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Abstract

Objectives: Cardiovascular events are a major cause
of mortality and morbidity of chronic renal failure
causing 40% to 50% of all deaths in these patients.
The intima-media thickness of the common carotid
artery is used to predict atherosclerosis. To assess
the effect of early renal transplant on the vascular
atherosclerosis, we compared the common carotid
intima-media thickness between dialysis and
transplant patients.

Materials and Methods: In a cross-sectional study,
75 kidney transplant recipients and 75 dialysis
patients were assessed in a subspecialized renal
and urethral diseases center from April 2008 to
March 2010. Demographic characteristics, smoking
history, and information on comorbid and kidney
diseases were recorded through a checklist. The
common carotid intima-media thickness was
measured using ultrasonography. Spearman's rank
correlation coefficient was used to find any
correlation between duration of dialysis and intima-
media thickness.

Results: In all, 79 patients (53%) were male. The
mean age (SD) of dialysis and transplant patients
was 55 + 11 and 51 + 15 years. The 2 groups had no
statistically significant sex or age differences
(P > .05). Considering all patients, 54 (36%) had a
history of hypertension, 30 (20%) had a history of
diabetes mellitus, 15 (10%) had a history of
hyperlipidemia, and 41 (27.3%) had a history of
smoking. There were no significant differences
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between the 2 groups when these variables were
considered (P > .05). The mean thickness of the
common carotid intima-media was 1.2 mm
(0.35 mm) in the dialysis patients, which was higher
compared with 0.73 mm (0.18 mm) in the
transplanted group (P < .001). There was a
significant correlation between duration of dialysis
and intima-media thickness (P <.001, r=0.882) in the
dialysis group.

Conclusions: Common carotid intima-media
thickness in dialysis patients is significantly higher
compared with kidney transplant recipients. Carotid
intima-media thickness increases by prolongation of
dialysis duration.
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Hemodialysis, Kidney grafting

Introduction

Cardiovascular events are the major causes of
mortality and morbidity in patients with advanced
renal failure causing more than 40% to 50% of
mortalities in these patients.! As a result, predicting
the incidence of cardiovascular events in these
patients is of great importance. Currently, the intima-
media thickness of common carotid artery is quite a
well-known index of atherosclerosis. Compared with
coronary angiography (the criterion standard in
evaluating coronary artery atherosclerosis), intima-
media thickness is a noninvasive, easy to tolerate for
the patient, and repeatable method. However, there
is a direct association between the risk of
cardiovascular or cerebrovascular events and intima-
media thickness; its dynamic changes (according to
the patient metabolic status) make it as a good tool
for evaluating the efficacy of therapeutic
interventions in subsequent follow-ups.! 2 According
to the results of many studies, intima-media thickness
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is accepted (like the normal population) as an
independent predicting factor for mortality due to
cardiovascular events in dialysis patients.>> Renal
failure, using different mechanisms (including
hypertension, calcium and phosphorus metabolism
disorders, hyperlipidemia) leads to intensified and
accelerated atherosclerotic process in the body, and,
as a result, increased risk of cardiac and cerebral
vascular accidents that increase intima-media
thickness of the carotid artery as a reliable sign.®

On the other hand, in patients with renal failure of
various causes, transplant is better done as soon as
possible, because it has been proven that
cardiovascular morbidity in patients with renal
failure is 20 times that of the normal population.” 8
Besides, correcting the metabolic status of the body
by applying effective treatments such as kidney
transplant can at least modify the cardiovascular
damage process. Lima and associates showed a
significant decrease in carotid intima-media thickness
in a 3-year follow-up of 22 adult transplant patients.’
Other studies have shown that kidney transplant
could reduce patient intima-media thickness by
modifying blood pressure and glucose.!? Considering
the previously mentioned facts, and to evaluate the
effect of kidney transplant on vascular atherosclerosis
and the accompanying mortality, this study sought to
compare common carotid artery intima-media
thickness (as an index of vascular atherosclerosis and
arisk indicator for cardiovascular disease) in 2 groups
of patients; a group of patients under dialysis for a
certain duration, and a group of kidney transplant
recipients.

Materials and Methods

The study protocol was approved by the Institutional
Ethics Committee of the Iran University of Medical
Sciences and follows the ethical guidelines of the
1975 Helsinki Declaration. After written, informed
consent was obtained, a cross-sectional study was
performed on dialysis patients and kidney transplant
recipients referred to Shahid Hasheminejad Sub-
specialized Renal and Urethral Diseases Center,
Tehran, Iran, for dialysis or postoperative follow-up
during 2008-2010. The center is a referral one,
accepting patients with renal failure for dialysis or
kidney transplant. The majority of the transplant
patients refer to the nephrology clinic at regular
intervals (varying from 6 to 12 months) for follow-

up.

