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Summary
Background: Endothelial dysfunction can be considered an early atherogenic event.

Objective: To assess atherosclerosis in renal transplanted patients through the coronary calcium score, carotid duplex
scan and brachial reactivity through ultrasonography.

Methods: We assessed 30 renal transplanted male patients with stable renal function, with a mean age of 41.3 years.

Results: The detection of the atherosclerotic load in this population was very significant when the brachial reactivity
technique was used (86.7%); it was less frequent when based on the presence of carotid plaque (33.3%) or the coronary
calcium score (20%). The carotid plaque was considered when the thickness was > 12 mm. The coronary calcium score
was abnormal when > 80 according to the Agatston scale, being observed in a low percentage of patients (21.7%),
possibly due to the fact that the tomography is not the ideal method to detect atherosclerosis in renal patients, as it
does not differentiates intimal calcifications of the medial layer. The adequate clinical control, the low age range and
the factors related to the time of pre-transplant dialysis or the anti-inflammatory effect of the post-transplant drugs can
delay the onset of the calcifications.

Conclusion: The evaluation of the atherosclerotic load through the carotid duplex scan (33,3%) and the coronary calcium
score (20%) was not frequent; there was no correlation with the high rate of endothelial dysfunction detection observed

with the brachial reactivity assessment (86.7%). (Arq Bras Cardiol 2009;92(5):339-344)
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Introduction

The vascular endothelium (VE) is a physical barrier that
separates the blood from the tissues, capable of releasing
vasoconstrictor and vasodilating substances, maintaining the
vascular homeostasis'.

The endothelial dysfunction (ED) can be understood
as a disequilibrium between the factors that relax and
constrict the vascular endothelium. The ED can be seen
as an early atherogenesis event, being considered essential
in the physiopathology of cardiovascular events and in the
atherosclerotic process?. Several tests can be used aiming at
the evaluation of the endothelial function (EF) and the early
detection of atherosclerosis®.

The evaluation of atherosclerosis must be initiated by the
physical examination and then complemented by specialized
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tests, such as the assessment of the cervical and peripheral
arteries and the study of the coronary calcium through a multi-
detector row chest computed tomography (MDCT)*.

The investigation of the carotid atherosclerosis uses the
vascular color-flow duplex scan (DSC) aiming at the detection
of carotid plaques™®. The evaluation of the coronary calcium
score (CCS) performed through MDCT is another effective
cardiovascular disease investigation method in asymptomatic
patients. The normal CCS is zero and four categories of
calcification are established: 1 to 10 = minimal; 11 to 100 =
mild; 101 to 400 = moderate and > 400 = significant. Finally,
among the methods of early atherosclerosis assessment, one
must cite the brachial reactivity (BR) assessment technique,
performed by ultrasound. This method was described by
Celemajer et al?, and it is based on the capacity of the
vessels to respond to a mechanical stimulus, regulate their
tonus and redistribute their flow after the cessation of the
stimulus, inferring the degree of endothelial dysfunction of
the vessel”.

This is a non-invasive test’ that evaluates the percentage of
dilation of the brachial artery before and after clamping with
a blood pressure cuff (Aneroid Sphygmomanometer). When
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this percentage is > 10%, it is considered normal, i.e., the
endothelial function is preserved. There are current directives
with the technique normalizations”. However, few studies have
comparatively investigated the different methods of assessment
of early atherosclerosis.

The objective of this study was to evaluate the atherosclerotic
load of renal transplanted patients through CCS, the carotid
DSC and BR through ultrasound.

Methods

Thirty male renal transplanted patients were randomly
selected, all with stable renal function; seven had received
cadaver kidneys and the others received kidneys from living
donors. Mean age was 41.3 years (ranging from 19 to 59 years)
and the body mass index was estimated as ranging from 30 to
35 in 53.3% of the patients, with the remaining presenting a
BMI < 30. All the study participants had more than 6 months
post-transplant, to exclude the cases of acute rejection. Table
1 summarizes the clinical and laboratory data of the studied
population. All patients were submitted to the following
tests: carotid DSC to assess carotid plaques, chest MDCT to
determine the CCS and the BR test to evaluate EF.

The carotid DSC was carried out to evaluate the presence
of plaques®; the latter was considered when the thickness
of the carotid plaque was > 12 mm and both carotids were
analyzed as extensively as possible.

The chest CT was carried out in a Somaton plus volume
zoom (Siemens, Germany) equipment, with four detectors,
and the cutoff was established as abnormal when > 80 at the
Agatston scale, based on the review article on atherothrombosis
by Moreno and Furster?, which demonstrated that CCS > 80,
when associated to the intermediate group at the Framingham's
scale, increased the pre-test probability of mortality of 10% in
10 years to 27%. It must be remembered that this test does
not use any type of contrast.

