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Abstract The main aim of the study was to determine the prevalence of vascular calcifications in patients

with chronic kidney disease on dialysis in our population assessed by X-ray. The secondary objectives
were to determine the cardiovascular risk factors associated with the presence of vascular calcifications and to
evaluate the complementary use of the echocardiogram in a cross-sectional, observational, multicentric study. We
included patients with chronic kidney disease on dialysis, age >18 years with at least 3 months of renal replacement
therapy in 8 dialysis centres in Argentina. The degree of vascular calcification was determined using Adragao and
Kauppila scores. The presence of valvular calcifications was established through a trans-thoracic doppler echocardi-
ogram. Univariate and multivariate analysis were undertaken, considering the degree of vascular calcification as the
dependent variable; 443 adult patients were evaluated at 8 centres across 5 provinces in Argentina. The prevalence
of vascular calcifications by the X-rays was 63%, while 73% presented calcifications in hands and pelvis, with an
Adragao score >3, and 60% presented calcifications in the abdominal aorta with a Kauppila score >4. The prevalence
of valvular calcifications: 28%. We have shown a higher rate of vascular calcifications with the use of plain X-rays
when compared to the prevalence of valvular calcifications obtained with echocardiograms. In this regard, valvular
calcifications were present particularly in those patients with a severe level of radiological vascular calcification.
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Resumen Prevalencia y factores asociados a calcificaciones vasculares en pacientes con enfermedad

renal cronica en didlisis. E| objetivo primario del estudio fue determinar la prevalencia de calci-
ficaciones vasculares en pacientes con enfermedad renal crénica (ERC) en didlisis, a través de métodos acce-
sibles y reproducibles. Como objetivo secundario: determinar los factores de riesgo cardiovascular asociados
a la presencia de calcificaciones vasculares y evaluar la utilidad complementaria del ecocardiograma. Fue un
estudio prospectivo, transversal y multicéntrico sobre pacientes prevalentes con ERC en didlisis. Se les reali-
zaron radiografia de columna lumbar, de manos y panoramica de pelvis, para la determinacion de las escalas
de Adragao y Kauppila. La presencia de calcificaciones valvulares fue establecida por ecocardiograma doppler
color transtoracico. Se obtuvieron los datos de 30 variables determinadas para el andlisis uni y multivariado
(regresion logistica) de los factores de riesgo asociados. Se evaluaron 443 pacientes adultos de 8 centros de 5
provincias de la Argentina. La prevalencia de calcificaciones vasculares, determinada por las radiografias, fue
63%. La prevalencia de calcificaciones valvulares fue 28%. Las calcificaciones valvulares estuvieron presentes
en aquellos pacientes con graves calcificaciones radioldgicas. Las calcificaciones estuvieron asociadas a la edad
(>55 afnos), sexo masculino, diabetes, tiempo de didlisis, tabaquismo y la presencia de enfermedad vascular
periférica. Este es el estudio con mayor numero de pacientes evaluados en Latinoamérica. Se encuentra alta
prevalencia de calcificaciones vasculares en Argentina, faciimente medibles con técnicas no invasivas como la
radiografia simple, que resulta més sensible que el ecocardiograma. Ambos estudios deben ser utilizados de
manera complementaria.
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Despite therapeutic and technological advances,
mortality among patients on dialysis remains very high'.
The factors and mechanisms which increase cardiovas-
cular risk in these patients are not entirely known. The
main traditional risk factors are age, diabetes, tobacco,
dyslipidemia and hypertension. However, individually,
these are not enough to account for the increased total
cardiovascular risk and the traditional risk scales which
apply to the general population are not accurate enough
in patients with chronic kidney disease (CKD).

In CKD, malnutrition, inflammation and vascular calci-
fications clearly emerge among the main non-traditional
cardiovascular risk factors. The presence of vascular
calcifications in CKD is closely related to mineral and
bone metabolism alterations. Once established, vascu-
lar calcifications progress with time and are associated
to complications such as acute myocardial infarction,
ischemic cerebrovascular events and peripheral vascular
disease?. A higher prevalence of calcifications in mitral and
aortic valves has also been observed in this population.
The degree of vascular calcifications and the presence
of calcifications in the mitral and aortic valves present a
direct correlation to mortality® .

