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Abstract: The Common Carotid artery Intima-Media Thickness (CCIMT) can reflect systemic atherosclerosis
i renal patients on hemodialysis. This study aimed to compare CCIMT measured by color Doppler
ultrasonography between two groups including dialytic patients and normal subjects. In this case-control
setting, 48 patients with Chronic Kidney Disease (CKD) on hemodialysis (case group) and 46 age and
sex-matched healthy subjects (control group) were enrolled in this study. Color Doppler ultrasound was used
to measure CCIMT and determine presence of atherosclerotic plaques n carotid bulb m both groups. Various
laboratory parameters were also determined. Serum levels of triglyceride, total cholesterol, low-density
lipoprotein, fasting sugar, ionized calcium, inorganic phosphorus and magnesium were comparable between
the two groups. Hypertension and elevated levels of serum C-reactive protein, as well as the mean levels of
serum non-fasting homocysteine and phosphate were significantly higher in the case group. Mean levels of
serum high-density lipoprotein and albumin were sigmficantly higher in the controls. Mean maximum CCIMT
was significantly higher in the case group than in controls (0.73£0.15 vs. 0.68+£0.08 mm, p = 0.01) even after
adjusting for other confounding variables. Frequency of patients with atherosclerotic plaques in carotid bulbs
was not significantly different between case and controls. In conclusion, this study showed that CCIMT 1s
significantly higher in CKD patients on hemodialysis comparing with matched normal counterparts.
Furthermore, this difference was mdependent of other conventional risk factors for atherosclerosis.

Key words: Chronic kidney disease, mtima-media thickness, color doppler ultrasound, atherosclerosis,
risk factor

INTRODUCTION

Base on available data, cardiovascular problems
constitute one of the major causes of morbidity and
mortality in patients with Chrome Kidney Disease (CKD)
(Cooper, 2001 ). Furthermore, it is definitely shown that the
mcidence of cardiovascular diseases and pathologic
atherosclerotic changes in particular, 1s considerably hugh
in CKD patients under maintenance dialysis. This is
thought to be due to higher rates of metabolic and
endocrine disarrangements, such as abnormalities in lipid
profile and wemic dyslipidemia, increased oxidant stress,
hyperhomocysteinemia, disorders of caleium and
phosphorus metabolism and metabolic deficiencies of
glucose (Assal et al., 2006; Nasri and Baradaran, 2006;

Ragab and Ragab, 2007, Atwa et al, 2011,

Onyeneke et al., 2007; Reis et al,, 2002; Foley et al., 1998,
Kimura et al., 2001). Various studies have proposed that
Intima-Media Thickness (IMT) and
plaques in great arteries are good indicators of a more
generalized atherosclerosis (Alace and Khademloo, 2008;
Taarin et al., 2006, Leskinen et al., 2003; Rossi et al., 1996,
Mikovanov et al., 2006). Indeed, ultrasonography of the
carotid arteries 1s claimed to be a fundamental technique

atherosclerotic

for noninvasive investigation of atherosclerosis in
hemodialysis patients (Gelev et al., 2008). There are a
limited number of studies in the literature investigated
IMT of carotid arteries in dialytic patients (Mutluay ef af.,
2010; Bevc et al, 2008, Karaman et al., 2008) with
heterogeneous consequences due to flawed methodology
or small sample sizes. The cumrent study aumed at

comparing the IMT of common carotid artery (CCIMT), as
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well as frequency of cases with atherosclerotic plaques in
common carotid artery and bulb in CKD patients on
hemodialysis and normal controls.

MATERIALS AND METHODS

Study design and patients: In this case-control setting, 89
outpatients on hemodialysis (age>40 vear), as the case
group and 90 age and sex-matched healthy subjects, as
the control group, were recruited in Tmam Reza Teaching
Centre, Tabriz, Tran from April 2010 to JTune 2011. Written
consent was obtained from each participant. This study
was approved by the ethics committee of Tabriz
University of Medical Obese  patients
(body mass index = 30), cases with Diabetes Mellitus
(DM), mineral bone disease, or underlying coronary artery
disease and cigarette smokers were excluded. Finally 48
dialytic patients and 46 controls were left.

