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D analogue in the presence of persistent or
recurrent hypercalcemia (1B). In patients with
CKD stages 3-5D and hyperphosphatemia, we
suggest restricting the dose of calcium-based
phosphate binders in the presence of arterial
calcification (2C) and ⁄or adynamic bone
disease (2C) and ⁄or if serum PTH levels are
persistently low (2C)….’’ As also nicely
remarked in the commentary by the Canadian
Society of Nephrology (6), the recommendation
to restrict the dose of calcium-based phosphate
binders, although labeled as of high level (level
1) and based on studies of purportedly moder-
ate quality of evidence (B), mainly rests, in
reality, on observational findings. Common
sense clearly dictates that limiting calcium
intake in the presence of hypercalcemia and
vascular calcifications is beneficial. However,
how to implement such a recommendation is
not an easy matter because no phosphate
binder (including sevelamer and lanthanum
carbonate) has emerged as unequivocally supe-
rior to others with respect to relevant clinical
outcomes. Furthermore, longer dialysis is
another option to implement such a recommen-
dation. Trials investigating this issue are of
obvious importance but these trials are less
likely to be performed after the issuing of this
recommendation. Given the difference in cost
of calcium and noncalcium phosphate binders
(at least a 15 fold difference), this suggestion
has a huge impact on the total cost of ESRD
care. I believe that a comparative effective-
ness study—a direct comparison of different
phosphate binders in real-world settings to
determine the most effective treatment based
on individual characteristics—is a priority in
clinical research in patients with ESRD.

The KDIGO CKD–MBD guidelines represent the
best available synthesis of clinical data on which to base
the diagnosis, prognosis, and therapy of alterations in
mineral metabolism as it relates to bone disease in
patients withCKD.The open debatewithin the scientific
community and the commentaries issued after the publi-
cation of these guidelines (5,6) represent powerful stimuli
for advancing knowledge in this field and for ultimately
generating more solid clinical research data to support
nephrology practice. The ultimate goal is, and will
remain, improving the still largely unsatisfactory clinical
outcomes of dialysis patients.
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Introduction and Methodological Approach

Studies in the last decade have repeatedly shown that
abnormalities in mineral and bone metabolism are asso-
ciated with increased risk of death in patients on dialysis,
mainly from cardiovascular disease (1–3). Concern for
this risk prompted the National Kidney Foundation
(NKF) Kidney Disease Outcome Quality Initiative
(KDOQI) to issue its clinical practice guidelines for
mineral and bone metabolism in 2003 (4). In August
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2009, the Kidney Disease Improving Global Outcomes
(KDIGO), which reviewed more recent evidence,
published its first clinical practice guidelines for the
diagnosis, evaluation, prevention, and treatment of
Chronic Kidney Disease-Mineral and Bone disorder
(CKD-MBD) (5). The guidelines included interventions
for treatment of hyperphosphatemia, secondary hyper-
parathyroidism, and bone disease in patients with CKD
stages 3-5D. Given that the KDIGO guidelines are
based on more recent literature, its recommendations
are expected to replace those published previously by
KDOQI.
The KDIGOWorkGroup agreed a priori to evaluate

only randomized clinical trials (RCTs). Given the lack
of definitive RCTs for hard clinical outcomes in CKD-
MBD, most of the KDIGO clinical practice guidelines
on this entity were labeled as weak or discretionary.
Thus, like the K ⁄DOQI guidelines, KDIGO relied heav-
ily on expert opinion. We recognize the challenges that
members of the KDIGOWork Group faced in develop-
ing these guidelines; they are to be commended on their
extensive review of available evidence. Overall, the
guidelines provide useful recommendations for the man-
agement of CKD-MBD. However, there are some areas
that we believe should be the subject of further debate.
Because of space constraints, we restrict our comments
to only a few of the KDIGO recommendations as they
apply to patients on dialysis (CKD stage 5D). In parti-
cular, we will focus on the KDIGO treatment target
levels for serum phosphorus and iPTH.

