: This study showed the association between systolic blood pressure and
Diastolic blood pressure and carotids artery PSV and EDV. The PSV and EDV showed an inverse relationship
with the systolic and diastolic blood pressures in the left carotid artery. This is like a study that evaluated the
impact of hypertension on cognitive function:®! the study deployed brain blood flow by evaluating the
relationship between SBP and DBP in hypertensives and noted an inverse relationship. This study also noted the
significance of the ratio of the PSV to the EDV: the S/D ratio. The S/D ratio was relatively widened in stenotic
vessels with higher PSV relative to EDV (see figure 1). The mechanism of this is not clear. Future studies to
understand this is encouraged. The spectral window is obscured at doppler evaluation of stenotic sites.
Conclusion: Hypertension affects the structure and blood flow across the carotid vessels significantly as shown
in its impact on PSV, EDV and S/D and there is need to evaluate the role of doppler parameters as surrogates of
cardiovascular markers

FIGURE 1: IDENTIFICATION OF ECOLUCENT PLAQUE USING SD RATIO
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FIGURE 2: HETEROGENOUS PLAQUE
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FIGURE 3: MARKED HYPERTROHY AFFECTING BOTH ICA AND ECA
WITH PLAQUE DEVELOPMENT IN THE ECA

TRANSVERSE SECTION

TABLE 1 : COMPARISON of CLINICAL PARAMETERS BETWEEN
HYPERTENSIVES AND NORMAL

Clinical Std. Error Sig. (2-
Parameters Normal Hypertensives  Mean T tailed)
n 50 78

AGE 48.67 +7.11 57.26 £10.53 1.78 4.82 .000
BMI 25.17 + 3.57 26.44+ 6.34 1.09 1.16 .252
PULSE 77.90£13.12 80.73 £ 9.89 2.19 1.29 202
SBP 129.33 £11.29 167.46 +17.73 3.28 11.63 .000
DBP 76.04 £8.15 88.63+12.57 2.34 5.37 .000

Significant at P value < 0.05
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TABLE 2 : COMPARISON of CLINICAL PARAMETERS BETWEEN MALE AND
FEMALE HYPERTENSIVES

Clinical Parameters Male Hypertensives Female Std. Error
Hypertensives Mean t Sig. (2-tailed)
AGE 58.74£11.13 56.05 +£10.49 2.24 -1.20 0.24
BMI 26.46 £ 6.12 25.62+7.17 1.48 -.57 0.58
PULSE 81.97 £11.80 80.68 + 7.84 2.43 -53 0.60
SBP 173.316 +17.51 164.47 +£15.16 3.97 -2.23 0.03
DBP 90.13 £12.03 87.11 +11.39 2.58 -1.18 0.25

Significant at P value <0.05

TABLE 3: CLINICAL FINDINGS

Valid
Clinical Findings Frequency  Percent(%o)
Asymptomatic 48 59.3
Amnesia, and Headache 1 1.2
Bradycardia 1 1.2
Carotid Bruit 1 1.2
Chest Pain /Dizziness 1 1.2
Dizziness 2 2.5
Full Work-Up 1 1.2
Headache 3 1.2
Headache/Dizziness 5 1.2
Insomnia 3 1.2
Pedal Swelling 1 1.2
Previous CVD 3 3.7
Syncope 10 8.6
TIA 4 4.9
Total 81 100.0

TABLE 4 : COMPARISON of LEFT CAROTID ARTERY PARAMETERS
BETWEEN HYPERTENSIVES AND NORMAL

Hypertensives EStd' :

rror Sig. (2-
Left Carotid artery Parameters Normal Mean t tailed)
LCC/Diameter 0.69 +.07 0.74 £0.11 02 3.00 .00
LCClIntima Media Thickness 0.07+0.02 0.13+£0.04 01 4.70 .00
LCC Peak Systolic Velocity 60.40+24.87 67.37+£2225 457 153 13
LCC End Diastolic Velocity 31.21 + 22.25 25.93+18.35 439 -1.20 23
LCC Resistivity Index 0.51+0.19 0.61+0.19 042  1.90 06
LCC SD 2.54 +1.15 3.12+1.54 29  1.98 .05
LIC Diameter 0.73+0.14 0.82+0.19 03 -2.90 01
LIC Intima Media Thickness 0.06+0.02 0.13+0.01 02 3.38 00
LIC Peak Systolic Velocity 53.52+266  54.00+20.11 481 .10 92
LIC End Diastolic Velocity 28.60+26.05 18.69+16.20 371 -2.67 01
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LIC Resistivity Index 0.54+0.23 0.60£1.20 05 1.26 21
LIC SD 2.94+2.01 5.35+13.69 2.08 -1.16 .00
RCC/Diameter 0.68+0.12 0.75+0.13 0.02 3.30 .00
RCClIntima Media Thickness 0.06 +£.017 0.12+0.11 0.02 3.43 00