Sciences.

Color doppler ultrasound: All subjects were evaluated by
a single skilled radiologist specialized in Doppler
ultrasonography of the vascular system and the CCTMT
was calculated. The sonographist was blind to the
grouping of subjects. Sonographic assessment was
performed by using Aloka ProSound SSD 3300 plus color
Doppler machine (Aloka Ltd., Tokyo, Japan) equipped
with a 7MHz linear array transducer with subjects in
supine position with a slight extension of the neck. All
scans were performed by one observer following the
method described by Geroulakos et al. (1994). The
anterior and lateral projections were employed for imaging
the common carotid artery longitudinally. The CCTMT was
evaluated at the wall of artery 2 cm proxmmal to its
bifurcation. Internal carotid artery and the bulb of carotid
artery were also included in this assessment. The images
were zoomed to standard size. The CCIMT was calculated
as the mean value of six individual measurements at
different points within the region of interest
(three for the right and three for the left artery). A plaque
was defined as a distinct area with an IMT exceeding
twice that of neighboring sites. The CCIMT was
calculated m both sides and the maximum reading was
also considered as a parameter for evaluation.

Variables: Serum levels of triglyceride, High-Density
Lipoprotein (HDL), Low-Density Lipoprotein (L.DL), total
cholesterol, Fasting Sugar (FBS), ionized -calcium,
inorgame  phosphorus, non-fasting
homocysteine, phosphate, albumin and C-Reactive
Protein (CRP) were measured. The serum level of CRP=6
mg dL~' was considered as elevated. Hypertension was

magnesium,
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defined as a systolic blood presswe >140 mmHg and a
diastolic blood pressure >90 mmHg.

Statistical analysis: The SPSS software ver. 150
employed for analysis. Differences between the groups
regarding the numerical data were assessed using the
unpaired t test. Differences between the groups regarding
the categorical data were assessed using the Chi-square
test or the Fisher’s exact test. Stepwise logistic regression
analysis was used to identify the independent factors
among the parameters. p-values<0.05 were considered
statistically significant.

RESULTS

Mean  duration of CKD was 157.40429.23
(range: 142-165) months and mean duration of
hemodialysis was 43.52+9.92 (range: 54-63) months.
Patients in the case and control groups were matched for
age, gender, serum levels of triglyceride, total cholesterol,
LDL, FBS, ionized calcium, inorganic phosphorus and
magnesium, as well as the history of taking lipid/lowering
agents. Percentage of hypertensive patients (29.2 vs. 0%;
p<0.001) and those with elevated serum CRP (35.4 vs.
4.3%; p<0.001), as well as mean levels of serum
non-fasting homocysteine (46.22+6.20 vs. 10.21+5.23 nmol
mL ™", p<0.001), phosphate (2.29+1 .38 vs. 0.6=0.02 nmol
L~ p<0.001), creatinine (3.83+0.72 vs. 0.9220.22mg dL.";
p<0.001) and BUN (87.56+14.61 vs. 9.75+2.24 mg dL. ",
p<0.001) were sigmficantly higher n the case group. On
the other hand, mean levels of serum HDL (49.22+48.27 vs.
52.5247.01 mg dL. 7", p = 0.04), hemoglobin (10.09+1.54 vs.
117141 84 mg dL. ™", p = 0.03), hematocrit (35.45+4.12 vs.
43.02+4.52%; p<0.001) and albumin (3.34+1.04 wvs.
5.3440.67 g dL.7") were significantly higher in the controls
(Table 1).

Based on Doppler ultrasound findings, mean right
CCIMT (0.7140.11 vs. 0.66+0.09 mm; p<0.01), left CCIMT
(0.714£0.10 vs. 0.63+0.08 mm; p<0.001) and maximum
CCIMT (0.73+0.15 vs. 0.68+0.08 mm; p = 0.01) were
significantly higher in the case group. Accordingly,
atherosclerotic plaques were more frequent in cases in
right CCA (20.8 vs. 0%; p<0.001) and in left CCA (16.7 vs.
0%; p<0.001). Frequency of patients with atherosclerotic
plaques in carotid bulbs was not significantly different
between case and controls (Table 2).

