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Abstract

Introduction Chronic kidney disease-mineral bone disor-
der enhances coronary artery impairment (often occult and
difficult to diagnose) in hemodialysis (HD) patients. The
aim of the study was to correlate biochemical and imagistic
parameters of MBD with the degree of documented coro-
nary artery disease (CAD) in non-diabetic HD patients, in
order to obtain a MBD-coronary risk score as a screening
algorithm.

Methods A 3-year prospective study was conducted on
168 non-diabetic HD patients, evaluating MBD biochemi-
cal parameters along with pulse wave velocity (PWYV)
determination and valve/coronary calcification assessment;
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coronary angiography was performed in symptomatic
patients. Correlations between noninvasive parameters and
the degree of coronary obstruction were assessed using
IBM SPSS Statistics 20 software, Chi-square test and the
determination of odds ratio.

Results Significant  differences in serum calcium
(p <0.001), phosphates (p = 0.03), bicarbonate (p < 0.001),
albumin and iPTH (p = 0.002), percentage of deviations
from PWV normal values (p = 0.004), average doses of
phosphate binders and vitamin D and the number of vas-
cular/valve calcifications were noted between the study
group (angina, n = 17) and control group (asymptomatic,
n = 151). After applying MBD-coronary risk score in con-
trol group, coronary angiography was performed in high-
score patients.

Conclusion A noninvasive screening algorithm for early
diagnosis of CAD in asymptomatic HD patients with
altered MBD parameters is necessary. Applying MBD-cor-
onary risk score might be an important step in the preven-
tion of major coronary episodes by extending the indication
for further investigations, early diagnosis and treatment
management.

Keywords Chronic hemodialysis - Mineral bone disorder -
Coronary risk score - Coronary angiography

Introduction

Cardiovascular diseases are the most important causes for
morbidity and mortality in patients on chronic hemodialy-
sis (HD) [1-5]. Among others, severe coronary events are
responsible for 40-50% of deaths, with an incidence of
30% in the first year after initiation of dialysis and 52%
in the first 2 years [6-8]. The elevated lethal potential of
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ischemic coronary lesions in dialysis patients justifies the
concern for an early diagnosis of this pathology, even more
because we refer to a double-risk population: a recognized
predisposition for multifactorial vascular impairment and a
high risk of asymptomatic evolution. Late-/underdiagnosed
significant coronary obstructions in dialysis patients were
documented by numerous clinical studies and proven to be
responsible for a high number of sudden deaths in which
autopsies have been made, even in patients without coro-
nary symptoms [1, 8—11].

The impressing prevalence and advanced degree of
coronary artery calcification in long-term dialysis patients
are based on the presence of mutually reinforcing factors
[12-15]. Besides traditional risk factors on coronary circu-
lation (e.g., smoking, obesity, diabetes, dyslipidemia, blood
pressure) [16], which are amplified by chronic kidney dis-
ease (CKD) and produce intimal calcifications, in end-stage
renal disease (ESRD) patients we confront with associated
medial calcifications (Monckeberg’s arteriosclerosis) pro-
moted by uremic endothelial dysfunction, hyperhydration
and oxidative stress, chronic inflammation, increased stiff-
ness and extra-skeletal calcifications [17-22]. Among oth-
ers, the role of calcium phosphate imbalance and the effects
of its treatment are still difficult to assess, with an incom-
plete quantified impact.

Biochemical and radiological findings attesting the pres-
ence and degree of chronic kidney disease-mineral bone
disorders (CKD-MBD) in ESRD patients are rarely cor-
related by the practitioner with the risk of major coronary
events. Noninvasive screening methods for coronary artery
disease (CAD) in a population with low tolerance for phys-
ical exercise and high prevalence of autonomic neuropathy
should help us to perform early diagnosis and establish
therapeutic measures to avoid severe cardiovascular events
in these patients.

The primary objective of the study was to correlate
CKD-MBD biochemical and imagistic parameters with the
presence of symptomatic significant coronary obstructions
in non-diabetic hemodialysis patients, in order to obtain
a MBD-coronary risk score. A secondary objective was
the validation of this risk score as a noninvasive screen-
ing algorithm for extending coronary angiography indica-
tions in asymptomatic patients with mineral metabolism
disturbances.