International guidelines® recommend patients with CKD
to be considered at high cardiovascular risk, underscor-
ing the relevance an played in this setting by accurate
diagnosis of vascular calcifications.

There are several methods to detect vascular calcifica-
tions. The 64-slice multicut computed axial tomography
(CAT) is the gold standard and has proven useful when
quantifying calcifications both in coronary arteries and in
the aorta. However, it is not recommended as a routine
technique since it is a sophisticated technique involving
high costs and radiation exposure®. A simpler method to
diagnose vascular calcifications, which involves less cost
and radiation is the plain X-ray of both hands searching
for calcifications in the radial and/or interdigital arteries;
a pelvic X-ray to study the iliac and/or femoral arteries,
and a side view spine X-ray to identify calcifications in the
abdominal aorta’.

The presence of vascular calcifications in these X-rays
shows a statistically significant correlation with coronary
calcifications diagnosed through CAT®®. Vascular calcifi-
cations are observed in the general population and have
been considered as an aging-related condition®. In the
CKD population, vascular calcifications occur early and
rapidly progress in parallel with its high rate of cardiovas-
cular disease. Goodman et al studied the presence of
coronary calcification through the electron bean computed
tomography technique in patients under 30 years of age
in chronic dialysis and found that 80% of them presented
calcifications in the coronary arteries™®.

The prevalence of vascular calcifications in patients
on dialysis in developing countries such as Argentina is
barely known. Until recently, in Argentina there was not
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free access to the recommended drugs, such as calcium-
free phosphate binders (sevelamer), vitamin D analogues
and calcimimetics, and parathyroidectomy!.

With the purpose of properly evaluating phosphorus
calcium metabolism disorders in CKD patients beyond the
routine biochemical variables, international guidelines rec-
ommend at least one lateral abdominal X-ray to evaluate
lumbar aortic calcification or the use of echocardiography
for the diagnosis of cardiac valve calcifications, regarding
one or the other as a useful and minimally invasive routine
alternatives®. However, the complementary use of these
techniques has not been evaluated, since the employment
of only one of them could result in a sub-diagnosis of extra
skeletal calcifications.

Our main goal was to determine the prevalence of
vascular calcifications in CKD patients on dialysis in our
population by means of the plain X-ray. Our secondary
objectives were to determine the cardiovascular risk fac-
tors associated to the presence of vascular calcifications
and, on the other hand, evaluate the complementary use
of echocardiography.

Materials and methods

Cross-sectional, observational, multicentric study. We included
all prevalent CKD patients on dialysis, age >18 years with at
least 3 months of renal replacement therapy (RRT) in 8 di-
alysis centres in Argentina. An independent ethics committee
approved the study.

All patients had lumbar spine and hands X-rays as well
as a scan pelvic X-ray to determine the presence and de-
gree of vascular calcification according to the established
technique’. The degree of vascular calcification was de-
termined using Adragao'® and Kauppila'® scores. In each
center, two physicians determined the degree of calcification
for each patient using the same X-rays. One score was
made by the treating nephrologist; the other was obtained
by the radiologist, who was not familiar with the patient’s
history. In order to establish the degree of concordance
between the nephrologist and the radiologist, the results
were communicated in a double-blind fashion. The pres-
ence of valvular calcifications was established through a
trans-thoracic doppler echocardiogram.

The total calcium intake in the diet was calculated through
a diet survey and informed in total grams per week, excluding
in the calculation the calcium binders which were included in
another variable. The variables included for the analysis of
associated risk factors are outlined in Table 1. For the pur-
poses of this study, ischemic cardiopathy was defined as a
previous recorded history of documented myocardial angina,
acute coronary syndrome or myocardial reperfusion surgery;
arterial hypertension was defined as a measurement taken
at the initiation of a dialysis session > 140/90 mmHg or the
chronic use of antihypertensive medication; dyslipidemia was
defined as a total serum cholesterol > 200 mg/dl or the chronic
use of hypolipidemic drugs; peripheral vascular disease was
defined by the clinical presence of intermittent claudication,
limb amputation or an arm-ankle index < 0.9. Results are ex-
pressed as the mean plus standard deviation, or median and
ranges for the continuous variables according to the statistical
distribution of the sample, or in frequencies and proportions
for the categorical variables. The prevalence and degree of
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TABLE 1.— Characteristics and demographical data*