RCC Peak Systolic Velocity 50.93+20.85 107.33+30.58 44.17 1.28 0.21
LCC End Diastolic Velocity 25.00+20.04 20.73+15.07 3.25 131 0.20

RCC Resistivity Index 0.62+0.17 0.99+0.28 040 -0.91 0.37
RCC SD 2.96+1.23 3.27 £1.90 0.34 093 0.36
RIC Diameter 0.75+0.17 0.77+0.17 0.04 0.58 0.57

RIC Intima Media Thickness 0.06 +0.01 0.10 £0.05 0.01 5.06 0.00
RIC Peak Systolic Velocity 52.60+24.90 54.12+28.55 4.92 031 0.76
RIC End Diastolic Velocity 26.46+22.44 2493+1394 517 -0.30 0.77
RIC Resistivity Index 0.56+0.20 0.57+0.25 0,06 0.16 0.87
RIC SD 2.81+0.78 3.22+2.29 048 0.85 0.40

Significant at P value <0.05

TABLE 5: CORELATION BETWEEN LIC PARAMETERS AND SBP & DBP

Blood Pressure LIC IMTLIC PSV LICEDV
Pearson Corelation Coefficient SBP 181 -441" -.365
Significance Level 234 .002 .011
Pearson Corelation Coefficient DBP 385" -.280 -111
Significance Level .009 .054 454

**Correlation is significant at the 0.01 level(2 tailed)
*Correlation is significant at the 0.05 level(2 tailed

TABLE 6: cIMT MEASUREMENT ACROSS HYPERTENSIVES

CAROTID VESSELS IMT IMT IMT
<0.09 0.09-1.9 >2
Right Common Carotid 57 19 4
Right Internal Carotid 59 20 3
Left Common Carotid 49 30 2
Left Internal Carotid 58 17 6

cIMT= Carotid Intima Media Thickness.
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RELATIONSHIP BETWEEN SYSTOLIC BLOOD PRESSURE AND LEFT
INTERNAL CAROTID PARAMETERS

O sBP - LICIDIAM
' SBP - LICEDV
- SBP - LICAMT
120.000 O SBP - LICPSY
SEP - LICRI
O sBP - LiCsSD
[e===|riterpolation Line
— Interpolation Line
= Interpolation Line
— Interpolation Line
— Interpolation Line
= Interpolation Line

100.000-

80.000

LIC/DIAM

£0.000-]

40.000-

20.000=)

000 T T T
80.0 1000 1200

SBP

RELATIOSHIP BETWEEN DIASTOLIC BLOOD PRESSURE AND LEFT INTERNAL
CAROTID PARAMETERS

ODBP - LICIDI#
__DBP -LICIED
ODBP -LIC/IM
CODBP -LICIPS
DBP -LICIRI

CODBP -LICISD
— Interpolation
==Interpolation
—Interpolation
— Interpolation
— Interpolation
— Interpolation
© DBP - LICIDI/
© DBP - LICIED
<1 DBP - LICIIM
© DBP -LICIPS
9 DBP -LICIRI

© DBP -LICISD

120 000

100 .000—

80000

LIC/IDIAM

60 000

40 000

200007

Primary Health Care Management Board (RSPHCMB) for permission and ethical clearance to carry out this
study.

Fundings: No funding or sponsorship was received.

Authorship: All authors meet the criteria for authorship and do take responsibility for the integrity of the work
and have given approval for publication.

Disclosures: All authors of this publication; Cookey Stella N, Nyeche Emmanuel O and Wariboko Christian M
have nothing to disclose.

Compliance and Ethics Guidelines: The study was in keeping with best research practices: ethical clearance
was sought from the ethics committee of the Rivers State University Teaching Hospitals and consent obtained
from each subject after proper education on the procedure.