Methods

Over a 3-year period, March 2013—-March 2016, 168
chronic dialysis patients (receiving hemodialysis for longer
than 6 months) from two private dialysis centers in Bucha-
rest were recorded for the survey, after they expressed
their willingness to participate. Severe valve disease,
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arrhythmias, systemic vasculitis, dyslipidemia and tobacco
addiction were excluded from the study because these con-
ditions might have a major impact on vascular wall qual-
ity and the accuracy of correlations; diabetic subjects were
excluded as well, and in this manner a uniform cohort was
obtained. Patients with previous coronary angiography,
with or without stent implants were also excluded (Fig. 1).

The study was approved by the Ethical Committee
(No. 25151/18.03.2013) of our hospital, and patients were
enrolled after verbal informed consent. Patients selected
for coronary angiography examination signed an informed
consent.

The following laboratory tests were recorded: urea, cre-
atinine, calcium, phosphate, intact parathormon (iPTH),
alkaline phosphatase, serum bicarbonate and albumin
obtained by calculating the average of the last 12-month
values registered in the routine monthly monitoring pro-
gram for the maintenance dialysis patient. Test values were
provided by the dialysis centers registries, with the consent
of the chief physician. The average weekly doses for phos-
phate binders and vitamin D were calculated and noted for
each patient. Both centers prescribed only calcium-based
phosphate binders (for financial reasons) with 498 mg cal-
cium carbonate per tablet, and 0.25 pg per tablet (calcitriol)
as vitamin D supplement.

Every cardiac angina episode (minutes of frank subster-
nal pain or tightness, after exertion/emotional stress/dialysis
session, relieved by rest/medication), diagnosed according
to American College of Cardiology/American Heart Asso-
ciation (ACC/AHA), was monitored [23]. We did not con-
sider other angina equivalents (e.g., unexplained arrhyth-
mias, left ventricular failure symptoms) because they can
also be produced by dyselectrolytemia or hypertension dur-
ing the dialysis session. Patients with stable angina episodes
were referred to cardiologist in a maximum 48-h interval,
and the appointment for coronary angiography was made.
For unstable angina patients were immediately admitted in
the cardiology department of our hospital; coronary angiog-
raphy was performed in emergency for diagnosed myocar-
dial infarctions, following the ACC/AHA guidelines [23].
Electrocardiography was performed monthly in all patients,
and ischemic lesions (e.g., persistent ST-T-wave inversions,
left bundle-branch block or bifascicular block) were regis-
tered [23]. Pulse wave velocity (PWV) determination, chest
X-ray for the detection of coronary calcifications and car-
diac ultrasound for valve calcification assessment were per-
formed once in the study interval for each patient. Patients
with at least one episode of angina during the study (rep-
resenting the study group) underwent coronary angiogra-
phy (only two patients refused the investigation and were
excluded from the study).

In the study group, the average level of the monitored
parameters was calculated from the 12-month values prior
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Fig. 1 Study design diagram

211 HD patients

(> 6 months on chronic HD)

EXCLUSION CRITERIA
- conditions with major impact on vascular wall quality-
+ severe valve disease

* arthythmias
 systemic vasculitis
* dyslipidemia
N * tobacco addiction
included * diabetes mellitus
* additionally: patients with previous coronary
angiography, with or without stent implants
168 HD patients

Controlgroup
151 asymptomatic patients

Study group
17 patients
* angina events
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building the MBD-coronary risk score

applying the MBD-coronary risk score

MBD-coronary risk score > 8 (n =29)
- coronary angiography in 9 patients
(77.77% CAD positive)

the angiography. For the control group, the average value of
the biochemical test was obtained from the last 12-month
levels before the last trial month. As required by the stand-
ard procedure for hemodialysis patients monitoring, bio-
chemical tests were collected before the dialysis session, in
a midweek day; for all the studied patients the tests were
performed by the same laboratory. Routine parameters were
carried out on Mindrayassay device; iPTH was determined
using ELISA immunoassay. For cardiac ultrasound investi-
gation a two-dimensional M-mode Mindray DC-6 Expert
device was used, in a midweek non-dialysis day, carried
out by the same cardiologist. Coronary arteries calcifica-
tions were objectified using a low-radiation chest radiog-
raphy PI30 DB device. PWV evaluations were performed
using Mobil-O-Graph (Industrielle Entwicklung Medizin-
technik, Germany) and IEM-Hypertension Management
Software; after the measurements were recorded, for each
patient we calculated the deviation from the normal maxi-
mum value of PWYV, based on the displayed normal ranges
of aortic PWV included in the software (adjusted for age,
body mass index (BMI) and blood pressure (BP) levels).