Diagnosis of CKD-MBD: Biochemical
Abnormalities

In Chapter 4, the Work Group suggests using indi-
vidual values of calcium and phosphorus levels and
recommends abandoning the previously appreciated
calcium-phosphorus product (Ca · P), which may be
dominated by the contribution of serum phosphorus
concentration. The KDIGO does not specify a definite
target range for serum phosphorus but recommends
controlling serum phosphorus in patients on dialysis
by targeting the normal range of the general popula-
tion, i.e., 2.5–4.5 mg ⁄dl. Whereas we agree with the
comments advanced by the KDIGO working group
that there are no prospective studies that have specifi-
cally examined the benefits of targeting different phos-
phorus levels on patients’ outcome, clinical and
experimental studies suggest a causal relationship
between high phosphorus and secondary hyperpara-
thyroidism (sHPT), bone abnormalities, calcitriol defi-
ciency, and extraskeletal calcification (6–9). More
importantly, data from multiple epidemiological stud-
ies showed that both high and low levels of serum
phosphorus are associated with an increased relative
risk of mortality (1–3). Thus, there is a compelling
reason to control serum phosphorus in patients on
dialysis; the question is to what level.
The inflection point at which circulating phosphorus

appears to become significantly associated with
increased all-cause mortality in patients on dialysis has

generally been found to be>5.0 mg ⁄dl (1–3). However,
the level that may be associated with cardiovascular
calcification is probably lower than 5.0 mg ⁄dl (8).
Kestenbaum et al. showed that there is a 21% increased
risk of coronary artery calcification for each 1 mg ⁄dl
increase in serum phosphorus above 3 mg ⁄dl (8). Based
on these observations, we agree that the upper end of
target serum phosphorus should be 5.0 mg ⁄dl or less.
However, with respect to the lower end of serum phos-
phorus, levels <3.0 mg ⁄dl, although less common, have
also been shown to be associated with increased risk of
death; the critical level was <3.0 mg ⁄dl in a large study
from DaVita dialysis clinics and <2.0 mg ⁄dl from the
Dialysis Outcomes and Practice Patterns Study
(DOPPS) (2,9). These low levels may be caused by severe
dietary restriction, malnutrition–inflammation–cachexia
syndrome (MICS), or overuse of phosphate binders.
Thus, by recommending that serum phosphorus levels
<3.0 mg ⁄dl is an acceptable target, the working group
may inadvertently persuade patients and health care
providers to adopt a more strict dietary restriction,
which may lead to malnutrition and increased risk of
death (2,10).
Based on the previous discussion, we believe that

there is reasonable evidence from recent observational
studies that can be used to make an ungraded state-
ment on target range for serum phosphorus level.
According to KDIGO, ungraded statements provide
guidance that is based on common sense. Notwith-
standing the possible association of higher phosphorus
intake with poor outcomes (11), in our opinion, a
serum phosphorus level of 3.0–5.0 mg ⁄dL level meets
the common sense criterion as it would minimize the
adverse effects of hyperphosphatemia and at the same
time avoids the risk of attaining the malnutrition range
(Table 1). Moreover, this target is best achieved by
appropriate phosphate binder therapy rather than by
strict dietary restriction (10). In this regard, we believe
that the best binder that can control serum phospho-
rus is the one which is affordable, potent, has the low-
est pill burden, and which the patient is willing to take
(and tolerate), especially because nonadherence is a
major cause of uncontrolled hyperphosphatemia in
patients on dialysis (12). However, the imminent
implementation of bundled payments for dialysis ser-
vices may limit access to expensive medications such
as patented phosphate binders. We do hope that in the
near future, more effective and palatable phosphate
binders will become available to make this target
achievable in most patients.

Treatment of Abnormal PTH in CKD-MBD

In Chapter 4.2.3, the KDIGO recommends a target
range for iPTH level in patients on dialysis that has
already become quite controversial. The Work Group
raised concerns about problems with sample collection
for PTH and assay variability and questioned the
validity of absolute levels of PTH and their strict use as a
clinically relevant biomarker for targeting specific val-
ues. In particular, the group felt that using narrow
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ranges of PTH defining an ‘‘optimal’’ or ‘‘target’’ range
was neither possible nor desirable. Nonetheless, the
group expressed concern about the clinical consequences
of notmeasuring PTHand treating sHPT.