To detect independent variables with significant
difference between the case and control groups, the
significant parameters in univariate tests mentioned
before were analyzed in a proper multivariate model.
Based on the outcomes of this model, there was no
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Table 1: Characteristics and general data of subjects in the case and control groups

Variables Case (n=48) Control (n = 46) p-value
Age (year) 52.52+9.81 (47-71) 51.1148.01¢42-75) 046
Gender (male) 22 (45.8) 25(54.3) 0.71
Hypertension 14 (29.2) 00 <0.001
Serum triglyceride (mg dl.™") 105.52+14.53 (96-298) 109.32+12.82 (81-202) 0.06
Serum total cholesterol (mg dL™!) 117.71+43.72 (97-221) 117.91+30.61 (83-191) 0.98
Serum low-density lipoprotein (mg dL™!) 119.51+22.08 (101-206) 113.06+13.24 (77-173) 040
Serumn high-density lipoprotein (mg dL™) 49.224827 (11-67) 52.52+7.01 (23-89) 0.04
Lipid/cholesterol lowering agents 1(8.3) 0 () 0117
Serumn fasting blood sugar (mg dL™) 85.86:£34.22 (65-265) 85.14+21.82 (58-211) 0.74
Hemoglobin {(mg dI.™) 10.09+3.54 (8-13) 11.7143.84 (9-18) 0.03
Hematocrit (%0) 35.45+6.12 (24-39) 43.02+4.52 (36-48) <0.001
Serum non-fasting homocysteine (nmol mL™) 46.22+6.20 (37-53) 10.2145.23 (3-21) <0.001
Serum ionized calciumn (mg dL™") 5.34+1.07 (2.6-8.8) 5.01£1.21 (3.8-8.9) 0.08
Serum inorganic phosphorus (mg dL.™!) 4.35+1.65 (2.5-6.9) 3.97+0.12 (1.3-4.9) 0.65
Serumn phosphate (mmol L™ 2.29+1.38 (1.8-4.1) 0.60.02 (0.1-0.89) <0.001
Serun magnesium (mg dL.™!) 2.34+0.34 (2.1-2.98) 2.04+40.43 (1.9-2.56) 0.35
Serum creatinine (mg dL™") 3.83+0.72 (3.1-4.9) 0.92+0.22 (0.3-1.1) <0.001
Blood urea nitrogen (mg dL.™%) B7.5614.61 (56-113) 9.75+2.24 (7.4-14.8) <0.001
Serun albumnin (g dL.™") 3.34£1.04 (1.9-3.8) 5.3440.67 (4.9-5.8) <0.001
Elevated serum C-reactive protein level 17 (35.4) 2043 <0.001
Data presented as meantstandard deviation (range) and frequency (%) p = 0.05 is statistically significant

Table 2: Findings of color Doppler ultrasound in the case and control groups

Variables Case (n=48) Control (n = 46) p-value OR 95% CT*
Right CCIMT (rrum) 0.71£0.11 (0.56-0.78) 0.66£0.09 (0.45-0.68) <0.01 - -

Left CCIMT (mm) 0.71+0.10 (0.55-0.79) 0.63+0.08 (0.43-0.65) <0.001 - -
Maximum CCIMT (mm) 0.73+0.15 (0.68-0.79) 0.68+0.09 (0.64-0.68) 0.01 - -
Atherosclerotic plaque in right CCA 10(20.8) 0(0) <0.001 1.3 1.1-1.5
Atherosclerotic plaque in left CCA 8(16.7) 0(0) <0.001 1.3 1.1-1.4
Atherosclerotic plaque in right bulb 1(8.3) 0(0) 0.1 1.1 1-1.2
Atherosclerotic plaque in left bulb 2(4.2) 0(0) 0.5 1 1-1.1

Data presented as Mean+SD (range) and number (%0), CCA: Common Carotid Artery, CCMIT Common Carotid Intima-Media Thickness, CL: Confidence

Tnterval, OR: Odds Ratio. *For the odd ratio. p<0.05 is statistically significant

Table 3: Outcomes of multivariate model in evaluation of variables with significant difference between the case and controls