Cardiac ultrasound, chest X-ray and PWV assess for the
study group were performed before angiography; for the
control group these investigations were made at the end of
the survey.

Angiography was performed by an experienced angiog-
rapher using a Philips Allura Clarity Xper FD 20 System
device, iso-osmolar iodinated contrast media, and a 75%
or greater lumen narrowing was considered significant
(severe).

Statistical analysis

The assessed results were processed using Microsoft Excel
and IBM SPSS Statistics 20 software. Continuous clini-
cal variables were expressed as means and standard devia-
tions (SD) or medians and interquartile ranges and compared
between groups. The following tests were applied: Mann—
Whitney test for two independent samples, Chi-square test for
associations of two categorial variables, and the determina-
tion of odds ratio (OR) and relative risk (Rr). Logistic regres-
sion analysis was used to determine the relationship between
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independent categorical/continuous variables and nominal/
binary dichotomous-dependent variable in which values were
coded 0/1. A p value of <0.05 was considered significant. The
MBD-coronary risk score values were assigned using trans-
form rank of ORs (rank type; N tiles = 5).

Results

During follow-up there were 19 symptomatic patients (typi-
cal angina) and 17 of them consented to perform coronary
angiography—study group (n = 17; 10 men); the mean
age was 60.4 £ 7.9 years, and average dialysis interval was
80.5 £ 31.1 months. The control group (151 patients; 83
men) consisted of all non-diabetic patients without angina
episodes during the study, with a mean age 57.4 £ 13.5 years
and mean dialysis vintage 51 £ 51.7 months. Demographic
and other data are shown in Table 1.

Only the dialysis vintage presented significant differ-
ences between groups—patients experiencing angina were
at the same age as the asymptomatic ones, but they were on
renal replacement treatment for a longer period. BMI and
BP values were similar in groups.

Table 1 Demographic and other parameters in both groups

Parameter Study group (n = 17) Control group P
(n=151)

Age 60 +£7.9 57 £13.5 0.78
59.73 [53.5, 67.5] 61.00 [48.00, 69.00]

Dialysis vintage 80.59 &+ 31.18 51.01 £51.76 0.02
88.00 [47.50, 99.50] 34.00 [2.00, 95.00]

BMI 2248 +2.488 22.134 +£2.238 0.43

Systolic BP 144.117 £+ 14.430 147 £ 12.288 0.57

The results are expressed as mean & SD and/or median [25, 75%],
respectively

Coronary angiography findings in CAD symptomatic
patients

Significant CAD lesions were found in 16 patients inves-
tigated in the study group. The affected blood flow in one
case was justified by the presence of a muscle bridge, but
the patient had also discrete coronary lesions, with 45%
degree of stenosis. There were two patients with left main
coronary disease diagnosed, and they were referred to sur-
gery for coronary artery bypass grafting (CABG). In other
two cases CABG was performed for two vessel diseases
in patients known with altered left ventricular function
(cardiologist decision). In nine cases percutaneous trans-
luminal coronary angioplasty (PTCA) was performed,
using drug-eluting stents. Three patients necessitated
more than one stent implant. No complications were reg-
istered in the perioperative period. One patient from the
CABG subgroup died at 3 months after the procedure, by
sudden death, one hour after a common dialysis session.

Correlations between symptomatic coronary lesions
and CKD-MBD parameters

Average values of laboratory tests are shown in Table 2,
with statistically significant differences regarding serum cal-
cium, phosphate, bicarbonate, albumin and iPTH between
the two groups. 20.2% of patients were found to have mean
12-month serum calcium levels under 8.5 mg/dL, and
36.3% showed mean calcium levels above 9.5 mg/dL.

PWYV assessment revealed deviations from normal
ranges of values in both groups, with a number of 15
patients (88.23%) outside limits in the imaging investi-
gated group (average value 16.04 + 6.96 m/s) and 117
patients (77.48%) in the control group (average value
11 £ 7.26 m/s), p = 0.004.

