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Complicatons of CKD-MBD after renal 
transplantation (KTx)

• Skeletal deformities, e.g. genu valgus/ varum
• Bone pain
• Fractures (fracture risk 140fold increased compared to general population)

• Osteonecrosis / osteoporosis 
• Impaired bone mineralization (up-to 35%)

• Growth failure 
• Ectopic (vascular) calcifcations, arterial stiffness
• Left ventricular hypertrophy / dysfunction

Haffner D et al, Curr Opin Pediatr 2014; Sgambat K et al, Fronierts in Pediatrics 2014; Helenius I et al JBMR 2006
KDIGO 2017 Clinical Practice Guideline Update on CKD-MBD, Kidney Int 2017



CKD-MBD after KTx: contributing factors: 

• Preexisting renal osteodystrophy / CV changes

• Immunosuppression (steroids, CNI)

• Alterations in PTH / vitamin D / FGF23 axis

• Changes in mineral metabolism (phosphateê, magnesiumê)

• Acidosis 

• Unhealthy diet 

• Reduced physical activity, muscle deficits

• Impaired graft function (reduced eGFR, acidosis)

Haffner D et al, Curr Opin Pediatr 2014; Sgambat K et al, Fronierts in Pediatrics 2014
KDIGO 2017 Clinical Practice Guideline Update on CKD-MBD, Kidney Int 2017



ü Promote osteonecrosis (femoral head)

ü Promote osteoporosis, cortical thinning è increased fracture risk

ü Impair growth by reducing Ca absorption, osteoblast proliferation & IGF1 synthesis

ü Promote obesity & hypertenison

........

Steroids

Haffner D et al, Curr Opin Pediatr 2014; Sgambat K et al, Frontiers in Pediatrics 201



Baia LC et al, Nat Rev Nephrol 2015; 11: 656-666



Increased PTH, FGF23, and hypophosphatemia

• Persisting elevated PTH levels in case of severe 2nd or tertiary 
hyperparathyroidism prior to KTx

• Pretransplant elevation of FG23 are the strongest predictor of post-
transplant elevation of FGF23, and FGF23 levels independently predict 
hypophosphatemia and low 1,25 vitamin D levels.
- Consequence: decreased osteoblast activity and

progressive bone demineralization
• Chronic allograft nephropathy* may result in elevated FGF23 & PTH-levels

Wesseling-Perry K et al, Ped Nephrol 2013; Haffner D et al, Curr Opin Pediatr 2014
Sgambat K et al, Fronierts in Pediatrics 2014

* interstitial fibrosis and tubular atrophy (IF/TA), without evidence of any specific etiology
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because of its invasive nature, bone histology is
rarely performed in KTx recipients, specially in chil-
dren. One cross-sectional study published in 1998
showed that 10% of patients displayed adynamic
bone disease and 23% high bone turnover disease
[17]. Persistent findings of renal osteodystrophy in
about one third of patients, despite successful KTx, is

most likely due to the deleterious effects of gluco-
corticoids on bone, persistent hyperparathyroidism,
and vitamin D deficiency. Treatment with recombi-
nant human growth hormone (GH) results in
increased osteoblastic activity, bone formation,
and turnover in these patients. However, data on
this topic are limited to one small study [18].

BONE MINERAL DENSITY AND CORTICAL
STRUCTURE
The majority of studies evaluating bone disease in
CKD patients has used dual-energy X-ray absorpti-
ometry (DXA) as a measure of bone mineral density
(BMD) [19]. By use of DXA, normal BMD values are
observed in pediatric KTx recipients when data are
corrected for the degree of growth retardation [20].
DXA does not allow for distinction of the effects of
renal osteodystrophy on trabecular and cortical
bone. The latter is of importance as trabecular and
cortical bone often react differently in CKD patients.
In addition, DXA cannot differentiate between
calcium accumulation in the bone and that in sur-
rounding soft tissue, which is often the case in
patients with end-stage CKD. Probably, as a result
of these limitations, BMD determined by DXA does
not correlate with fracture risk in pediatric KTx
recipients and its clinical use is no longer recom-
mended in pediatric CKD [21].

Peripheral quantitative computed tomography
(pQCT) is a three-dimensional technique that
distinguishes between trabecular and cortical
bone, and measures volumetric BMD and bone
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FIGURE 2. Course of serum phosphorus levels after
pediatric renal transplantation. Serum phosphorus values in
patients with pretransplantation plasma fibroblast growth
factor 23 (FGF-23) concentrations below the median value
(closed bars) as compared with patients with
pretransplantation FGF-23 values above the median (open
bars). Shaded area¼ normal range. Serum phosphorus
concentrations decreased over time (P<0.01), with a
greater decline in patients with higher pretransplantation
FGF-23 concentrations (P<0.001).
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FIGURE 1. Course of plasma fibroblast growth factor 23 (FGF-23) levels after pediatric renal transplantation. Plasma
fibroblast growth factor 23 (FGF-23) values in patients with pretransplantation FGF-23 concentrations below the median value
(closed circles) as compared with patients with pretransplantation FGF-23 values above the median (open circles). Shaded
area ¼ normal range. FGF-23 concentration values declined over time (P<0.001), and individuals with higher
pretransplantation FGF-23 values had higher posttransplantation values (P<0.001).
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FIGURE 1. Course of plasma fibroblast growth factor 23 (FGF-23) levels after pediatric renal transplantation. Plasma
fibroblast growth factor 23 (FGF-23) values in patients with pretransplantation FGF-23 concentrations below the median value
(closed circles) as compared with patients with pretransplantation FGF-23 values above the median (open circles). Shaded
area ¼ normal range. FGF-23 concentration values declined over time (P<0.001), and individuals with higher
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dimensions [19]. Either the radius or the tibia can be
used and norm values allow for calculation of age-
related and sex-related Z-scores. There are three
cross-sectional studies reporting on pQCT results
in pediatric KTx patients [22–24]. In all studies,
height-adjusted cortical thickness was significantly
reduced compared with controls. Recently, the
results of a prospective, longitudinal study

