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Abstract

Background: Kidney transplantation is the treatment of
choice for chronic kidney disease (CKD), but in kidney trans-
plant recipients (KTRs) cardiovascular events are the first
cause of death with a functioning graft, ranging from 36 to
55%. The impact of vascular calcification (VC) on morbidity
and mortality of KTRs is not appreciated enough nowadays.
Summary: This review summarizes 13 important studies on
VCin KTRs, comparing the results with CKD and dialysis pop-
ulations. We focused on VC evaluation and use of coronary
artery calcification (CAC) and aorta calcification (AoC) scores.
We also evaluated the influence of traditional and non-tradi-
tional progression risk factors. Key Messages: VVC strongly
predicts cardiovascular events and all-cause mortality in
KTRs. VC assessment is important in KTRs and based essen-
tially on multislice computed tomography or electron beam
computed tomography recognition of lesions. Quantitative
measurement of CACand AoC scores is essential for a correct
definition of the calcium burden before and after kidney
transplant. Progression of CAC slows down but does not halt

after kidney transplant. A variable association of both tradi-
tional and non-traditional risk factors is shown. There is a
strong association between baseline CAC score and CAC
progression. A significant improvement in secondary hyper-
parathyroidism after transplantation favorably affects the
progression of CAC. Low 25(0OH)D; levels are an indepen-
dent determinant of CAC progression. Diabetes is a risk
factor for the presence of CAC in KTRs, but has not been
independently associated with CAC progression. The data
published on the use of immunosuppressive drugs as pro-
gression factors are few and inconclusive.
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Cardiovascular Disease and Vascular Calcification in
Kidney Transplant

Cardiovascular disease (CVD) is the leading cause of
death in kidney transplant recipients (KTRs), with a 3.5-
5% annual risk of fatal or non-fatal cardiovascular events,
much higher than in the general population despite ad-
justment for traditional risk factors. Death with graft
function (DWGF) accounted for 42% of graft loss among
KTRs: CVD is the most common cause of DWGF ranging
from 36 to 55% [1, 2].
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There are three CVD presentations, namely coronary
artery disease (CAD), left ventricular hypertrophy (LVH)
and peripheral vascular disease. Except for LVH, the
main lesions underlying and ultimately responsible for
the clinical manifestations are atheroma and vascular cal-
cification (VC), which often co-exist. Calcification in-
volves the entire vascular tree and is common in physio-
logic and pathologic conditions, i.e. aging patient, diabe-
tes, dyslipidemia, genetic diseases, and principally in
chronic kidney disease (CKD). In CKD patients, VC oc-
curs both in the subintimal space (where it is typically as-
sociated with atherosclerotic disease) and in the media
muscular layer of the arterial wall. Whereas intimal calci-
fication is classically associated with advanced stages of
atherosclerosis, calcification involving the muscular layer
of medium-sized and large arteries is a process that is
mainly linked with disorders of mineral metabolism and
diabetes [3]. These two types of calcification can co-exist
in the same vessel and be found near each other. Further-
more, intimal calcification seems to be more frequent
than medial calcification and more extensive in patients
on dialysis (particularly those with diabetes mellitus)
than in individuals with normal renal function [4]. Even
though intima and media calcification may vary in terms
of location along the arterial tree (proximal vs. distal),
clinical presentation and prognosis, in vivo studies in an-
imal models show evidence for common pathomecha-
nisms between VC and atherosclerosis and therefore ul-
timately between intima and media calcification [4].

In November 2013, we searched PubMed for original
articles on VCin kidney transplant. This search produced
48 papers, among which we selected 13 pertinent papers.
All papers were observational studies: 11 were prospec-
tive, 10 analyzed the prevalence or progression of VC, and
3 studied the impact of VC and vascular outcomes. The
prevalence of coronary artery calcification (CAC) in
KTRs is higher (61-75%) than that assessed in stage 3
CKD [5-7] and lower than that found in hemodialysis
patients [8], possibly due to a selection bias of KTRs upon
admission to the waiting list. The determinants associat-
ed with its presence are: age, dialysis vintage, time on
transplantation and high/low turnover bone disease [9].