Vascular calcification rate showed on X-ray was sig-
nificantly higher in the study group—15 patients (88.23%)

Table 2 Biochemical

. Parameter Study group (n = 17) Control group (n = 151) p
parameters in both groups

Calcium 9.68 + 0.49 9.00 £ 0.65 0.00004
9.73[9.58,9.91] 8.92 [8.53, 9.59]

Phosphate 587+1.22 520+1.23 0.03
6.03 [5.18, 6.59] 5.40[4.28, 6.19]

Serum bicarbonate 18.32 +1.63 20.32 +1.91 0.000059
17.6 [17.1, 19.5] 19.8 [18.6, 21.7]

Albumin 3.94 +0.89 471 £1.17 0.02
3.713.5,3.9] 5.2[3.7,5.7]

iPTH 649 £ 513 338 + 306 0.002
420.0 [317.8, 1073.0] 261.8 [154.1,391.4]

Total alkaline phosphatase 28.00 £+ 7.96 24.34 + 8.96 0.10

28.0[23.5, 33.0]

23.0 [16.0, 33.0]

The results are expressed as mean + SD and median [25, 75%], respectively
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Table 3 Risk estimation of coronary lesions in both groups
Parameters Risk value* OR (study group/control group) 95% Confidence
interval
Lower Upper
Serum bicarbonate (mEq/L) <18 18.182 5.790 57.099
<20 6.835 1.511 30.929
Valvular calcification (echocardiography) Positive 12.093 1.563 93.544
Serum calcium (mg/dL) >9.5 10.326 2.832 37.650
Ischemic modifications on EKG Positive 10.261 1.325 79.432
Calcium phosphate binders therapy (tablets) >9 7.273 1.991 26.560
>9 2.906 1.004 8.410
PWV? (m/s) >10% 5.696 1.572 20.641
Serum albumin (g/dL) <4 5.258 1.451 19.049
Vascular calcification Positive 5.225 1.153 23.665
Serum phosphate (mg/dL) >6.5 4.338 1.193 15.780
iPTH (pg/mL) >800 3.778 1.171 12.192
Dialysis vintage (months) >60 3.352 1.125 9.994
Vitamin D therapy” (tablets) >7 1.085 0.317 3.716

The parameters are presented according to the decreasing OR

* Values considered from literature data and our personal clinical observations

¥ OR was calculated depending on the percentage of deviations from PWV normal values

¥ Equal risk for both groups

versus 89 (58.94%) from the control group, p = 0.01. In 16
cases (94.11%) of study group and 86 (56.95%) from the
control group, cardiac valve calcifications were detected by
ultrasound determinations, p = 0.002. In addition, ischemic
lesions observed on electrocardiogram (EKG) were higher
in the study group than in the control one—16 patients
(94.12%) versus 92 (60.93%), p = 0.007.

Regarding the influence of therapy with calcium-based
phosphate binders and vitamin D on the prevalence of
symptomatic vascular calcifications, there were significant
differences between groups in the average doses of both
drugs: The average dose of calcium carbonate as phosphate
binder in the study group was 9 tablets/day (4.4 g/day)—
significantly different from the average dose in the control
group—7 tablets/day or 3.4 g/day (p = 0.003). The aver-
age dose of vitamin D in the study group was 1.75 versus
0.75 mcg/week in the control group, p = 0.03. In 65 newly
initiated patients (dialysis started in the last year of our
trial) we had no evidence over the treatment plan followed
before dialysis; these patients were excluded from the med-
ication-calcification correlations.

CAD risk calculation and the MBD-coronary risk score
constitution

To assess the risk of vascular lesions and further to estab-
lish a coronary risk score in hemodialysis patients with

altered mineral metabolism, OR was calculated for each
parameter (Table 3).

In addition, logistic regression analysis was applied on all
MBD parameters. Among predictor factors included in the
initial regression model, only serum bicarbonate and valvular
calcification were considered variables having a high signifi-
cant contribution (p < 0.05). However, we could not use these
results due to the small number of patients in the study group.

Based on OR values obtained for each parameter that
were descendently ranked and consequently transformed
(rank type; N tiles = 5), we elaborated a MBD-coronary
risk score in HD patients, which we consider that it should
be a supplementation to existing indication for coronary
angiography in chronic dialysis patients (Table 4).

MBD-coronary risk score validation

By applying the MBD-coronary risk score in the control
group, 29 patients (19.20%) obtained a grade over 8 but only
9 agreed to perform coronary angiography. In seven patients
(77.77%) coronary obstructions were found, five of them
severe (71.4%); obstruction degrees are presented in Table 5.

There were four PTCA performed in this subgroup of
patients, with no incidents reported.