Among patients receiving kidney transplant
before this time, we studied patients referred to us
for follow-up during April 2008 to March 2010; 75
patients were included. For the control group, we
studied 75 dialysis patients by randomly choosing
from the available patients” data in the Hasheminejad
center data set.

A check list was completed to evaluate the
demographic characteristics (age and sex), history of
smoking, comorbidities (hypertension, hyper-
lipidemia, diabetes mellitus), and renal disease
including cause of renal failure, dialysis duration,
and duration after transplant. Intima-media
thickness of the common carotid artery was
measured in all patients.

Determination of the common carotid intima-
media thickness

Using a high-resolution ultrasonography machine
(Technus MP; Esaote, Genoa, Italy) provided us with
a variable band 4- to 13-MHz linear array transducer
(model LA 523), the common carotid artery was
scanned for each subject in the supine position with
the neck semiextended. All measurements were done
blindly by the same operator. The distance from the
leading edge of the first echogenic line, to the leading
edge of the second echogenic line, at the level of the
lower segment of the common carotid artery, 0.5, 1,
and 2 cm distant from where the diastolic phase
bifurcates was measured bilaterally. Intima-media
thickness was considered as the mean of 6
measurements (3 on each side). No measurements
were made on the sites where a plaque existed.

Statistical Analyses

Statistical analyses were performed with SPSS
software for Windows (Statistical Product and
Service Solutions, version 16.0, SSPS Inc, Chicago, IL,
USA). Qualitative variables were expressed as
frequency and relative frequency (expressed in
percentages). To test distribution normality, a
Kolmogorov-Smirnov 1-sample test was used;
quantitative variables with normal distribution range
included age and intima-media thickness, while
dialysis and transplant duration were nonnormal
distributed quantitative variables. To compare the 2
groups for comorbidities (history of hypertension,
hyperlipidemia, and diabetes mellitus), history of
smoking, and increased risk of stroke and
cardiovascular disease, the chi-square test was used.
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As duration of dialysis and intima-media thickness
were not distributed normally, Spearman's rank
correlation coefficient was used for any correlation
between these 2 variables.

Results

A total of 150 patients (75 dialysis and 75 transplant
patients) were included in the study. There was no
statistically significant difference in age, sex,
hypertension, diabetes mellitus, and smoking
between the 2 groups (P > .05), but there was a
significant difference in serum calcium, phosphate,
and systolic blood pressure between the 2 groups
(Table 1).

Table 1. Basic clinical characteristic of the 2 groups.

Group Dialysis Transplant P value
No. of patients 75 75 _
Male/female 37/38 42/33 5
Age (y) 55+ 11 5115 .06
Smoker (n) 17 24 .28
Hypertension 26 28 .78
Systolic BP (mm Hg) 128+ 13 123+ 15 .030*
Diastolic BP (mm Hg) 75+ 16 73+ 11 373
Diabetes mellitus (n) 13 17 49
Hyperlipidemia (n) 9 6 48
Total cholesterol (mmol/L)  4.13 £ 0.96 3.95+0.98 258
HDL (mmol/L) 0.91+0.90 0.67 +0.96 116
LDL (mmol/L) 2.45+0.69 2.58+0.61 224
Triglyceride (mmol/L) 1.59 £ 0.83 1.49 £0.77 446
Serum calcium (mmol/L) 2.26+0.15 2.21+£0.125 .028*
Serum phosphate (mmol/L) 1.58 £0.38 1.20+£0.48 <.001*

*P < .05 significant
Abbreviations: BP, blood pressure; HDL, high-density lipoprotein; LDL,
low-density lipoprotein

The most-common causes of chronic renal failure
in all patients were hypertension (34, 24.2%) and
diabetes mellitus (24, 17.1%). For 17 dialysis patients
(22.6%) and 12 transplant patients (18.4%), the cause
of chronic renal failure was unknown (Table 2).

Mean duration of dialysis for dialysis patients
and transplant patients before transplant was
66 + 14 months and 11 + 6.5 months, which was
significantly more in the dialysis group compared
with the transplant group (P < .001). The mean
duration of renal transplant was 60 + 17 months.
Mean duration of renal replacement therapy in the 2
groups was not significantly different (P > .05).
Serum analysis before measuring intima-media
thickness showed a serum creatinine of 123.6 +70.72
pmol/L in the transplant group and 689.52 + 194.48
pmol /L in the dialysis group (P < .001).

The mean common carotid intima-media
thickness was 0.8 + 0.26 mm in all patients, which
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Table 2. Causes of chronic renal failure in dialysis and transplant
recipients.