As in CKD patients [10, 11], KTRs’ VC strongly pre-
dicts cardiovascular events and all-cause mortality over
conventional risk factors. Several imaging methods are
currently available to investigate VC, such as cardiac
computed tomography (CT), planar X-ray, echocardiog-
raphy and vascular ultrasound. Even using the most high-
ly performing imaging techniques presently available, it
is impossible to distinguish between intimal and medial
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calcification. By contrast, non-invasive imaging methods
have the potential to distinguish patients at increased risk
of future cardiovascular events and mortality from those
in whom the absence of VC may imply better prognosis.
Electron beam computed tomography (EBCT) and mul-
tislice computed tomography (MSCT) are well-validated,
non-invasive imaging methods and are considered the
standard reference for assessing CAC, aortic and valvular
calcification; they also carry no requirement for contrast
administration. Scores such as the Agatston score, vol-
ume score and mass score are used for quantification of
VC. The volume and mass scores are quantitative and
more reproducible measurements (mm?® or mg, respec-
tively), in addition to being more appropriate for use with
modern CT scanners than the Agatston score. However,
the Agatston score (semiquantitative) is the most fre-
quently used and reported method in medical literature.
The presence and extent of CAC, occurring only within
the setting of atherosclerosis, correlates with the overall
magnitude of the atherosclerotic plaque burden, severity
of stenosis and myocardial ischemia [12].

Similarly, any single isolated calcium deposit found
should be considered as an index for possible presence of
coronary disease. Again, aortic and valvular calcification
can be assessed by CT methods and has been associated
with mortality and cardiovascular events in non-renal
and CKD patients [13, 14].

Vascular Calcification Progression and
Cardiovascular Outcomes

The methods and the results of the studies focused on
CAC progression and cardiovascular outcomes are not
uniform (table 1). Early studies performed with short in-
tervals between CT assessments suggested that progres-
sion of CAC slows down or stops following an early
phase of progression. In a small study on 31 patients,
Oschatz et al. [15] observed a significant progression
within the first 6 months, but no significant change be-
tween months 6 and 12 after kidney transplant. In con-
trast, Moe and Chen [3] did not observe CAC progres-
sion and Bargnoux et al. [16] observed CAC progression
in 26.3% of their patients.

Further studies have evaluated CAC progression in re-
nal transplant recipients in a longer follow-up. Mazzafer-
ro et al. [17] compared 2-year CAC changes in 41 preva-
lent KTRs for at least 6 months and in 30 dialyzed pa-
tients: the progression was observed in 12.2% of the KTRs.
The authors concluded that renal transplantation favor-
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Table 1. The results of the largest studies on progression and cardiovascular outcome of VC after kidney transplant

Study Objective Participants,  Follow-up,  Progression Risk factor
n years
Maréchal et al., to assess the evolution of 197 4.40+0.28 CAC and AoC scores (mg) higher baseline CAC score,
2012 [19] CAC and thoracic AoC increased by a median of 11 history of cardiovascular event,
and 4% per year, respectively  use of a statin, and lower
25(OH)D; level
Seyahi et al., to determine the 150 2.8404 CAC prevalence increased to  baseline CAC, high triglyceride
2012 [18] progression of CAC 64.6% and mean CAC score and bisphosphonate use
10 94.9 + 245.7
Nguyen et al., to assess the prognostic 281 2.3%£0.5 16 patients died from CAC score
2010 [64] impact of CAC on cardiovascular or non-
cardiovascular event cardiovascular causes;
31 patients developed at least
one cardiovascular event
Mazzaferro et al., to study the 2-year change 41 2 12.2% transplant patients PTH, ESR
2009 [17] in CAC worsened
Roe et al., to determine if 112 1.5 mean CAC score was 367.7 WBC and CRP were predictive of
2010 [65] inflammatory markers were (682.3) CAC severity
predictive of CAC
Bargnoux et al., to assess the evolution of 83 1 CAC progressed in 26.3% of ~ baseline CAC
2009 [16] CAC patients
Oschatz et al., to measure the extent of 31 1 mean total Agatston score duration of pre-transplantation
2006 [15] CAC increased significantly from dialysis treatment and smoking
baseline to 6 months
(716 £ 980 vs. 916 + 1,307)
Schankel et al., to determine the natural 82 1 CAC score increased for all diastolic blood pressure,
2007 [23] history and risk factors subjects; mean annualized Caucasian race, glomerular

associated with CAC

rate of CAC score change
was 52.5

filtration rate at 3 months post-
transplant, BMI, CAC score

ESR = Erythrocyte sedimentation rate.