The BR technique used the same echocardiogram device
employed for the carotid duplex scan, in addition to cuffs for
arterial compression, electrodes and ultrasound conducting gel,
following the directives by American College of Cardiology’.
All patients had been fasting for at least 8 hours. Regarding
the technical considerations of the test, a cuff pressure of 50
mmHg above the maximum arterial pressure was used for a
period of 5 minutes. Blood pressure was measured manually.
Only one case had a functioning arteriovenous fistula and
the contralateral arm that did not have the fistula was used
in the assessment. There were no significant complications,
except for complaints of numbness sensation in the examined
arm, which was reported by all individuals submitted to the
examination and that completely disappeared after the cuff
was deflated. Six patients reported headaches after the use of
sublingual nitrate and only one individual needed dipyrone
for headache relief.

All study participants signed the free and informed consent
form; seven patients refused to undergo the tomography
scan for CCS measurement. The study was approved by the
Ethics Committee in Research of our institution. The statistical
analysis was carried out using descriptive measures for
sample characterization, such as means, standard deviations,

minimum and maximum values. The evaluation of endothelial
dysfunction was carried out through the McNemar’s test and
significance level was set at p < 0.05.

Results

The detection of the atherosclerotic load in this population
of renal transplanted patients was significant when the brachial
reactivity technique was used (86.7%) and less frequent when
based on the presence of carotid plaque (33.3%) or the
coronary calcium score (20%).

Table 2 shows that the mean increase in the brachial artery
diameter after the flow-mediated vasodilation is low (6.4%),
which demonstrates endothelial dysfunction; in healthy
patients, values > 10% are expected

Chart 1 demonstrates that most of the patients studied
through the BR technique present a percentage of variation
of the arterial diameter < 10%.

Chart 2 shows the assessment of atherosclerosis in renal
transplanted individuals, comparing the BR, Carotid Plaque
and CCS methods.

Discussion

The present study evaluated the atherosclerotic load of
renal transplanted patients through the coronary calcium
score, the carotid duplex scan and the brachial reactivity
through ultrasound.

Atherosclerosis is a systemic, many times silent and
life-threatening disease and its risk reduction is cost-
effective’®. A careful stratification is necessary, which allows
the identification of groups at higher risk for the disease.
Framingham's score is the one that is usually recommended
and used, which is quite simple and easy to apply. However,
it presents some limitations'"'2. In an attempt to identify the
individuals considered to be at moderate risk, those with a
probability of 10% of having a cardiovascular event within 10
years, some tests have been used such as the carotid DSC,
the CCS and the ischemia induced by provocative tests. It is
important to stress that there are no established directives for
this intermediate risk group™ and that the selection of tests
must be careful and individualized, taking into account the
present risk factors and the family history data.

Chambless et al"* demonstrated that the decrease in BP
and cholesterol levels and the control of smoking habits
delay the evolution of atherosclerosis and the incidence of
coronary events. The ideal marker of atherosclerosis must
be sensitive, preferably non-invasive, correlate with the
cardiovascular event outcome, have good specificity and allow
the differentiation between the presence and the absence of
cardiovascular disease'.

The measurement of the carotid intimal thickening has
been established as an excellent marker in atherosclerosis
detection. Currently, it is recommended that the assessment
take into account the age range, the sex and ethnicity, so that
a parallel between the chronological age and the vascular age
can be established'*'”.

The best cutoff for the CCS is yet to be determined, but
values > 400 have high specificity and correlation with lesions
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Clinical and laboratory data of 30 renal transplanted patients