The findings proved that the MBD-coronary risk score is
not a marker for symptomatic CAD, but, in fact, a tool for
assessing coronary obstructions regardless of angina.
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Table 4 Assigning grades to MBD parameters based on their OR for
CAD symptoms

Parameters OR Assigned score
Serum bicarbonate (mEq/L) 18.180 5
Valvular calcification (echocardiography) 12.090 4
Serum calcium (mg/dL) 10330 4
Ischemic modifications on EKG 10.260 3
Calcium phosphate binders therapy 7270 3
(tablets)
PWV? (m/s) 5700 3
Serum albumin (g/dL) 5260 2
Vascular calcification 5230 2
Serum phosphate (mg/dL) 4340 2
iPTH (pg/mL) 3780 1
Dialysis vintage (months) 3350 1
Total 30

A score of 8 and greater should represent an indication for coronary
angiography, even in asymptomatic hemodialysis patients

Discussion

Our study found strongly statistical correlations and, based
on them, established a mathematical relation between
altered CKD-MBD parameters and the risk of coronary
artery obstructions in chronic dialysis patients. Further-
more, it pleads for the extension of coronary angiography
indications in asymptomatic patients with high MBD-coro-
nary risk score levels.

CAD is very common in patients on long-term dialysis
[1-6, 12-15, 21, 22]. In our study, coronary angiography
conducted in symptomatic patients highlighted a percent-
age of 94.11% of significant coronary lesion. In one patient
the degree of obstruction was below 75%, aggravated by a
muscle bridge. The incidence of “blind” coronary angiog-
raphy in CKD stage 5D patients in the literature is around
25%; angina is likely to be caused by a small vessel mal-
function or by the presence of muscle bridges [24].

This high prevalence of CAD in dialysis patients is
due to the CKD-induced magnification of traditional risk
factors and by the additional effect of vascular calcifica-
tions. The development of vascular calcifications in CKD
patients was firstly mentioned in the nineteenth century
and ever since it was addressed directly or collaterally, in
multiple clinical trials [12, 19, 25-33]. Despite this con-
tinuous preoccupation, the connection between the degree

of MBD and coronary artery impairment is still unquantifi-
able, although variations in serum calcium, phosphate and
PTH have documented major negative impact on arterial
wall elasticity and integrity [27-34]. The importance of
CKD-specific factors in CAD development is emphasized
by Goodman et al. [35] study that observed coronary artery
calcifications in 88% of the chronic dialysis patients under
30 years old, even in the absence of age-determined athero-
sclerosis. A study conducted by Garland et al. [36] pointed
out the importance of high calcium level as a risk factor
for CAD in CKD stages 3-5, excluding dialysis. Continu-
ing this idea, Nakamura et al. [17] highlighted that calcium
phosphate product and the use of calcium-containing phos-
phate binders favored medial coronary calcification found
in autopsied chronic renal patients with history of angina.

The connection between the biochemical disturbances of
mineral bone disease and the presence of documented cor-
onary stenosis was proved by our findings: high calcium,
phosphate and iPTH levels were positively correlated with
the coronary angiography subgroup. Likewise, PWV and
vascular/valve calcifications were significantly higher in
these patients.

Numerous studies have demonstrated the role of hyper-
calcemia in favoring the osteochondrocytic transformation
of vascular smooth muscle cells (VSMC) through a mech-
anism still unclear, while, in the same time, inducing cell
apoptosis trough calcium phosphate nanocrystals [26, 37—
45]. In our study hypercalcemia appears to increase the risk
of symptomatic coronary lesions with a calculated OR of
10.33. The conclusion is supported by observational study
conducted by Kalantar-Zadeh et al. [46, 47] on 58 058 sub-
jects in chronic hemodialysis who claimed that hyperphos-
phatemia and hypercalcemia are strong predictors of mor-
tality by cardiovascular events. Serum calcium elevation
with 1 mg/dL is associated with an increased relative risk
of death between 12 and 22%, according to an analysis car-
ried out by Covic et al. [48].

DOPPS study included 25 588 subjects undergoing dial-
ysis and concluded that the risk of general mortality and
cardiovascular death increases by 10-14% by a calcium
elevation of 1 mg/dL, but also by 4-9% for a phosphate
levels elevation of 1 mg/dL and by 1-2% for PTH eleva-
tion of 100 pg/mL [49, 50]. In our study high phosphate
levels were depicted with significantly higher prevalence
in the group of patients with angina and coronary steno-
sis: Average serum phosphate level in the study group was
5.87 £ 1.22 mg/dL, significantly different from the mean

Table S Degrees of coronary obstruction in asymptomatic patients with high MBD-coronary risk score

Patient 1 2 3

4 5 6 7 8 9

Coronary obstruction degree (%) 80 75 55

80 45 85 75 75 40
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value of control group. Although the direct action of PTH
on the morphological changes of cardiovascular structures
remains a debate, its mean value was significantly higher in
group of patients with cardiac complaints in our study, with
an OR of 3.78.