ably affects but does not halt CAC progression. When
Seyahi et al. [18] studied CAC progression in 150 preva-
lent KTRs without documented CVD, the median follow-
up time was 2.83 years. In patients with baseline CAC, the
median annualized rate of CAC progression was 11.1%,
while in patients without CAC at baseline the yearly inci-
dence rate of CAC was 12.5%.

The study by Maréchal et al. [19] was the first to assess
progression of both CAC and aorta calcification (AoC)
in alarge population of stable KTRs with a relatively long
follow-up. Indeed, it was the only that evaluated CAC
progression with a quantitative method. Their major
finding is that VC progresses substantially within 4 years
in prevalent KTRs: CAC increased by a median of 11%
per year and AoC increased by a median of 4% per year.
In 25% of patients, the yearly increase in CAC and AoC
was 23 and 17%, respectively. The authors did not assess
CAC incidence but found that among patients with an
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initial CAC score of 0 mg, a total of 83.3% once again had
a score of 0 mg. These discrepancies in CAC progression
on KTRs could be partially related to demographic and
clinical differences of the study populations, but there
are some other variables that should be considered in
CAC progression studies: (1) interscan variability of
CAC scoring; (2) a CAC score reflects the aggregate of
medial and intimal wall calcification: a different progres-
sion pattern can be expected for each type of calcifica-
tion, and (3) the optimal time interval for measuring
CAC progression is not defined. For the purpose of in-
terventional trials, intervals of at least 3 years were pro-
posed [20]. The time interval for measuring CAC pro-
gression is critical in transplantation where the risk fac-
tors relating to it start at the time of surgery. In two
different studies [18, 21], each additional year of follow-
up was associated with an average extra 17.5 Agatston
units of progression. Furthermore, the need for follow-
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up may be different, depending on the CAC baseline
score: in patients with a baseline CAC score of 0, progres-
sion of CAC seems non-linear and extremely low in the
first years, so the assumption that there is a constant rate
of CAC progression might be incorrect since there is a
lag period in which an individual without CAC may
show no progression [18].

Even with the above limitations and despite there be-
ing no control group available in the studies made on
KTRs, the comparison with two larges studies can pro-
vide useful data to analyze kidney transplant compara-
tively with both non-renal and HD patients in relation to
the yearly incidence rate of CAC. In KTRs the CAC inci-
dence rate is similar to that found in the Multi-Ethnic
Study of Atherosclerosis which ranges from 5% annually
in those <50 years of age to 12% in those >80 years of age
[21], while it is significantly lower than those found in HD
patients [22]. In KTRs, partly due to the calcification bur-
den of the dialysis period, CAC progression is a quite usu-
al process, although at a rate significantly lower than that
of HD patients [20, 22]. However, in two studies [19, 23],
25% of patients showed a yearly increase in CAC >23%
versus a median of 11%.

Regarding AoC prevalence and progression, the data
for KTRs are limited. DeLoach et al. [24] reported a prev-
alence of 34% in a cohort of incident transplant recipients
and demonstrated that aortic calcification is predictive of
cardiovascular events. Moe et al. [25] showed no signifi-
cant progression of AoC, probably due to a small cohort
and short follow-up. Maréchal et al. [19] for the first time
observed in KTRs that there is a positive correlation be-
tween absolute annualized progression of CAC and AoC;
moreover, AoC increased by a median of 4% per year.
Previous studies have shown the association between
CAD and AoC using EBCT [26, 27]. Adler et al. [28] not
only found by spiral CT that there was a significant asso-
ciation between presence of CAC and calcification of the
thoracic aorta but also that CAC is such a strong marker
of AoC that it eliminated most conventional risk factors
for atherosclerosis in multivariate analyses. The associa-
tion of CAC with AoC leads to some considerations. Un-
like the atherosclerotic nature of CAC, AoC is an expres-
sion of both intima and media calcification. However, it
must be emphasized that CAC and AoC often co-exist,
besides having a partially overlapping pathogenetic basis
(namely, aging and diabetes), so combination of the two
may express the same risk burden.