In an attempt to balance the methodological issues
of PTH measurement with the known risks and bene-
fits of excess PTH and treatment strategies, KDIGO
recommends an iPTH level that is 2–9 times the upper
limit of normal, i.e., approximately 130–600 pg ⁄ml for
patients on dialysis. This wide range is a major depar-
ture from the target level of 150–300 pg ⁄ml (2–3 times
the upper limit of normal) that was recommended by
the KDOQI in 2003. Interestingly, for CKD stages
3–5 not on dialysis, KDIGO recommends treating
patients in whom serum PTH is progressively rising
and remains persistently above the upper limit of
normal for the assay despite correction of modifiable
factors, with calcitriol or vitamin D analogs. Thus, the
working group recommends keeping the iPTH levels
for these patients below the 65 pg ⁄ml, the upper limit
of normal range. Therefore, the pathophysiologic basis
for the KDIGO recommendations with respect to
PTH level in various CKD stages seems inconsistent.
Moreover, the recommended target range for iPTH is
excessively wide and implies that no treatment is neces-
sary for iPTH levels up to 600 pg ⁄ml. Thus, in follow-
ing this guideline, clinicians may not be willing to
employ any intervention for managing patients on
dialysis with such obvious degrees of sHPT particu-
larly in the new era of bundling. Unfortunately, such
an approach is bound to result in an increased preva-
lence of osteitis fibrosa, and patients with such high
levels of PTH may become resistant to medical ther-
apy alone.

There are three important outcomes that should be
considered when recommending a target range for iPTH
level (Fig. 1). The first is the PTH relationship to bone
histomorphometry and risk of bone fracture. The sec-
ond is its association with cardiovascular calcification
(CVC) and all-cause mortality, and lastly the potential
of high PTH levels for systemic toxic effects.

PTH and Bone Turnover

We agree that a precise diagnosis of the underlying
bone histology in patients on dialysis can only be made
by bone biopsy. However, because of the invasiveness
and cost of the procedure along with other practice
related constraints, iPTH level has been used as amarker
to predict bone histology in patients on dialysis. Extreme
values of iPTH correlate with bone turnover. Levels
between these extremes generally do not predict bone
histology well and have not been associated with
patient-level outcomes. Moreover, most data on the
relationship between PTH and bone turnover have been
obtained with older assays that are no longer in use. The
recently introduced second generation iPTH assays have
their own limitations and their usefulness in predicting
the type of bone lesion in patients on dialysis is yet to be
determined.

In this regard, two recent studies that used the newer
Immulite assay tomeasure iPTH confirmed the dissocia-
tion between PTH levels and bone turnover (13,14).
Interestingly, in the study by Barreto et al. (14), 80% of
their patients with iPTH level<100 pg ⁄ml hadLTwhile
100%of thosewith iPTH level>400 had high bone turn
over (HT) after 1 year of treatment (F. Barreto, personal
communication). It is important to note, however, that a

Normal

Adynamic Bone Disease (ABD) Osteitis Fibrosa (OF)

65 100 200 300 400 500 > 600

Parathyroid Hormone (PTH) Level

12

Normal ABD, OF or Mixed Lesions

Risk of Fractures
Cardiovascular Calcification

Increased 
Mortality Risk

Other 
Co-morbidities

Fig. 1. Consequences of abnormal PTH level.

TABLE 1. Recommended target levels for serum phosphorus, calcium, and iPTH and the frequency of measuring alkaline phosphatase in

patients with chronic kidney disease stage 5 on dialysis

Organization Serumphosphorus Serum calcium iPTH Alk phos

KidneyDiseaseOutcomeQuality Initiative 3.5–5.5 8.4–10.2 150–300 Not specified
Japanese Society forDialysis Therapy 3.5–6.0 8.4–10.0 80–180 Monthly
KidneyDisease ImprovingGlobal Outcomes Normal range Normal range 130–585 Yearly
Authors 3.0–5.0 9.0–10.5 100–300 Monthly
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low iPTH levelmay not necessarily reflect a low turnover
(LT) disease but be a correlate of diverse conditions
includingMICS (15). Thus, targeting a range of 100–400
may reduce the risk of both LT andHT.We believe that
currently there is no single biochemical marker that can
accurately predict the type of bone turnover in patients
on dialysis. However, a combination of markers such as
iPTH, alkaline phosphatase, and bone-specific alkaline
phosphatase levels may afford a more precise noninva-
sive assessment of turnover in this population.