References
[1]. Wajngarten, Mauricio, and Gisele Sampaio Silva. “Hypertension and Stroke: Update on Treatment.” European cardiology vol. 14,2
111-115. 11 Jul. 2019, doi:10.15420/ecr.2019.11.1
[2]. Lavados PM, Hennis AJ, Fernandes JG et al. Stroke epidemiology, prevention, and management strategies at a regional level: Latin
America and the Caribbean. Lancet Neurol. 2007; 6:362—72. doi: 10.1016/S1474-4422(07)70003-0. [PubMed] [CrossRef] [Google
Scholar]

[3]. Thrift AG, Dewey HM, Macdonell RA et al. Incidence of the major stroke subtypes: initial findings from the Northeast Melbourne
stroke incidence study (NEMESIS) Stroke. 2001; 32:1732-8. doi: 10.1161/01.STR.32.8.1732. [PubMed] [CrossRef] [Google
Scholar]

[4]. Feigin V, Carter K, Hackett M et al. Ethnic disparities in incidence of stroke subtypes: Auckland Regional Community Stroke
Study, 2002-2003. Lancet Neurol. 2006; 5:130-9. doi: 10.1016/S1474-4422(05)70325-2. [PubMed] [CrossRef] [Google Scholar]

[5]. Hussen A, Fentaw T. Girma S,: Comparison of Ischaemic Stroke and Haemorrhagic Stroke in Ward of Dessie Referral Hospital,
Northeast Ethiopia: A Retrospective Study, Neurologic Research International, vol 2021, Article ID 9996958, 9 pages, 2021. http://
doi.org/10.1155/2021/9996958.

DOI: 10.9790/0853-2102140109 www.iosrjournal.org 8 | Page


https://www.ncbi.nlm.nih.gov/pubmed/17362840
https://dx.doi.org/10.1016%2FS1474-4422(07)70003-0
https://scholar.google.com/scholar_lookup?journal=Lancet+Neurol&title=Stroke+epidemiology,+prevention,+and+management+strategies+at+a+regional+level:+Latin+America+and+the+Caribbean&author=PM+Lavados&author=AJ+Hennis&author=JG+Fernandes&volume=6&publication_year=2007&pages=362-72&pmid=17362840&doi=10.1016/S1474-4422(07)70003-0&
https://scholar.google.com/scholar_lookup?journal=Lancet+Neurol&title=Stroke+epidemiology,+prevention,+and+management+strategies+at+a+regional+level:+Latin+America+and+the+Caribbean&author=PM+Lavados&author=AJ+Hennis&author=JG+Fernandes&volume=6&publication_year=2007&pages=362-72&pmid=17362840&doi=10.1016/S1474-4422(07)70003-0&
https://www.ncbi.nlm.nih.gov/pubmed/11486098
https://dx.doi.org/10.1161%2F01.STR.32.8.1732
https://scholar.google.com/scholar_lookup?journal=Stroke&title=Incidence+of+the+major+stroke+subtypes:+initial+findings+from+the+North+East+Melbourne+stroke+incidence+study+(NEMESIS)&author=AG+Thrift&author=HM+Dewey&author=RA+Macdonell&volume=32&publication_year=2001&pages=1732-8&pmid=11486098&doi=10.1161/01.STR.32.8.1732&
https://scholar.google.com/scholar_lookup?journal=Stroke&title=Incidence+of+the+major+stroke+subtypes:+initial+findings+from+the+North+East+Melbourne+stroke+incidence+study+(NEMESIS)&author=AG+Thrift&author=HM+Dewey&author=RA+Macdonell&volume=32&publication_year=2001&pages=1732-8&pmid=11486098&doi=10.1161/01.STR.32.8.1732&
https://www.ncbi.nlm.nih.gov/pubmed/16426989
https://dx.doi.org/10.1016%2FS1474-4422(05)70325-2
https://scholar.google.com/scholar_lookup?journal=Lancet+Neurol&title=Ethnic+disparities+in+incidence+of+stroke+subtypes:+Auckland+Regional+Community+Stroke+Study,+2002%E2%80%932003&author=V+Feigin&author=K+Carter&author=M+Hackett&volume=5&publication_year=2006&pages=130-9&pmid=16426989&doi=10.1016/S1474-4422(05)70325-2&

Duplex Carotid Scan in Hypertensive Patients at the Rivers State University Teaching ..