Many findings suggest that progression of VCin KTRs
is not homogeneous and is influenced by several factors,
some of which are unknown.

Vascular Calcification in Kidney
Transplant

Diabetes
Blood pressure 25-OH levels
Graft function Age

CAC at baseline Phosphorus
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PTH History of

Inflammation
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Fig. 1. Modification of risk factors for the progression of VC in
kidney transplant patients during the time following transplant.

Progression Risk Factors

One unanswered problem, in both non-renal patients
and CKD/KTRs, is why CAC progresses more in some
patients than in others. The few studies made on KTRs,
focusing on CAC progression, have shown a variable as-
sociation of both traditional (blood pressure, smoking,
dyslipidemia, age, body mass index and history of cardio-
vascular events) and non-traditional risk factors (CAC at
baseline, inflammation, hyperparathyroidism and dialy-
sis duration) (fig. 1) [18, 29-31]. The strong association
between baseline CAC score and CAC progression con-
firms previous studies on non-renal and hemodialysis pa-
tients [22]. The patients with CAC at baseline probably
came from a worse metabolic and inflammatory situation
and inherited a more severe vascular disease from the
pre-transplant period. In light of the strong link of CAC
(most likely related to the extent of atherosclerosis) with
ahistory of cardiovascular events in both ESRD and KTRs
[9,22,23], it is foreseeable that a history of cardiovascular
events may predict CAC progression [19].

Mineral Metabolism

While in ESRD patients CAC is mainly associated with
chronic disturbances of the mineral metabolism and in-
flammation [32], in KTRs the association of CAC with the
main CKD-mineral and bone disorder (CKD-MBD) me-
diators is less evident. Mazzaferro et al. [29], after an in-
terval of 2 years, detected a significant improvement in
the biochemical parameters of secondary hyperparathy-
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roidism in transplant patients which, as expected, favor-
ably affected the progression of CAC. A low 25(OH)D;
level is an independent determinant of CAC progression
in KTRs [9, 19]. In addition to its role in mineral and bone
metabolism, vitamin D has many other pleiotropic ef-
fects. Several studies have shown that vitamin D deficien-
cy is associated with increased risk of CVD and cardio-
vascular mortality whether in the general population [32,
33], in CKD or in hemodialysis patients.

Previous studies observed a negative correlation be-
tween vitamin D levels and endothelial function [34].
These findings support the hypothesis that vitamin D de-
ficiency is associated with endothelial dysfunction, a pre-
requisite of both atherosclerosis and arteriosclerosis and
hence of intima and medial calcification [35]. Currently
no intervention studies have demonstrated the efficacy of
vitamin D therapy in the prevention or treatment of VC
in kidney transplantation.

Hyperphosphatemia has been associated with the prev-
alence and progression of VC in CKD and dialysis patients
[36, 37]. Phosphate directly induces a calcifying pheno-
type in vascular smooth muscle cells as well as endothelial
dysfunction and intima calcification [38, 39]. However,
although Connolly et al. [40] demonstrated that serum
phosphate levels were significantly associated with mor-
tality, none of the prospective studies carried out in these
patients showed a significant association between CAC
progression and phosphate levels. Only one study [19],
using a multivariable regression model, identified that
phosphate levels are independent determinants of aortic
calcification progression. One possible explanation for
these contradictory results may lie in the normalization of
phosphate values after transplantation. However, despite
fibroblast growth factor 23 (FGF-23) being the principal
regulator of phosphate handling, its possible role on VC
is still an underexplored area of investigation in KTRs. In
CKD patients, FGF-23 levels are strongly associated with
mortality, regardless of the phosphate concentration [41],
and have been surmised to play a role in LVH, endothe-
lial function, CAC and atherosclerosis [42]. In KTRs, high
FGF-23 levels may persist for a long time, partly as conse-
quence of steroid therapy and parathormone (PTH) [43].
In a study on 984 prevalent KTRs, elevated FGF-23 levels
were independently associated with greater subsequent
risks of mortality and allograft loss [44].