Serum PTH Level and Mortality

Epidemiologic studies have shown that high PTH
level is associated with increased risk of death and
cardiovascular disease (CVD) events. In nondialyzed
patients with CKD, Bhuriya et al. reported that iPTH
levels >70 pg ⁄ml were independently associated with
CVD events (16). In patients on dialysis, the inflection
point at which PTH becomes significantly associated
with increased all-cause mortality varied from
>400 pg ⁄m ⁄ (2) to >600 pg ⁄ml (1). In experimental
animals, high PTH levels increase cardiac contractility,
induce myocardial hypertrophy and interstitial fibrosis.
Clinical studies have also shown that high PTH may
contribute to the development of left ventricular hyper-
trophy, hyperlipidemia, insulin resistance, and impaired
glucose tolerance (17,18). Moreover, high PTH contrib-
utes to arterial stiffness and hypertension via its effect on
vascular endothelial function and its role in vascular
calcification (19). In addition, these high levels may
worsen anemia (20) and immunodeficiency of patients
on dialysis (21). Finally, high PTH levels are associated
with increased percentage of patients with hyperphos-
phatemia.
There are clearly noRCTs that examined the effects of

various levels of PTH on the various clinical outcomes
discussed above. For that reason, the KDIGO Work
Group considered that levels of iPTH <2 or >9 times
the upper limit of normal to represent extreme ranges of
risk. The major departure from KDOQI guidelines is
only in the upper end of the PTH range leaving the
impression that KDIGO was more concerned about

adynamic bone disease (ABD) than the potential for the
adverse consequences associated with high iPTH level.
The implication here is that ABD is more serious as it
is suspected to be associated with higher fracture rate
and faster progression of cardiovascular calcification.
However, there are no prospective studies that compared
the fracture rate or rate of progressionofCVC inpatients
withLT vs. thosewithHTbone disease.Moreover, there
are no RCTs that established a causative link between
ABDand cardiovascular outcomes. Indeed, studies have
shown that patients on dialysis who underwent parathy-
roidectomy have better survival and lower fracture risk
despite their low PTH levels (22,23). Finally, the Japa-
nese Society for Dialysis Therapy (JSDT) has indicated
the lowest mortality of patients on dialysis when PTH is
maintained in 60–180 pg ⁄ml range (seeFig. 2) (24).

Conclusions

In the absence of evidence from RCTs, we believe
that a narrower target range for iPTH of 100–
300 pg ⁄ml in patients on dialysis would probably be
more reasonable. In this range, a target level above
100 pg ⁄ml would probably avoid inducing LT disease,
while a maximum high level of 300–400 pg ⁄ml would
minimize HT bone lesions. We also believe that a rou-
tine practice that incorporates measuring both iPTH-
and bone-specific alkaline phosphatase would enhance
our ability to noninvasively assess bone turnover in
patients on dialysis. Finally, targeting these levels may
have value beyond that of bone disease because mark-
edly high or low levels of PTH and alkaline phosphatase
are associated with increased risk of death and higher
coronary artery calcium scores (25) (Table 1). In this
regard, it is remarkable that while JSDT recommends
an even lower iPTH range of 60-180 pg ⁄ml, their
patients experience superior patient survival rate and
better clinical outcomes (24).

References

1. Block GA,Klassen PS, Lazarus JM, OfsthunN, Lowrie EG, ChertowGM:
Mineralmetabolism,mortality, andmorbidity inmaintenance hemodialysis.
JAmSocNephrol 15:2208–2218, 2004

2. Kalantar-Zadeh K, Kuwae N, Regidor DL, Kovesdy CP, Kilpatrick RD,
Shinaberger CS, McAllister CJ, Budoff MJ, Salusky IB, Kopple JD: Sur-
vival predictability of time-varying indicators of bone disease inmaintenance
hemodialysis patients.Kidney Int 70:771–780, 2006

3. Young EW, Albert JM, Satayathum S, Goodkin DA, Pisoni RL, Akiba T,
Akizawa T, KurokawaK, Bommer J, Piera L, Port FK: Predictors and con-
sequences of altered mineral metabolism: the Dialysis Outcomes and Prac-
tice Patterns Study.Kidney Int 67:1179–1187, 2005

4. National KidneyFoundation:K ⁄DOQI clinical practice guidelines for bone
metabolism and disease in chronic kidney disease. Am J Kidney Dis 42:S1–
S201, 2003