Variables p-value Exp (B)
Hypertension 0.26 0.54
Senun high-density lipoprotein 0.09 0.34
Serumn non-fasting homocysteine 0.03 1.11
Senun phosphate 0.02 1.00
Elevated serum C-reactive protein level 0.12 0.05
Serum albumin 0.56 0.54
Maximum CCIMT 0.03 0.98

CCMIT: Common Carotid Tntima-Media Thickness. Senum non-fasting homocysteine and phosphate and maxirmun CCIMT are independent variables with

significant difference between the case and control groups

significant difference between the two groups in terms of
hypertension, as well as mean levels of serum HDL, CRP
and albumm. On the other hand, serum non-fasting
homocysteine (p = 0.03) and phosphate (p = 0.02), as well
as maximum CCIMT (p = 0.03) were independently and
significantly different between the case and control
groups (Table 3).

DISCUSSION

Based on results of current study, atherosclerosis 1s
amajor finding in patients on hemodialysis. This is in line
with previous  reports indicating that process of
atherosclerosis i1s accelerated in CKD (Balsam et al., 2009).
To mvestigate atherosclerotic changes m different
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settings, a non-invasive, simple and reproducible method
1s proffered. Our study showed that this could be attained
by using color Doppler ultrasound and measurement of
CCIMT in patients with CKD and under hemodialysis.
Accordingly, the mean CCIMT was significantly higher in
these patients comparing with than n a group of
well-matched healthy counterparts (0.73 vs. 0.68 mm,
p = 0.01). This finding is in conformity with previous
studies on CKD patients, reporting a wide range for
CCIMT from 0.6 to 2 mm (Kumar et af., 2009, Prasad et ai.,
2009, Balci et al., 2010). Methodological shortcomings
such as absences of a well-matched healthy control,
errors in IMT readings and small sample size may justify
thus available heterogeneity. In addition, it should be born
in mind that despite a significant progression made over
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the past years on recognizing pathophysiology of
atherosclerosis in CKD patients, the exact mechamsm 1s
not well established yet. Age (Kuang et al, 2009),
diabetes mellitus (Sanchez-Alvarez et al., 2010),
hypertension (Ekart et «f, 2009), duration of
dialysis (Nakamura et al, 2010), high serum CRP
(Tirmenstajn-Jankovic and Dimkovie, 2005) low serum
albumin (Sezer et «l., 2002), high serum calcium
(Ohya et al., 2010), high serum phosphate (Tshimura et al.,
2005), low serum magnesium (Turgut et al, 2008),
abnormal lipid profile (Zumrutdal et al., 2007) and high
serum homocysteine (Suliman et al., 2006) have been
proposed as underlying contributors of increased risk of
atherosclerosis m these patients. In line with some of
these reports, we also showed a sigmficant difference
between the case and control groups in terms of FBS,
hypertension and serum phosphate,
creatimne. However, other factors were comparable
between the two groups. To the best of our knowledge,
there is not a well-controlled methodologically appropriate
study with enough sample size investigating role of these
parameters altogether. Accordingly, owr findings could be
regarded umque in this regard; because they all were
entered in a multivariate model, comparing two groups of
participants  including dialytic patients and normal

albumin and

subjects. Based on the final outcome, maximum CCIMT
was and independent indicator of atherosclerosis in
patients on hemodialysis (Exp (B) = 0.98). In another
example, Pascazio et al. (1996) showed that the mumber of
patients with carotid plaques were significantly higher n
the uremic dialytic cases vs. normal controls. However,
they did not report a significant difference in term of
atheromatous lesions in hemodialysis patients compared
with control subjects. In contrast with this report,
atherosclerotic changes in common carotid artery were
significantly more common and more advanced in the case
than in control group in the present study. This conflict
may be attributed to lack of multivariate analysis in
Pascazio’s series. As mentioned earlier, there 1s no similar
study to test our finding in comparison with. So, further
studies are recommended to be carried out n this regard
for a definite conclusion could be drawn.

CONCLUSION

According to present findings CCTMT is an indicator
of atherosclerosis in dialytic patients due to CKD.
Comparing with healthy counterparts, atherosclerosis was
significantly and independent of other traditional risk
factors more advanced in the case group, indicating a
possible role for hemodialysis.
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