Calcification Inhibitors

Despite the powerful pro-calcification effect of the
above-mentioned factors, some patients do not develop
CAC and it rarely develops in follow-up.
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In previous studies on non-renal patients with no CAC
at baseline [20], no CAC progression developed in 62—
75% of patients. In a study on KTRs, 65% of 97 patients
with no baseline CAC did not convert to a positive score
after 2.8 years [18]. Among selected patients Maréchal et
al. [19] found a CAC score of 0in 24.4% and an AoC score
of 0in 18%. Respectively 83.3% (40) and 75% (27) still had
a score of 0 after 4 years of follow-up. We have no exact
explanations for patients who remain free of VC in the
follow-up, but we can assume that such patients may be
genetically protected or have high levels of calcification
inhibitors or both (see below).

There are few data about changes to the proteins in-
volved in VC in KTRs, although some authors [29, 45]
have reported a trend toward normalization for serum
levels of calcification inhibitors after transplantation: fe-
tuin-A, matrix Gla protein (MGP) and osteoprotegerin
(OPG). Fetuin-A serum levels are responsible for approx-
imately 50% of the calcification inhibitory capacity of
normal human plasma, so higher values are expected to
be protective for calcification. MGP exerts its inhibitory
effect at the tissue level after vitamin K-dependent
y-carboxylation activation. OPG, mainly produced by os-
teoblasts and cardiovascular cells, is a decoy receptor ac-
tivator for the receptor activator of nuclear factor-xB li-
gand (RANKL). By binding RANKL and preventing the
interaction with RANK, OPG inhibits the differentiation
of osteoclast precursors into mature osteoclasts. The
same effect takes place on VC, where OPG hinders the
differentiation of monocytes/macrophages into an osteo-
clast-like cell phenotype favoring the prevalence of osteo-
blast-like cells and thus the progression of VC.

The fetuin-A reduction has been related to the pres-
ence of alower degree of inflammation in KTRs. Maréchal
et al. [19] showed that low fetuin-A levels are indepen-
dently associated with AoC and predict a higher risk of
long-term cardiovascular events and deaths in KTRs. The
risk related to low fetuin-A is influenced by inflamma-
tion, while fetuin-A levels are determined by a common
haplotype of the a,-Heremans-Schmid glycoprotein as
well as by low plasma cholesterol and a history of smok-
ing.

There are at least two variables that can affect the levels
of MGP activity. Yoshikawa et al. [46] assessed that poly-
morphism in the MGP gene is associated with the pro-
gression of VC in HD patients. Low vitamin K status due
to poor intake or the use of vitamin K antagonists results
in high uncarboxylated MGP (ucMGP) levels and is as-
sociated with VCin all populations. The plasma desphos-
pho-ucMGP (dp-ucMGP) fraction is considered a mark-

Cianciolo/Capelli/Angelini/Valentini/
Baraldi/Scolari/Stefoni

$20z 14dy 0z uo 3senb Aq jpd-z6+29£000/068.2022/81 ¥/S/6E/4Pd-8jo1e/ule/wod ebiex mmm//:diy woly pepeojumoq



er for vascular vitamin K status [47]. However in their
study, Mazzaferro et al. [29] did not differentiate between
carboxylated and unMGP. Boxma et al. [48] found that
insufficient vitamin K intake and vascular vitamin K in-
sufficiency (deduced from circulating dp-ucMGP levels)
were very common in a population of stable KTRs and
identified warfarin use as an independent determinant of
dp-ucMGP levels. All these findings lead one to believe
there is an association between use of anticoagulant drugs
and VC. However, no study has so far verified the effect
of vitamin K therapy in this population. In non-renal and
renal patients, increased levels of OPG are associated with
all-cause mortality and cardiovascular outcome in both
HD patients [49] and KTRs [50]. The increase in OPG
could follow on the fact that it is simultaneously being
synthesized in vessel walls by activated osteoblast-like
cells responsible for calcification.