Variable Data (units or %)
Patients in peritoneal dialysis 11
Age (years) 58 + 17
Male 55
BMI (kg/m?) 26+5
Diabetes 24
HTA 70
Dyslipidemia 46
Tabaquism 40
Coronary disease 16
Cerebrovascular disease 6
Peripheral vascular disease 8
Albumin (g/dl) 3.8+0.6
CRP mg/l 12.5 £ 17
PTHi 100-500 (pg/ml) 451 + 440
ALP (1U/N) 270 + 194
Use of ACE-inhibitor/ ARBs 48
Erythropoietin U weekly dose 7000 + 4000
Use of oral anticoagulant drugs 10
Use of anti platelet agents 48
Use of cinacalcet 15
Use of calcium binders 70
Use of sevelamer 30
Use of calcitriol 41
Use of vitamin D analogues 9
Nutritional vitamin D 38
Ingest elemental calcium (grams/day) 2105
Dialysis calcium bath > 3 meg/I 18
Prior parathyroidectomy 7.4
Ankle arm index > 1.25 30
Left ventricular hypertrophy 67
Time in dialysis (months) 61 + 58
Calcemia mg/dl 8.8 +0.9
Phosphatemia mg/dl 50+14

*In 443 patients. Continuous variables were expressed as means and
standard deviations, and categorical variables as proportions (%).
CRP: C-reactive protein; PTHi: intact parathyroid hormone; ALP:
alcaline phosphatase; ACE/ARBs: angiotensin-converting enzyme/
angiotensin-receptor blocker.

vascular calcification of our population was established for
each of the radiological scores used. An Adragao score higher
or equal to 3 or a Kauppila score higher than 4 determined
significant calcifications in the analysis of the variables studied.
Finally, the prevalence of valvular calcifications was compared
between the groups of patients with and without radiological
calcification.

The continuous variables were dichotomised to be used in
a multivariate model. Univariate analysis (Chi?) and a multivari-
ate analysis (logistic regression) were undertaken, considering
the degree of vascular calcification as the dependent variable.
A p <0.05 value was considered significant. The Stata 8.0
programme was used for statistical analysis.

209

Results

A total of 443 patients from 8 centres across 5 provinces
in Argentina were evaluated. The demographic character-
istics and their variables are shown in Table 1. The 55%
were male and the average age was 58 +17 years; 70%
had hypertension and 46% presented dyslipidemia. Dia-
betes was reported in 24% of the patients and 40% were
tobacco-smokers. Time on dialysis was 61 + 58 months;
7.4% had undergone a parathyroidectomy.

The prevalence of vascular calcifications determined in
hands and scan pelvic X-rays, as opposed to the findings
in the abdominal aorta X-rays, did not show significant
differences (63% and 63.2% respectively). Figures 1
and 2, show the distribution of the population according
to the degree of calcification for each score. The 73% of
the patients who presented calcifications in hands and
pelvis, had an Adragao score higher or equal to 3; 60% of
the patients who presented calcifications in the abdominal
aorta had a Kauppila score higher than 4.

The prevalence of valvular calcifications was 28%;
32% in patients with an Adragao score higher or equal to
3 and 67% of the patients with a Kauppila score higher
than 4. Only 4.5% of the population studied presented
valvular calcifications without radiological finding of vas-
cular calcification.

Among all the variables analyzed for the Adragao
univariate model, those found to be significant were: age
> 55 years, male gender, dialysis therapy >36 months,
dyslipidemia, diabetes, coronary disease, peripheral
vascular disease, parathyroidectomy and an inflammatory
condition, C-reactive protein (CRP) > 12 mg/l) (Table 2).
Among the variables analyzed for the Kauppila univariate
model, those found to be significant were: age > 55 years,
tobacco, dyslipidemia, diabetes, coronary disease and an
inflammatory condition (CRP > 12 mg/l) (Table 3). In the

TABLE 2.— Significant variables in the Adragao univariate

model

Calcification
Variable* Yes (%) No (%)
> 55 years old 43 34
Male 45 32
Time on dialysis > 36 months 47 31
Dyslipidemia 47 33
Diabetes 61 35
Coronary disease 51 37
Peripheral vascular disease 72 37
Parathyroidectomy 56 38
CRP > 12 47 34