6.
[71.
8.

9.

[10].
[11].
[12].
[13].

[14].

[15].

[16).
[17).
[18].
[19].
[20].
[21].

[22].

[23].
[24].

[25].

[26].
[27].
[28].
[29].
[30].
[31].

[32].

[33].
[34].
[35].

[36].

[37].

Wahab KW. The burden of stroke in Nigeria. Int J Stroke. 2008 Nov;3(4):290-2. doi: 10.1111/j.1747-4949.2008.00217. x. PMID:
18811746.

Lorenz MW, Markus HS, Bots ML, Rosvall M and Sitzer M: Prediction of clinical cardiovascular events with carotid intima-media
thickness: a systematic review and meta-analysis. Circulation 2007, 115:459-467.

Titi M, George C, Bhattacharya D, Rahi A, Woodhead PM, Stevenson WJ, et al. Comparison of carotid Doppler ultrasound and
computerised tomographic angiography in the evaluation of carotid artery stenosis. Surgeon. 2007 Jun;5(3):132-6. doi:
10.1016/s1479-666x(07)80039-4. PMID: 17575665.

Weerakkody Y. Ultrasound assessment of carotid arterial atherosclerotic disease. Reference article, Radiopaedia.org. (accessed on
16 Feb 2022) https://doi.org/10.53347/rID-9404

Lovett JK, Coull AJ, Rothwell PM. Early risk of recurrence by subtype of ischemic stroke in population based
studies. Neurology. 2004; 62:569-573. [PubMed] [Google Scholar

Petty GW, Brown RD, Jr, Whisnant JP, et al. Ischemic stroke subtypes: A population-based study of incidence and risk
factors. Stroke. 1999; 30:2513-2516. [PubMed] [Google Scholar]

Uchino K, Risser JMH, Smith MA, et al. Ischemic stroke subtypes among Mexican Americans and non- Hispanic whites: The
BASIC project. Neurology. 2004; 63:574-576. [PubMed] [Google Scholar]

Schneider AT, Kissela B, Woo D, et al. Ischemic stroke subtypes: A population-based study of incidence rates among blacks and
whites. Stroke. 2004; 35:1552-1556. [PubMed] [Google Scholar]

Flaherty ML, Kissela B, Khoury JC, Alwell K, Moomaw CJ, Woo D, Khatri P, Ferioli S, Adeoye O, Broderick JP, Kleindorfer D.
Carotid artery stenosis as a cause of stroke. Neuroepidemiology. 2013;40(1):36-41. doi: 10.1159/000341410. Epub 2012 Oct 11.
PMID: 23075828; PMCID: PMC3626492.

Rothwell PM, Eliasziw M, Gutnikov SA, et al. for the Carotid Endarterectomy Trialists' Collaboration. Analysis of pooled data
from the randomised controlled trials of endarterectomy for symptomatic carotid stenosis. Lancet. 2003; 361:107-
116. [PubMed] [Google Scholar]

Results of the Stent-Protected Angioplasty versus Carotid Endarterectomy (SPACE) study to treat symptomatic stenoses at 2 years:
a multinational, prospective, randomised trial.

Eckstein HH, Ringleb P, Allenberg JR, Berger J, Fraedrich G, Hacke W, Hennerici M, Stingele R, Fiehler J, Zeumer H, Jansen
O.Lancet Neurol. 2008 Oct; 7(10):893-902.[PubMed] [Ref list]

Stenting versus endarterectomy for treatment of carotid-artery stenosis.

Brott TG, Hobson RW 2nd, Howard G, Roubin GS, Clark WM, Brooks W, Mackey A, Hill MD, Leimgruber PP, Sheffet AJ,
Howard VJ, Moore WS, Voeks JH, Hopkins LN, Cutlip DE, Cohen DJ, Popma JJ, Ferguson RD, Cohen SN, Blackshear JL, Silver
FL, Mohr JP, Lal BK, Meschia JF, CREST Investigators.N Engl J Med. 2010 Jul 1; 363(1):11-23.[PubMed] [Ref list]

Benetos A, Safar ME, Laurent S, Bouthier JD, Lagneau PL, Hugue C. Common carotid blood flow in patients with hypertension
and stenosis of the internal carotid artery. J Clin Hypertens. 1986 Mar;2(1):44-54. PMID: 3522814.