Some data suggest that severe hypophosphatemia may
also be associated with increased risk of death; low phos-
phate levels are recorded at 5% of dialysis patients and are
caused by improper diet and/or association of inflamma-
tion [51]. It was not possible for us to make a correlation
regarding this subject, as we had only one patient with low
abnormal phosphate levels.

PWYV is still the most recommended parameter for
assessing vascular elasticity [52]. The development of vas-
cular stiffness is favored by many traditional factors along
with CKD associated factors: high calcium phosphate
product, PTH increased levels, marked metabolic acidosis,
oxidative stress [53-59]. We observed a significant positive
correlation between the presence of angiographic objecti-
fied coronary calcifications and PWYV levels.

There were no differences found between the mean
values of alkaline phosphatase between the two groups,
although other studies describe this enzyme as a predictor
for the presence of vascular calcifications when it exceeds
the upper limit of normal [34, 46, 60]. In the control group
we recorded 30 cases (19.86%) of alkaline phosphatase
levels above normal. Coronary artery stenosis could not be
objectified or disproved in these patients.

Albumin is the most widely used indicator of nutritional
status, in a complex relation with inflammation [61]. A
study on uremic rats undergoing a low-protein diet con-
cluded that this diet applied without additional essential
amino acids is detrimental to the subject because it calls
forth inflammation and vascular calcifications [62]. The
significantly lower albumin mean value in the study group
highlights the unfavorable malnutrition-hyperphosphatemia
association, recently shown to be an important promoter of
morphological changes in the arterial walls, by decreased
fetuin-A levels [62, 63].

The clinical trial conducted by Nam et al. [64] on
chronic dialysis patients established a correlation between
vascular/valve calcifications objectified on X-ray and the
severity of coronary lesions shown on angiography; they
concluded that further studies are required to confirm the
predictive value of vascular calcification score detected
through noninvasive methods. Going further, Adragao et al.
[65] correlated plain pelvis and hands X-ray results with
PWYV determinations and mortality in dialysis patients. Our
results showed a significantly higher number of X-ray cor-
onary calcifications and ultrasound detected valve calcifica-
tions in patients who required coronary angiography com-
pared with patients without angina episodes (p = 0.018;
p = 0.002). The risk calculated for US detected valve

calcifications was the second most important value in the
score, after low serum bicarbonate.

In the study group there were significantly higher pre-
scribed doses for both vitamin D and phosphate binders
(p = 0.03, p = 0.003), although the value calculated for
OR regarding vitamin D was 1, meaning that vitamin D
administration did not influence vascular lesion appear-
ance in our study. These doses are adjusted monthly in
response to variations in phosphate, calcium and PTH lev-
els (depending mainly on the phosphates ingested by the
patients). The attempt of maintaining bone metabolism
parameters within normal limits may become a two-edge
sword, especially in countries with limited resources for
the use of non-calcium phosphate binders. We should focus
more on nutritional education for convincing the patient to
comply with the low-phosphate diet, insisting on avoiding
additives and food preservatives, since calcium-based phos-
phate binders use revealed an important contribution to the
MBD-coronary risk score (OR = 7.27) [66-68]. Neverthe-
less, a daily high dose of phosphate binders reveals a non-
compliant type of patient, with uncontrolled diet and high
interdialysis fluid gains, producing BP elevations and left
ventricular hypertrophy which favors arterial stiffness. This
is an important issue in the developing countries that do not
fully reimburse expensive drugs in CKD patients (e.g., in
Romania, vitamin D receptor activators are reimbursed by
prescriptions for predialysis only). Despite the drawback of
having only calcium-based phosphate binder prescribed for
the studied population, this aspect adds uniformity to the
study.