Total: 443 patients. (*p < 0.05). Prevalence of calcification in the
population grouped according to each variable
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TABLE 3.— Significant variables in the Kauppila univariate

model

Calcification
Variable* Yes (%) No (%)
> 55 years old 43 34
Male 45 32
Time on dialysis > 36 months 47 31
Dyslipidemia 47 33
Diabetes 61 35
Coronary disease 51 37
Peripheral vascular disease 72 37
Parathyroidectomy 56 38
CRP > 12 47 34

Total: 443 patients. (*p < 0.05). Prevalence of calcification in the
population grouped according to each variable

multivariate analysis for the Adragao score, the significant
variables were male gender (OR 2.04; p 0.006; 1C95 1.23-
3.39), diabetes (OR 1.73; p 0.024; 1C95 1.07-2.79) and
time on dialysis (OR2.11; p 0.018; 1C95 1.14-3.91). In the
case of Kauppila score, the significant variables were age
> 55 years (OR 7.30; p 0.0001; IC 95 3.65-14.6), tobacco
(OR 2.13; p 0.016; OR 1.15-3-94) and the presence of
peripheral vascular disease (OR 2.24; p 0.027; IC 95 1.10-
4.59). The concordance indexes between the nephrologist
and the radiologist was 0.85 for the Kauppila score and
0.78 for the Adragao score.

Discussion

In our opinion, this study reports useful information about
the prevalence of vascular calcifications in CKD stage VD
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in a developing country as Argentina. Furthermore, it of-
fers useful information on the different diagnostic methods
currently available in developing countries with affordable
diagnostic tools.

Itis also the largest sample published in Latin America
lately. It should be noted that patients undergoing different
dialysis modalities have been included's.

The prevalence of vascular calcifications was 63% as
diagnosed with plain spine, hand and pelvis X-rays.

Publications in the last 10 years have reported 60-90%
prevalence depending on the world region analysed and
the diagnostic method used. A French paper published by
London et al. including 202 patients on haemodialysis with
similar dialysis time as ours, also reported 68% prevalence
of vascular calcifications diagnosed through X-ray and
echocardiogram'. A research paper involving 137 patients
in haemodialysis in Australia showed 90% prevalence of
abdominal aortic vascular calcification'”. Recent reports
from Japan and Brazil have separately published 70-80%
prevalence of vascular calcifications, but the diagnostic
method used in both cases was electron bean computed
tomography and not plain X-rays'® '°. The studies involved
50 patients or less, and reported a 50- 60% prevalence of
vascular calcifications'2°. Noteworthy, all the mentioned
studies presented smaller number of patients and did not
include two different dialysis modalities.

The classical vascular risk factors which showed
independent association with the presence of vascular
calcifications were age, tobacco, dyslipidemia and the
presence of peripheral vascular disease, while age was
the most significant factor'> 132122 With respect to dys-
lipidemia and inflammation, although not significant in the
multivariate model, there was a significant association
in both univariate models. Although some papers have
shown a significant association between dyslipidemia

Proportion of patients %

Adragao score

Vi ViI

Vil

Fig. 1.— Distribution of population (443 patients) with vascular calcification according to

Adragao calcification score
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Proportion of patients %

Kaupila score ——_/

Fig. 2.— Distribution of population (443 patients) with vascular calcification according to

Kauppila calcification score

and mortality in patients on dialysis, no benefit has been
demonstrated with the treatment of hypercholesterolemia
in terms of mortality reduction®2¢. Coronary artery disease
was significant in both univariate models; however, this
factor is a consequence or covariable of the classical
factors previously mentioned. Time on dialysis was an-
other factor related to the presence of calcifications; in
our group over 3 years on dialysis increased the risk of
vascular calcifications in a 2-fold manner. This factor has
also been recognised as an independent mortality risk?’.

There was no association between the use of oral anti-
coagulation and vascular calcifications. Albeit some clini-
cal reports have shown that oral anticoagulants as vitamin
K antagonists are associated with vascular calcifications,
the use of vitamin K in patients on hemodialysis did not
show to prevent vascular calcifications, Thus, there is not
enough evidence yet to recommend vitamin K prescription
or the discontinuation of oral anticoagulants to decrease
the potential risks of calcification. Some studies using
vitamin K in hemodialysis patients are being undertaken
to assess its eventual benefit in the prevention of vascular
calcifications?®.