The improvement in CKD-MBD, along with normal-
ization of calcification inhibitory proteins following suc-
cessful transplantation, could be a possible key to under-
standing the reduced progression of CAC in KTRs com-
pared to HD patients [24, 29].

Diabetes

Diabetes is a known predictor of CAC in KTRs [9, 30],
but has not been independently associated with CAC pro-
gression in any of the prospective studies conducted so
far. Mehrotra et al. [31] found that diabetics with ne-
phropathy were more likely to have progressive calcifica-
tions when compared with normoalbuminuric diabetic
subjects. Schankel et al. [23] hypothesized that much of
the effect of diabetes on CAC is mediated by renal func-
tion, which was improved in this cohort after renal trans-
plant. Other studies that have shown progression of CAC
in diabetics failed to adjust for renal function measure-
ments [51]. Moreover, they were unable to find any dif-
ference in glucose levels between progressors and non-
progressors at the time of transplant or at 3 months. Sub-
optimal glycemic control (HbA ;. >7.5%) was found to be
a strong risk factor for progression of CAC in a cohort of
109 type 1 diabetics [52]; hyperglycemia has been found
to directly induce phenotypic change of vascular smooth
muscle cells to osteoblast-like cells with increased bone
matrix protein expression [53]. Unfortunately, in other
prospective studies made on KTRs no information on ad-
equate glycemic control during follow-up was included.

Drugs
Despite the important role that immunosuppressive
therapy plays in graft and patient survival, few studies
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Fig. 2. Role of immunosuppressive drugs in post-transplant bone
disease, the development and progression of VC in kidney trans-
plant patients.

have analyzed its impact on the incidence and progres-
sion of VC (fig. 2). Notwithstanding this, cardiovascular
risk factors directly or less directly related to immunosup-
pressive drugs, such as hyperlipidemia, hypertension, di-
abetes, and endothelial dysfunction, tend to be associated
with VC. Proliferation inhibitors such as mycophenolate
mofetil (MMF) have a more favorable effect on endothe-
lial activity than do calcineurin inhibitors and steroids
[54].

Nguyen et al. [9] found that a longer time spent under
MMEF was protective against aortic calcification, while ex-
perimental studies have demonstrated that MMF inhibits
vascular smooth muscle cell proliferation in rats [55]. Ste-
roids and calcineurin inhibitors inhibit inducible nitric
oxide, thus helping to determine endothelial dysfunction
associated with onset and progression of atherosclerosis
and VC. Much more complex are the vascular effects of
mTOR inhibitors. Rapamycin inhibits smooth muscle cell
proliferation, while everolimus impairs the vasoactive and
antithrombotic function of endothelial cells. Some studies
suggest a relationship between VC and impaired bone me-
tabolism as well as an involvement of immunosuppressive
drugs on expression, regulation, and function of RANKL,
RANK, and OPG system working in skeletal and vascular
systems. In particular, sirolimus inhibits osteoclast forma-
tion, unlike steroids and cyclosporine [56].

Hence, the hypothetical effect of immunosuppressive
therapy on VC could be mediated indirectly, by interfer-
ing with post-transplant bone loss, and directly through
effects that the same drugs exert on vascular cells (endo-
thelial cells, vascular smooth muscle cells) through inter-
mediation of the RANKL, RANK, and OPG systems.
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Maréchal et al. [19] argued that statin treatment is pre-
dictive of CAC and AoC progression in KTRs. The argu-
ment may, of course, be circular, patients with adverse
risk profiles being more likely to be on statin therapy.
However, there are other interpretations of this result.
While it is possible to induce regression of the portion of
non-calcified plaque with statin therapy, it is unknown
whether this is possible with the portion of calcified
plaque. Pathologically, statins have been shown to pro-
mote microcalcification, which might increase the CAC
score even though total atherosclerosis is reduced on
statin therapy [57]. Moreover, when statins reduce the
soft lipid core of a calcified plaque, the density of the
plaque and its Agatston calcium score might increase,
whereas its volume might decrease.