Cause of CRF Dialysis patients Transplant patients  Total

n (%) n (%) n (%)
HTN 20 (26.6) 16 (21.5) 36 (24)
Diabetes mellitus 14 (18.6) 11 (15.3) 25 (16.6)
Infection 4(5.3) 3(4.6) 7 (5)
Glomerulonephritis 2(2.6) 7(10.7) 9 (6.4)
Kidney stones 5(6.6) 2 (3) 7 (5)
Reflux nephropathy 2(2.6) 5(7.6) 7 (5)
Congenital disease 1(1.3) 2(3) 3(2.1)
Hereditary diseases - 2(3) 2(1.4)
Alport syndrome 2(3) 2(1.4)
Preeclampsia 1(1.3) 1(1.5) 2(1.4)
Surgery 2 (2.6) 2(1.4)
PKD 4(5.2) 2(3) 4(2.8)
Lupus 2(2.6) 1(1.5) 3(2.1)
Ureteral stricture 1(1.3) 1(0.7)
Renal artery stenosis - 1(1.5) 1(0.7)
Body building drugs - 1(1.5) 1(0.7)
Unknown 17 (26.6) 19 (25.3) 36 (24)

Abbreviations: CRE, Chronic renal failure; HTN, hypertension; PKD,
polycystic kidney disease

was significantly higher in dialysis patients
(1.2 + 0.35 mm) than in transplanted patients
0.73 +0.18 (P <.001). Also, in data analysis, there was
a significantly high correlation between duration of
dialysis and intima-media thickness in the dialysis
group (P < .001, r=0.882).

Discussion

Sonographic intima-media thickness measurement
in carotid arteries is considered a tool in evaluating
silent atherosclerosis in chronic, renal-failure
patients.!>14 Because some studies considered carotid
artery intima-media thickness of more than 0.8 mm
abnormal,'> most dialysis patients in this study had
an abnormal carotid artery intima-media thickness,
and thus, a higher risk of cardiovascular disease.
Besides, we demonstrated that increased dialysis
duration is associated with higher intima-media
thickness. Studies on carotid artery intima-media
thickness in hemodialysis patients, when compared
with healthy individuals, show that level of this
index was higher in dialysis patients.!® In children
with chronic kidney disease, increased carotid artery
intima-media thickness occurred early in the course
of the disease.® However, the type of dialysis did not
influence carotid artery intima-media thickness,
resulting in an increased intima-media thickness in
both types (hemodialysis and stable peritoneal
dialysis). 17 As expected, serum creatinine level was
higher in dialysis patients compared with transplant
ones. On the other hand, a larger carotid artery
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intima-media thickness is predicted with a lower
creatinine clearance; hence, a creatinine clearance
level less than 75 mL per minute at 1.73 m? of the
body surface, and a change in carotid artery intima-
media thickness more than 0.008 mm per year, is
associated with a worse prognosis. In other words,
reduced kidney function is strongly associated with a
faster change in carotid artery intima-media thickness;
while both of these factors are associated with future
cardiovascular events.*

Cardiovascular diseases are the most-important
causes of mortality and morbidity in patients with
chronic kidney disease. High prevalence of
cardiovascular disorders in these patients at the
beginning of kidney replacement therapies showed
the presence of cardiovascular disease risk factors in
early stages of chronic kidney disease; therefore,
professionals must consider early diagnosis and
treatment of amendable risk factors during the first
patient visit.!8

Subclinical atherosclerosis occurs in early stages of
renal function reduction. Disease progression occurs
as a result of several cardiovascular conditions,
including increased volume (secondary to sodium
retention), high blood pressure, insulin resistance, and
glucose intolerance. Also, patients with decreased
renal function have abnormal vascular biological
characteristics. As a result, progress in renal disease
results in a series of disruptions including oxidative
stress, exacerbated inflammation (increased C-reactive
protein), and increased serum levels of homocysteine;
microalbuminuria and proteinuria are also predictive
for cardiovascular disease in end-stage renal disease
patients. In a study on elderly patients, impaired renal
function also was accompanied by harmful changes
in the arterial structure?; the changes occurred early in
the course of worsening of renal disease and were
prognostic of cardiovascular consequences.