Descriptive statistics

Variables
Mean sD Minimum 1¢t quart Median 3 quart Maximum

Age (yrs) 413 10.1 19.0 355 41.0 493 59.0
BMI (kg/m?) 253 46 19.1 21.8 241 278 38.8
Glucose 97.9 229 58.0 825 935 116.3 149.0
Urea 393 13.1 19.3 30.0 348 46.5 70.6
Cystatin C 1.35 0.30 0.90 1.16 1.32 1.60 2.08
PCR-T 8.06 26.26 0.13 0.68 1.67 428 144.20
Total cholesterol 191.9 45.6 125.0 165.5 183.0 210.3 367.0
Triglycerides 182.4 104.6 68.0 124.0 147.0 224.8 528.0
HDL 44.1 8.6 320 375 43.0 483 64.0
LDL 110.3 31.1 49.0 89.8 106.5 131.0 197.0
Sodium 140.2 20 137.0 138.8 140.0 1413 145.0
Potassium 442 0.40 3.70 410 4.35 4.70 5.70
Uric acid 6.47 1.20 440 5.85 6.30 7.20 9.40
Clearance 61.5 242 247 427 58.7 80.2 171
RBC 517 0.82 3.33 4.71 4.93 5.65 7.40
Hemoglobin 14.8 2.1 9.9 13.5 14.2 15.9 21.0
Hematocrit 44.9 6.4 31.5 416 433 479 63.9
Von Willebrand (%) 80.5 81.6 10.0 134 46.5 121.4 357.6
Pro-BNP 3141 453.6 10.6 55.7 148.4 292.0 2089.0
Interleukin 6 3.20 4.60 0.40 1.00 1.20 3.78 24.60
Intimal thickness 0.70 0.21 0.40 0.50 0.60 0.90 1.10
Kidney size 1.7 1.0 9.3 1.0 1.8 124 134
Anast flow 925 29.9 51.0 72.0 90.0 101.8 181.3
IR 0.62 0.05 0.51 0.60 0.62 0.65 0.76
Calcium 77.0 179.8 0.0 0.0 0.0 286 750.0
Mean BP 107.0 20.0 73.3 93.3 106.7 17.5 153.3

Descriptive statistics of the diameter of the brachial artery
and post-ischemia variation in male renal transplanted patients
(n=30)

Mean SD Minimum Maximum
Pre-ischemia 045 0.09 0.24 0.64
diameter (mm)
Postischemia 7 009 027 067
diameter (mm)
Variation (%) 64 25 1.7 12.5

Obs: mean percentage variation for 22 healthy “controls” = 11.9%.

> 70% of coronary obstruction. Newman et al* evaluated 414
individuals with a mean age of 79 years and observed that 38%
of them had CCS > 400. Additionally, they demonstrated that
17% of these patients would be considered normal when a
combination of three other methods (ECG, ankle-arm index
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and constant intensity exercise) was used. Even at advanced
ages there is a correlation between coronary calcification and
acute myocardial infarction™.

In the present study, the CCS was considered abnormal
when > 80 at the Agatston scale, being observed in 5 of 23
(21.7%) of the studied patients. This percentage is relatively
low and some possibilities must be mentioned. The first
one is that the tomography may not be the ideal method to
detect atherosclerosis in renal patients due to the incapacity
to differentiate intimal calcifications of atherosclerosis from
medial calcifications, common in renal patients'. Additionally,
the adequate clinical control of the studied patients might
delay the onset of the calcifications. Finally, the young age
range of the group (mean of 41.3 years), the absence of
diabetic patients, the good control of dyslipidemia and arterial
hypertension through medication use, associated to the short
period of time of pre-transplant dialysis (< one year) and the
possible anti-inflammatory effect of the post-transplant drugs
might have been delaying the coronary calcification.
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Brachial artery diameter before and after ischemia in renal
transplanted patients (n=30)
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It is known that the calcification of coronary arteries occurs
only in atherosclerotic arteries and that atherosclerosis is
necessary, but not enough, to cause a coronary event. In renal
patients, some variables can promote different degrees of
coronary calcification, such as the time of the renal disease,
the patients’ age and the disease extension. It is yet to be
determined whether a calcium/phosphorus ratio imbalance,

which might be present in renal patients, could also be an extra
factor that favors the increase in the CCS of these patients®.

The BR test has been used more frequently in research than
as a clinical tool. This is due to some factors, such as the fact
thatitis a new technique, still being validated; it is an operator-
dependent test, with recently established directives that has
been undergoing improvement. It is known that the endothelial
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dysfunction can precede the formation of atheroma plaques
and perhaps the damage in the macrocirculation, which is
evaluated by the BR technique, does not reflect the impact
of the endothelial damage in other organs®'2.

One of the main limitations of this study is the fact that it
is a transversal evaluation. That is, to evaluate the subclinical
atheromatosis, the time of the patients’ exposition to the
risk factors is an important fact. Perhaps the younger age
range of the studied population (mean of 41 years) is a
second limitation. Regarding the methods used, the carotid
intimal thickening and the coronary calcium score should be
evaluated taking into account the age range, the sex and even
the ethnicity. Unfortunately, there are no Tables with these data
in our country. It is also worth mentioning that the brachial
reactivity test is a new, operator-dependent technique and
needs a learning curve.

It is important to mention that cardiovascular disease is the
most important cause of mortality in patients with advanced
chronic renal failure and in those submitted to renal transplant?
and that the detection of a significant atherosclerotic load can
help in the risk stratification of this population.

In conclusion, in this series, the detection of the atherosclerotic
load was more significant in the brachial reactivity test and less
frequent when evaluating the presence of the carotid plaque at the
duplex scan or the coronary calcium score. Considering that this is
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