DOPPS study concluded that severe acidosis increases
the mortality risk and establishes the safest serum bicarbo-
nate range between 20 and 22 mEq/L [49, 69]. The study of
this parameter in the two groups revealed that the average
bicarbonate level in the subgroup of patients who had at
least one episode of angina was much lower than the aver-
age serum bicarbonate in the control group (18.32 4+ 1.63
versus 20.32 = 1.91 mEq/L), a correlation with high sta-
tistical significance (p < 0.001). Bicarbonate levels showed
the most important influence on the formation of coronary
lesions (OR = 18.18 for the values found under 18 mEq/L
and 6.84 for values under 20 mEq/L). In CKD, the influ-
ence of acidosis on the vascular wall calcification pro-
cess is now highly disputed. Many authors emphasize
the protective effect of acidosis by uprising the solubil-
ity of hydroxyapatite solubility and blocking the effect of
matrix Gla protein and sodium-dependent phosphate co-
transporter [70, 71]. On the other hand, acidosis strongly
promotes arterial wall inflammation and releases pro-cal-
cification cytokines; it favors bone dissolution and raises
the serum calcium levels; mineral phosphate is released to
buffer the acidosis and restore the pH [70, 72]. We also pre-
sume that the large serum pH variations during the dialysis
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sessions (from severe initial acidosis to alkalosis in the end
of the dialysis session) may produce important harmful
changes in vascular cells function and endothelial mediated
vascular tone, favoring arterial stiffness.

Electrocardiography showed ischemic type modi-
fications in symptomatic (94.12%) and asymptomatic
(60.93%) patients, with a significant difference in the favor
of the study group. The electrocardiography recording sug-
gesting CAD proved to be an important risk factor for the
finding of coronary obstruction (OR = 10.26).

In summary, all these correlations found in sympto-
matic CAD-documented dialysis patients outline a pattern
for coronary obstruction presence and lead us to the con-
struction of this screening algorithm—the MBD-coronary
risk score. The major problems in the diagnosis of CAD for
patients on renal replacement therapy are the lack of symp-
toms and the limitations of noninvasive screening methods.
We considered that out MBD-coronary risk score can help
us overcome these obstacles.

Asymptomatic coronary artery obstructions are not
uncommon in dialysis patients [24, 31, 73-75]. A recent
investigation, conducted on 30 chronic dialysed patients
(with no history of angina or myocardial infarction) to
whom coronary angiography was performed, has showed
the presence of over 50% coronary lumen narrowing in
53.5% of them. The percentage of obstruction was corre-
lated with dialysis vintage [74, 76].

Occult type or atypical symptoms of coronary artery
disease in patients on renal replacement therapy delays
the diagnosis of vascular lesions and their treatment [76—
78]. The noninvasive screening methods used for patients
not on dialysis are difficult to perform or inconclusive for
CKD stage 5D population [78]. As De Vriese and Schmidt
pointed out in their reviews, the exercise tolerance test can
only be performed in 23-53% of patients because of the
restricted exercise capacity. Furthermore, a dialysis session
with a blood flow rate over 300 mL/min can be regarded
as a reliable exercise test for dialysis patients. As for the
other noninvasive methods, myocardial perfusion scintigra-
phy has a low sensitivity level (30-80%, depending on the
stress agent used) and computer tomography examinations
are expensive, involving contrast medium without offering
a therapeutic solution, as angiography does [78, 79]. Con-
sequently, revascularization is underperformed in ESRD
patients [80]. The indications to perform coronary angi-
ography are limited, and the presence of ancillary criteria
added to clinical criteria (e.g., angina) may be helpful. Risk
assessment in these circumstances requires an optimal plan
of investigation in order to improve the prognosis and qual-
ity of life. Although angiography is the gold standard in
highlighting headquarters and severity of vascular lesions,
its currently screening indication stays only for dialysis
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patients who are evaluated for kidney transplant [81, 82].
We decided, as a secondary objective for the study, to use
the obtained MBD-coronary risk score for extending the
indications for coronary angiography in asymptomatic
high-risk patients.

Many agreed that the management of the acute coronary
events should be guided based on the evaluation of indi-
vidual risk. The GRACE risk score, assembled based on an
8-year study involving over 55.000 patients with acute cor-
onary events, assessed the risk of death in all the patients
admitted with this type of pathology in 123 hospitals from
14 countries [81]. In the same study, Hitinder et al. con-
ducted a separate investigation regarding patients receiv-
ing dialysis prior the coronary event. They pointed out that
GRACE risk score underestimated the risk of major events
after acute coronary accidents in this group of patients (12
versus 7.8% predicted) and the prevalence for in-hospital
mortality rates, complication rates and rehospitalization
were greater in patients receiving dialysis comparing with
non-dialysis patients [83].

In our study, the validation of the MBD-coronary
risk score pointed out a prevalence of 19.20% high-risk
patients in the asymptomatic control group. In the majority
(77.77%) of the patients who accepted the invasive investi-
gation the presence of CAD was demonstrated and 71.4%
of them revealed severe coronary obstructions. Consider-
ing that no incidents had been reported and a number of
four patients received curative treatment (PTCA), it is an
encouraging start for further researches.