CAC Assessment

There is an ongoing debate on the use of CAC scoring
as a screening tool since the presence of calcium in cor-
onary arteries is pathognomonic of atherosclerosis.
CAQC, detected and quantified by CT, affords a reliable
linear anatomic estimate of the total plaque burden and
is taken clinically as a ‘calcium score’. In the general
population, the presence of CAC is associated with
symptoms of coronary ischemia and there is a trend to-
wards higher rates of coronary ischemia by scintigraphy
in patients with severe CAC [5, 58]. In these studies the
prevalence of silent myocardial ischemia by scintigra-
phy was found to be between 10.4 and 46% in patients
who had a CAC score >400. Since CAC scores are high-
er in transplant recipients, it is reasonable to say that a
higher (>400) CAC score cut-off level should be used
before asymptomatic candidates for renal transplanta-
tion are screened for myocardial ischemia. Numerous
studies indicate that the CAC score correlates with the
number and severity of conventional risk factors but is
also an independent marker for the risk of coronary
events, after adjustment for those conventional risk fac-
tors [59, 60].

Nearly all prospective studies have found that not only
should conventional risk factors and the Framingham
risk score be considered as predictors of future cardio-
vascular events, but that even moderate-to-high CAC
should also be considered as an independent and incre-
mental predictor of future cardiovascular events. Several
studies carried out on dialysis patients and KTRs, as well
as in the general population, have shown a strong asso-
ciation between a history of cardiovascular events and
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mortality with CAC [6]. Despite this, there is no clear
indication for including non-contrast CT in the instru-
mental diagnostic procedure to detect the presence and
entity of the calcium load and hence also subclinical ath-
erosclerosis in kidney transplantation candidates and
KTRs.

The 2010 ACCF/AHA Guidelines for Assessment of
Cardiovascular Risk consider measurement of CAC for
cardiovascular risk reasonable in asymptomatic patients
atintermediate and low-to-intermediate risk. On the oth-
er hand, the 2009 KDIGO guidelines state that the KTRs
must be considered high-cardiovascular-risk patients
[61]. Unexpectedly, a scientific statement by the same so-
ciety spoke of being uncertain how useful CT calcium
scoring might be for the assessment of pre-transplanta-
tion cardiovascular risk [62]. A rational approach here
could be to integrate the CAC score with that of the Fram-
ingham risk score. Degoma et al. [63] demonstrated that
the incorporation of low-, high- and very-high-risk CAC
values using the MESA risk score resulted in greater
changes in the absolute risk of CAC as a predictor of mor-
tality.

Conclusions

In KTRs, VC is to some extent a legacy. The burden of
risk factors present before transplantation is bound to
worsen during the phase of ESRD, as well as being condi-
tioned by demographic and clinical patient characteris-
tics. The measurement of CAC and AoC scores is essen-
tial for a correct definition of the calcium burden before
kidney transplantation, and possibly incorporating it in
comprehensive models of other CVD risks. Kidney trans-
plantation slows, but does not halt, the progression of
both CAC and AoC compared to the pattern observed in
hemodialysis patients. Is not clear from the literature re-
view what causes this reduction. We can only assume that
the regression of the uremic milieu plays a fundamental
role. The progression of VC after renal transplantation is
conditioned by the calcification score at baseline and by
the action of Framingham factors (dyslipidemia, blood
pressure, smoking). The role of diabetes is not clear in the
studies analyzed. CKD-MBD improvement has a positive
influence on the calcification progression rate. Reduced
fetuin-A levels and reduced activity of MGP are found in
KTRs with VC. We are not able to determine whether and
what role immunosuppressive therapy may play either
through a direct action on the vascular wall or indirectly
through effects on the process of bone remodeling. In ad-
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dition, we still do not know why a subset of patients

should have zero calcification score, nor have 0 CAC pa-

tient characteristics been well described. However, we can

assume that such patients may be genetically protected or

have high levels of calcification inhibitors, or both. We
believe further studies are needed, focusing on the impact

of these last points.
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