5. KidneyDisease: ImprovingGlobal Outcomes (KDIGO)CKD-MBDWork
Group: KDIGO clinical practice guideline for the diagnosis, evaluation,
prevention, and treatment of chronic kidney disease–mineral and bone dis-
order (CKD-MBD).Kidney Int 76(Suppl 113):S1–S13, 2009

6. Giachelli CM: Vascular calcification: in vitro evidence for the role of inor-
ganic phosphate. JAmSocNephrol 14:S300–S304, 2003

7. Jono S, McKee MD, Murry CE, Shioi A, Nishizawa Y, Mori K, Morii H,
Giachelli CM: Phosphate regulation of vascular smoothmuscle cell calcifica-
tion.Circ Res 87:E10–E17, 2000

8. KestenbaumB, Sampson JN, RudserKD, Patterson DJ, Seliger SL, Young
B, Sherrard DJ, Andress DL: Serum phosphate levels and mortality risk

KDOQI
target
150-300
pg/ml

JSDT target
60-180 pg/ml

0           100        200        300         400        500        600        700        800        900     1000
Serum Intact PTH (pg/ml)

N=130,525 prevalent Japanese 
hemodialysis patients in 2007

KDIGO target
130-580 pg/ml

Our recommended PTH target
100-300 pg/ml

Fig. 2. Recommended iPTH target range.

32 Qunibi and Kalantar-Zadeh



among people with chronic kidney disease. J Am Soc Nephrol 16:520–528,
2005

9. Tentori F, Blayney MJ, Albert JM, Gillespie BW, Kerr PG, Bommer J,
YoungEW,AkizawaT,AkibaT, Pisoni RL,RobinsonBM,Port FK:Mor-
tality risk for dialysis patients with different levels of serum calcium, phos-
phorus, and PTH: the Dialysis Outcomes and Practice Patterns Study
(DOPPS).AmJKidneyDis 52:519–530, 2008

10. Shinaberger CS, Greenland S, Kopple JD, Van Wyck D, Mehrotra R,
Kovesdy CP, Kalantar-Zadeh K: Is controlling phosphorus by decreasing
dietary protein intake beneficial or harmful in persons with chronic kidney
disease?AmJClin Nutr 88:1511–1518, 2008

11. Noori N, Kalantar-Zadeh K, Kovesdy CP, Bross R, Benner D, Kopple JD:
Association of dietary phosphorus intake and phosphorus to protein ratio
with mortality in hemodialysis patients. Clin J Am Soc Nephrol 5:683–692,
2010

12. Kalantar-Zadeh K, Gutekunst L, Mehrotra R, Kovesdy CP, Bross R,
Shinaberger CS, Noori N, Hirschberg R, Benner D, Nissenson AR,
Kopple JD: Understanding sources of dietary phosphorus in the treatment
of patients with chronic kidney disease. Clin J Am Soc Nephrol 5:519–530,
2010

13. Barreto FC, BarretoDV,Moysés RMA,NevesKR,CanzianiMEF,Draibe
SA, Jorgetti V, Carvalho AB: K ⁄DOQI-recommended intact PTH levels do
not prevent low-turnover bone disease in hemodialysis patients. Kidney Int
73:771–777, 2008

14. Ferreira A, Frazao JM, Monier-Faugere MC, Gil C, Galvao J, Oliveira C,
Baldaia J, Rodrigues I, Santos C, Ribeiro S, Hoenger RM, Duggal A,
Malluche HH; Sevelamer Study Group: Effects of sevelamer hydrochloride
and calcium carbonate on renal osteodystrophy in hemodialysis patients.
JAmSocNephrol 19:405–412, 2008

15. Dukkipati R, Kovesdy CP, Colman S, Budoff MJ, Nissenson AR, Sprague
SM, Kopple JD, Kalantar-Zadeh K: Association of relatively low serum
parathyroid hormone withmalnutrition-inflammation complex and survival
inmaintenance hemodialysis patients. J RenNutr 20:243–254, 2010

16. BhuriyaR,Li S, Chen SC,McCullough PA,Bakris GL: Plasma parathyroid
hormone level and prevalent cardiovascular disease in CKD stages 3 and 4:
an analysis from the Kidney Early Evaluation Program (KEEP). Am J Kid-
neyDis 53(suppl 4):S3–S10, 2009