No differences were found when the two dialysis mo-
dalities were compared, i.e. haemodialysis or peritoneal
dialysis, both in the univariate or in the adjusted multivari-
ate analyses. This negative data is relevant taking into
account the controversies that exist in terms of survival
and type of modality>®*3' and the fact that there are no
reports in the literature comparing the risk of calcification
according to the modality employed.

In our cohort, no association was found between the
levels of calcium, phosphorus and PTHi, despite 70% of
patients presented a calcium daily load of 1.12 + 0.5 of
elemental calcium (following the administration of calcium
carbonate or calcium acetate and a 2.6 + 2.4 gram of total
intake (diet + binders)), which was higher than the calcium
intake suggested by the K/DOQI guidelines®. Only 30% of
the patients were taking calcium free phosphate binders.
This lack of association of the biochemical variables and
the dietary survey with calcifications is the result of the
limitation of a cross-sectional study like this one'? 13.33.34,

In our model, previous surgical parathyroidectomy
showed a significant association with vascular calcifica-
tion. Taking into account the fact that PTHi serum levels
consistent with a dynamic bone displayed no association
with the calcification model, the previous history of surgi-
cal parathyroidectomy identified a subgroup of patients
exposed to a long time of severe hyperparathyroidism and
vascular calcification. In our country, there exists a high
prevalence of secondary hyperparathyroidism in patients
on dialysis, and the access to surgical treatment was not
available until recently': 35 %,

Moreover, we have not found any association between
the employment of non-calcium based phosphorus bind-
ers (sevelamer), vitamin D analogs (paricalcitol) and/
or calcimimetics (cinacalcet) and a lower prevalence of
vascular calcifications. Noteworthy, in Argentina there was
no free access to the above mentioned recommended
drugs''. In this regard, it could be argued that the lack of
association could be due to a small proportion of patients
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under these therapies and/or to a short period of time
under these drugs.

In this study we have shown a higher rate of vas-
cular calcifications with the use of plain X-rays when
compared to the prevalence of valvular calcifications
obtained with echocardiograms. In this regard, val-
vular calcifications were present particularly in those
patients with a severe level of radiological vascular
calcification. The KDIGO guidelines® propose either
an X-ray of the abdominal aorta or the echocardiogram
as the imaging tool for the appropriate evaluation of
the calcium-phosphorus metabolic disorders present
in CKD. Consistent with our findings, we remark the
complementary usefulness of the echocardiogram for
the baseline radiologic diagnosis. When possible, both
diagnostic methods should be used.

Finally, another important result obtained from our
investigation is that after appropriate radiographic tech-
niques and instructions for the search of vascular calcifi-
cations employing a quantitative method, semiquantita-
tive results can be achieved as shown by the degree of
concordance obtained between the nephrologist who was
familiar with the patient’s history and the radiologist (blind
arm in the study).

Our work has several limitations, as it consists of a
cross-sectional study lacking of biomarkers involved in
the physiopathology of vascular calcifications such as
FGF23 and fetuin-A%. However, the present study is the
first one focused on the prevalence of vascular and valvu-
lar calcifications in patients on dialysis in our country. We
remark the number of patients included, in addition to the
usefulness of a readily available non-expensive diagnostic
method as the plain X-ray. Finally, the multi-centric design
coupled with the ample regions of the country included
and the homogeneous nature of the population under
consideration in terms of age and time on dialysis and
causes of end-stage renal disease are among the main
achievements of our work?®.

In conclusion, vascular calcifications are easily as-
sessed in our population on dialysis. Vascular calcifica-
tions are easily scored with non-invasive techniques such
as the plain X-ray, with an important complementary role
played by the doppler echocardiogram. These methods
could be used in the screening, diagnosis and treatment-
monitoring of calcium-phosphorus disorders in patients
on chronic dialysis.

Conflict of interests: None to declare.
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Diciembre 24 [1807] Miércoles, San Gregorio, martir; vigilia y abstinencia.
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cometi6 la fechoria de robar diversos objetos del culto de la iglesia de San Isidro. El
Cabildo, en el dia de hoy, de acuerdo con la Real Audiencia ha dispuesto que se le
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