Cardiovascular disorders in dialysis patients are
multifactorial including uremia, increased volume,
arteriovenous fistula (resulting in increased preload)
and high blood pressure (resulting in increased
afterload). Uremic toxins including increased amounts
of parathyroid hormone and hemodialysis also can
cause myocardial dysfunction.! 20 Hemodialysis or
peritoneal dialysis are unable to fully remove uremic
toxins and reduce cardiovascular risk factors. Uremic
cardiomyopathy characterized with impaired systolic
function, and left ventricular hypertrophy or
dilatation, is a strong predictor of heart failure,?"" 22 and

many researchers have reported that many dialysis
patients may have electrocardiographic evidence of
congestive cardiomyopathy and left ventricular
hypertrophy.?® 24 Accelerated atherosclerosis and
vascular calcification increased mortality and
morbidity in dialysis patients.!” By starting dialysis,
uremic status and dialysis-related risk factors intensify
cardiovascular disorders (as a result of superimposed
stress of increased intravascular volume on the
myocardial muscle). Left ventricle constructional and
functional abnormalities commonly occur in patients
with chronic renal failure; high blood pressure is the
main factor in left ventricular hypertrophy, while
other factors (eg, anemia, increased volume, poor
nutrition, secondary hyperparathyroidism, ischemic
heart disease, arteriovenous fistula, and myocardial
calcification) also are important.?®

In this study, the carotid artery intima-media
thickness in transplant patients was significantly less
than in dialysis patients, and this was associated with
low risk of stroke and cardiovascular disease in the
future. Various studies conducted in this area proved
a reduction in the carotid artery intima-media
thickness accompanying kidney transplant, and in
children with chronic kidney disease, increased
carotid artery intima-media thickness may be, to some
extent, reversible after transplant.1”

Cardiovascular mortality after kidney transplant
long after surgery (in patients with a good
performance) was low (in the absence of risk factors
for cardiovascular disease such as diabetes and
hypertension).? These findings indicate that
cardiovascular mortality risk after kidney transplant
gradually decreases, unlike the highly increased
mortality in dialysis patients. Therefore, the function
of transplanted kidney is discussed as a major risk
factor for cardiovascular disease and resultant
mortality,”” and decreased kidney function and
gradual loss are expected to increase the risk of
cardiovascular disease over the time.?® Regarding
progressive  arteriopathy  associated  with
inflammation?® and calcification® in dialysis patients
and underlying vasculopathy mechanisms, due to
reduced or lack of kidney function, it is not surprising
that the risk of cardiovascular disease and the
resultant death is extremely less in dialysis patients in
the transplant patients who partially recovered their
renal function.

As recently indicated, mild decrease in renal
function is associated with increased risk of



30 Daryoush Saedi et al/Experimental and Clinical Transplantation (2011) 1: 26-31

cardiovascular mortality,3! and increased serum
creatinine level is one of the strongest predictors of
mortality.®?> As a result, kidney transplant has
important advantages compared with long-term
dialysis, especially in patient survival.®® Although
postoperative drugs are also added to previous
cardiovascular risk factors, increased patient survival
indicates the effective role of kidney transplant in
control of cardiovascular disease.

High blood pressure, diastolic interventricular
septum, posterior left ventricular wall thickness, and
low ejection fraction existing before kidney transplant,
regress with a successful transplant. Also, significant
improvement in cardiovascular function occurred
owing to increased ejection fraction and improved
fractional shortening.® This might be a result of
improved cardiac metabolism owing to elimination of
uremic toxins in the circulation. Autopsy showed a
less intermyocardiocytic fibrosis in transplant patients
compared with advanced dialysis patients, suggesting
an improved cardiac condition after correction of a
uremic state.> Hyperparathyroidism and hypo-
calcemia are of the main risk factors of uremic
cardiomyopathy.® 37 After successful kidney
transplant, hyperparathyroidism is significantly
reduced. Improved anemia after kidney transplant
can improve cardiac function as the treatment of
anemia in dialysis patients with erythropoietin may
reduce the cardiovascular disease.?”

Although a reduction in cardiovascular events
after transplant as a result of improved uremic state,
decreased platelet activity and improved endothelial
and microfilament function is expected;3#40 however,
a combination of other factors (eg, smoking,
hypertension, diabetes mellitus, anemia, and physical
inactivity) accompanied by transplant-specific risk
factors (including immunosuppressive drugs
[cyclosporine]), tends to overcome new-onset,
posttransplant ~ diabetes.* 4 As a result,
atherosclerosis remains one of the early posttransplant
events in asymptomatic patients and those with major
risk factors (including cardiovascular disease,
diabetes, and smoking) which makes early diagnosis
and treatment in these patients of great importance.!!

Conclusions

Common carotid intima-media thickness is higher in
dialysis patients than it is in transplant patients,
which was independent of age, sex, or other effects.
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Prolonged dialysis duration is associated with
increased carotid intima-media thickness. Because
higher common carotid intima-media thickness is
predictive of atherosclerosis and is associated with
higher risk of stroke and cardiovascular disease,
special attention should be paid to the metabolic
status of dialysis patients and transplant must be
considered as soon as possible.
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