Emmanuel OS, Desalu OO, Adepoju F, Shittu A, Olasosebukun O. Prevalence of stroke in three semi urban communitities in
Middle-belt region of Nigeria: a door to door survey. Pan African Medical Journal.2015;20:33[d0i10.11604.Pam;j.2015 20-33.4594.
Onwuchekwa AC, Tobin-West C, Babatunde S. Prevalence and risk factors for stroke in an adult population in a rural community in
the Niger Delta, south-south Nigeria. Journal of Stroke and Cerebrovascular Diseases : the Official Journal of National Stroke
Association. 2014 Mar;23(3):505-510. DOI: 10.1016/j.jstrokecerebrovasdis.2013.04.010. PMID: 23721622.

Pignoli P, Tremoli E, Poli A, Oreste P, Paoletti R. Intimal plus medial thickness of the arterial wall: a direct measurement with
ultrasound imaging. Circulation. 1986;74(6):1399-406.

Arboix A, Alié J. Cardioembolic stroke: clinical features, specific cardiac disorders and prognosis. Curr Cardiol Rev. 2010
Aug;6(3):150-61. doi: 10.2174/157340310791658730. PMID: 21804774; PMCID: PMC2994107.

Brinjikji W, Nogueira RG, Kvamme P, Layton KF, Almandoz JE, Ricardo AH et al. Association between clot composition and
stroke origin in mechanical thrombectomy patients: analysis of the Stroke Thromboembolism Registry of Imaging and Pathology
Journal of Neurolnterventional Surgery 2021;13:594-598.

Ayoola O0,Onuwaje MA, Akintomide AO, Sonographic Assessment of the carotid intima-media thickness on B-mode
ultrasonography in a Nigerian Population.Niger Med J2015;56:357- 61.

Simon AC, O’Rourke MF, Levenson J. Arterial distensibility and its effect on wave reflection and cardiac loading in cardiovascular
disease. Coron Artery Dis.1991; 2:1111-1120

Liu Z, Ting CT, Zhu S, Yin FCP. Aortic compliance in human hypertension. Hypertension.1989; 14:129-136. [Google Scholar]
Ricardo Armentano, Jean Louis Megnien, Alain Simon, Florence Bellenfant, Juan Barra, Jaime Levenson Effects of Hypertension
on Viscoelasticity of Carotid and Femoral Arteries in Humansl Jul 1995https://doi.org/10.1161/01.HYP.26.1.48Hypertension.
1995; 26:48-54.

Armentano R, Simon A, Levenson J, Chau NP, Megnien JL, Pichel R. Mechanical pressure versus intrinsic effects of hypertension
on large arteries in humans.

Howard G, Sharrett AR, Heiss G, Evans GW, Chambless LE, Riley WA, et al. Carotid artery intimal-medial thickness distribution
in general populations as evaluated by B-mode ultrasound. ARIC investigators. Stroke. 1993;24(9):1297-304

Naseh G, Fard MM, Kazemi T, Mirgholami A, Hashemi N, Saburi A. Comparison of Carotid Intima-media Thickness in
Hypertensive Patients and Control Group. J Cardiovasc Echogr. 2016 Apr-Jun;26(2):48-51. doi: 10.4103/2211-4122.183749.
PMID: 28465960; PMCID: PMC5224654.

Bae JH, Kim WS, Lee MS, Kim KS, Park JB, Youn HJ, et al. The changes of individual carotid artery wall layer by aging and
carotid intima-media thickness value for high risk. Cardiovasc Ther. 2016;34(6):397-403

Bots ML, Hofman A, de Bruyn AM, de Jong PT, Grobbee DE. Isolated systolic hypertension and vessel wall thickness of the
carotid artery. The Rotterdam elderly study. Arterioscler Thromb. 1993;13(1):64-9

Pignoli P, Tremoli E, Poli A, Oreste P, Paoletti R. Intimal plus medial thickness of the arterial wall: a direct measurement with
ultrasound imaging. Circulation. 1986 Dec; 74(6):1399-406. [PubMed] [Ref list]