17. Schluter KD, Piper HM: Cardiovascular actions of parathyroid hormone
and parathyroid hormone-related peptide.Cardiovasc Res 37:34–41, 1998

18. Rostand SG, Drueke TB: Parathyroid hormone, vitamin D, and cardiovas-
cular disease in chronic renal failure.Kidney Int 56:383–392, 1999

19. Ejerblad S, Eriksson I, Johansson H: Uraemic arterial disease (An experi-
mental study with special reference to the effect of parathyroidectomy).
Scand JUrolNephrol 13:161–169, 2008

20. Meytes D, Bogin E, Ma A, Dukes PP, Massry SG: Effect of parathyroid
hormone on erythropoiesis. J Clin Invest 67:1263–1269, 1981

21. Massry SG, Alexiewicz JM, Gaciong Z, Klinger M: Secondary hyperpara-
thyroidism and the immune system in chronic renal failure. Semin Nephrol
11:186–201, 1991

22. Kestenbaum B, Andress DL, Schwartz SM, Gillen DL, Seliger SL, Jadav
PR, Sherrard DJ, Stehman-Breen C: Survival following parathyroidectomy
amongUnited States dialysis patients.Kidney Int 66:2010–2016, 2004

23. Trombetti A, Stoermann C, Robert JH, Herrmann FR, Pennisi P, Martin
PY, Rizzoli R: Survival after parathyroidectomy in patients with end-stage
renal disease and severe hyperparathyroidism. World J Surg 31:1014–1021,
2007

24. Fukagawa M, for the GuidelineWorking Group, Japanese Society for
Dialysis Therapy: Clinical practice guideline for the management of second-
ary hyperparathyroidism in chronic dialysis patients. Ther Apher Dial
12(6):514–525, 2008

25. Shantouf R, Kovesdy CP, Kim Y, Ahmadi N, Luna A, Luna C, Rambod
M, Nissenson AR, Budoff MJ, Kalantar-Zadeh K: Association of serum
alkaline phosphatase with coronary artery calcification in maintenance
hemodialysis patients.Clin J AmSocNephrol 4(6):1106–1114, 2009

Universal or Individual Screening for Vascular Calcification?
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In the recently published international clinical practice
guideline –KidneyDisease ImprovingGlobalOutcomes
(KDIGO) for Chronic Kidney Disease-Mineral Bone
Disorder (CKD-MBD) – one can read the following
statements:

‘‘In patients with chronic kidney disease (CKD) stages
3–5D, we suggest that a lateral abdominal radiograph
can be used to detect the presence or absence of vascu-
lar calcification (VC), and an echocardiogram can be
used to detect the presence or absence of valvular cal-
cification as reasonable alternatives to CT-based
imaging (2C).’’
‘‘We suggest that patients with CKD stages 3–5D
with known vascular ⁄valvular calcification be consid-
ered at highest cardiovascular risk (2A). It is reason-
able to use this information to guide management of
CKD-MBD (not graded)’’ (1).
There is no recommendation for universal screening

for VC because of the absence of hard evidence that

current treatment strategies have an impact on morbid-
ity andmortality associated with VC.

The assessment of VC was left to the discretion of the
caring physician and was deemed warranted in special
situations such as patients with significant hyperphos-
phatemia or on a transplant waiting list in whom VC
may impact therapeutic decision-making. Furthermore,
the majority of the KDIGO Work Group felt that:
‘‘….approaches to limit calcium intake from phosphate
binders in CKD patients with known vascular ⁄valvular
calcification are appropriate until definitive studies are
conducted’’ (1). The discord on this point can be read in
the fact that although the document points out that it is
reasonable to use the presence of VC to guide manage-
ment, this was not a graded recommendation.

It is well known that VC is highly prevalent in CKD
stage 5D and its prevalence increases steadily through
the stages of CKD. Its presence has been associated with
a several-fold increased risk of morbidity and mortality
both in the general population and in CKD stage 5D
patients. Because VC has a rapidly progressive character
and prognostic implications in CKD (as reported in the
KDIGO publication), its identification may become
crucial for the implementation of effective preventive
and therapeutic strategies. Therefore, the question of
screening should arise in the mind of physicians regard-
ing individual patients’ treatment strategies. Should
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