Strength and limitations of the study

Our investigation is the first pilot study that elaborates an
algorithm between biochemical and imagistic parameters
of MBD and the presence of significant coronary obstruc-
tions as a noninvasive screening method for the asympto-
matic CAD in non-diabetic HD patients. By adding this
score to the monitoring program for the patients on main-
tenance dialysis and applying it yearly, we can perform
targeted coronary angiography and contribute to the early
diagnosis and treatment of asymptomatic coronary obstruc-
tions in this high-risk class of patients.

Coronary arteriography is an invasive technique that
allows direct visualization of an artery and its branches.
Despite the use of an iodinated contrast agent, it remains
an accurate and safe method of diagnosing subclinical ath-
erosclerosis, mostly in dialysis patients in which the con-
cern about the renal toxicity is not a particularly important
objective [74, 84, 85]. Coronary computed tomography
angiography is much more expensive and high-dose radia-
tion, while stress cardiac scintigraphy is not so effective in
detecting coronary obstruction, showing mostly the effect
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of myocardial ischemia [78, 86]. It seems that the inves-
tigation that better distinguishes between the two natures
of CAD in CKD patients—medial and intimal calcifica-
tions—is optical coherence tomography (OCT) [87, 88].
This is, however, a very expensive analysis and not easy to
perform. Therefore, we agreed to deal with CAD, including
both types of coronary obstructions detected in our patients.
Although intimal lesions and medial calcifications coexist
in hemodialysis patients, many studies failed to establish
a direct relation between them; therefore, coronary artery
intimal calcifications are not a reliable marker for CAD in
this group of patients [§9-91].

In the last 3 years, there were 2042 coronary angiogra-
phies performed in our hospital, and 68 (3.38%) of them
in chronic dialysis patients. By using iso-osmolar contrast
media in patients receiving adequate dialysis we registered
only two minor events (minimal bleedings at the injection
site) and no variations in residual diuresis. The limitations
and the risks for this procedure are minimal for dialysis
patients, and the advantages can be considerable: early
detection of significant occult coronary obstructions and
their concomitant treatment. On the other hand, biochemi-
cal parameters which we found to be involved in coronary
risk are within reach, being monthly assessed as required
by the guidelines for the monitoring of maintenance dialy-
sis patients [92].

A notable strength of our study was the significant per-
cent of positive coronary angiography in patients with
high MBD-coronary risk score (despite the low number of
patients). The absence of diabetic patients and the limited
prescription for expensive MBD-specific treatment (VDRD
and calcimimetics) could be interpreted as strength (uni-
form cohort) but also as a limitation of our trial; the study
results can be a plea for proper investment in CKD-MBD
treatment.

There are several limitations of our study. First, the
number of patients willing to perform coronary angiogra-
phy is reduced, leading to a low number of subjects for the
validation of MBD-coronary risk score. The anxiety of per-
forming an invasive investigation and the high number of
medical procedures they were forced to attend in CKD evo-
lution, determined the chronic dialyzed patients to refuse
coronary angiography in the absence of disabling symp-
toms. A second limitation is the exclusion of other nonin-
vasive screening methods from our study procedures; we
explained in the manuscript their limitations and the doubt
that they can considerably improve the CAD diagnosis in
hemodialysis patients. The isolation of MBD factors from
other important traditional and non-traditional risk factors
for CAD can be regarded more as strength than as a limita-
tion of the study; this score can be integrated in the com-
plex scene including all the factors involved in the coronary
impairment in chronic dialysis patient.

Conclusion

Chronic dialysis patients with documented MBD have to be
considered a very high-risk population for developing major
coronary events. The serious lethal potential of these events
and the high probability of subclinical coronary lesions
justify a much active attitude in diagnosing and treating
coronary obstructions in ESRD patients. Highly signifi-
cant positive correlation between CAD and elevated serum
phosphate, serum calcium, PTH on the one hand, values of
PWYV and the presence of vascular/valve calcifications on
the other hand, suggests that non-diabetic chronic dialysis
patients with high risk of CAD follow a specific clinical and
biological pattern. Our work is the first pilot prospective
study carried out in a homogenous population of non-dia-
betic HD patients that emphasize the negative influence of
MBD parameters on the risk of CAD development. A coro-
nary risk score for MBD in dialysis patients, based on non-
invasive parameters, should be used as a tool for extending
the indication for coronary angiography and helping early
diagnosis and treatment in this life-threatening pathology.
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