Touboul PJ, Hennerici MG, Meairs S, Adams H, Amarenco P, Bornstein N, et al carotid intima-media thickness and plaque
consensus (2004-2006-2011). An update on behalf of the advisory board of the 3rd, 4th and 5th watching the risk symposia, at the
13th, 15th and 20th European Stroke Conferences, Mannheim, Germany, 2004, Brussels, Belgium, 2006, and Hamburg, Germany,
2011. Cerebrovasc Dis. 2012;34(4):290-6. doi: 10.1159/000343145. Epub 2012 Nov 1. PMID: 23128470; PMCID: PMC3760791.
Shao-Yuan Chuang, Hao-Min Cheng, Gary F Mitchell, Shih-Hsien Sung, Chen-Huan Chen, Wen-Harn Pan et al, Carotid Flow
Velocities and Blood Pressures Are Independently Associated With Cognitive Function, American Journal of Hypertension,
Volume 32, Issue 3, March 2019, Pages 289-297, https://doi.org/10.1093/ajh/hpy165

DOI: 10.9790/0853-2102140109 www.iosrjournal.org 9 | Page


https://www.ncbi.nlm.nih.gov/pubmed/14981172
https://scholar.google.com/scholar_lookup?journal=Neurology&title=Early+risk+of+recurrence+by+subtype+of+ischemic+stroke+in+populationbased+studies&author=JK+Lovett&author=AJ+Coull&author=PM+Rothwell&volume=62&publication_year=2004&pages=569-573&pmid=14981172&
https://www.ncbi.nlm.nih.gov/pubmed/10582970
https://scholar.google.com/scholar_lookup?journal=Stroke&title=Ischemic+stroke+subtypes:+A+population-based+study+of+incidence+and+risk+factors&author=GW+Petty&author=RD+Brown&author=JP+Whisnant&volume=30&publication_year=1999&pages=2513-2516&pmid=10582970&
https://www.ncbi.nlm.nih.gov/pubmed/15304600
https://scholar.google.com/scholar_lookup?journal=Neurology&title=Ischemic+stroke+subtypes+among+Mexican+Americans+and+non-+Hispanic+whites:+The+BASIC+project&author=K+Uchino&author=JMH+Risser&author=MA+Smith&volume=63&publication_year=2004&pages=574-576&pmid=15304600&
https://www.ncbi.nlm.nih.gov/pubmed/15155974
https://scholar.google.com/scholar_lookup?journal=Stroke&title=Ischemic+stroke+subtypes:+A+population-based+study+of+incidence+rates+among+blacks+and+whites&author=AT+Schneider&author=B+Kissela&author=D+Woo&volume=35&publication_year=2004&pages=1552-1556&pmid=15155974&
https://www.ncbi.nlm.nih.gov/pubmed/12531577
https://scholar.google.com/scholar_lookup?journal=Lancet&title=Analysis+of+pooled+data+from+the+randomised+controlled+trials+of+endarterectomy+for+symptomatic+carotid+stenosis&author=PM+Rothwell&author=M+Eliasziw&author=SA+Gutnikov&volume=361&publication_year=2003&pages=107-116&pmid=12531577&
https://www.ncbi.nlm.nih.gov/pubmed/18774746/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3626492/#R17
https://www.ncbi.nlm.nih.gov/pubmed/20505173/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3626492/#R20
https://scholar.google.com/scholar_lookup?journal=Lancet&title=Analysis+of+pooled+data+from+the+randomised+controlled+trials+of+endarterectomy+for+symptomatic+carotid+stenosis&author=PM+Rothwell&author=M+Eliasziw&author=SA+Gutnikov&volume=361&publication_year=2003&pages=107-116&pmid=12531577&
https://www.ahajournals.org/doi/full/10.1161/01.HYP.26.1.48
https://www.ahajournals.org/doi/full/10.1161/01.HYP.26.1.48
https://www.ahajournals.org/doi/full/10.1161/01.HYP.26.1.48
https://www.ahajournals.org/doi/full/10.1161/01.HYP.26.1.48
https://www.ahajournals.org/doi/full/10.1161/01.HYP.26.1.48
https://www.ahajournals.org/doi/full/10.1161/01.HYP.26.1.48
https://doi.org/10.1161/01.HYP.26.1.48
https://www.ncbi.nlm.nih.gov/pubmed/3536154/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3760791/#R11
https://doi.org/10.1093/ajh/hpy165