evaluating the course of BMD and cortical structure
after KTx by use of pQCT in pediatric patients were
reported [25&&]. At the time of KTx, patients revealed
significantly lower mean section modulus, which is
a measure of bone strength, and muscle mass com-
pared with healthy individuals (Fig. 6). Trabecular
BMD was significantly greater than in controls in
patients aged less than 13 years (Fig. 7). It is well
known that secondary hyperparathyroidism results
in the transformation of metaphyseal spongiosa to
diaphyseal spongiosa in children suffering from
CKD [26]. Therefore, the observed increased trabec-
ular BMD in this study might be at least partly
related to PTH effects on the metaphysis. After
KTx, trabecular BMD was normalized within 1 year
(Fig. 7). Whether KTx is able to improve trabecular
microarchitecture is unknown, and further studies
using new techniques such as high-resolution pQCT
or MRI are needed to answer this question [27,28&].
Cortical BMD, which was reduced at the time of
KTx, increased significantly in association with
greater glucocorticoid exposure and decreases in
PTH levels. However, the most important result of
this study was that although muscle mass was nor-
malized after KTx, the section modulus as a measure
of bone strength did not improve within 12 months
post KTx and remained significantly reduced com-
pared with healthy children (Fig. 6). Thus, despite
significant improvement in secondary hyperpara-
thyroidism, KTx is associated with persistent deficits
in cortical dimensions and consequently of bone
strength [29]. Cortical thinning is a significant risk
for fractures in adult CKD patients [30]. Therefore,
the persistent cortical deficits in pediatric KTx
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FIGURE 4. Course of circulating 1,25(OH)2 vitamin D values after pediatric renal transplantation. Circulating 1,25(OH)2
vitamin D values in patients with pretransplantation plasma fibroblast growth factor 23 (FGF-23) concentrations below the
median value (closed bars) as compared with patients with pretransplantation FGF23 values above the median (open bars).
Shaded area¼ normal range. 1,25(OH)2 vitamin D values increased with time (P<0.01), with a greater increase observed in
subjects with higher baseline FGF-23 concentrations (P<0.001 for the interaction between preoperative FGF-23 and time).

60

40

20

0
0 1 2

Time post transplantation (days)

FePO4 (%)

3 4 5 180

FIGURE 3. Course of fractional excretion of phosphate in
pediatric renal transplantation. Fractional excretion of
phosphate (FEPO4) values in patients with pretransplantation
plasma fibroblast growth factor 23 (FGF-23) concentrations
below the median value (closed bars) as compared to
patients with pretransplantation FGF-23 values above the
median (open bars). Shaded area¼ normal range.
Postoperative renal phosphate excretion was related to both
preoperative FGF-23 level (P<0.01) and time (P<0.001).
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FIGURE 4. Course of circulating 1,25(OH)2 vitamin D values after pediatric renal transplantation. Circulating 1,25(OH)2
vitamin D values in patients with pretransplantation plasma fibroblast growth factor 23 (FGF-23) concentrations below the
median value (closed bars) as compared with patients with pretransplantation FGF23 values above the median (open bars).
Shaded area¼ normal range. 1,25(OH)2 vitamin D values increased with time (P<0.01), with a greater increase observed in
subjects with higher baseline FGF-23 concentrations (P<0.001 for the interaction between preoperative FGF-23 and time).
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plasma fibroblast growth factor 23 (FGF-23) concentrations
below the median value (closed bars) as compared to
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median (open bars). Shaded area¼ normal range.
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patients may have important long-term con-
sequences. Indeed, in the study of Terpresta et al.
approximately 10% of patients suffered fractures
within 6 months post KTx [25&&]. Persistent cortical
deficits may at least be partly due to glucocorticoid

treatment. Steroids are known to impair bone for-
mation through inhibition of osteoblast differen-
tiation and to increase osteoclast activity [31]. In
addition, they are known to impair calcium absorp-
tion from the gut, gonadal hormone production,
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FIGURE 6. Section modulus and muscle area Z-scores assessed by peripheral quantitative computed tomography (pQCT) after
pediatric renal transplantation. Section modulus is derived by pQCT and is a measure for bone strength. At the time of
transplantation, section modulus, and muscle area were significantly reduced in patients compared with controls. After
transplantation muscle area was normalized, whereas section modulus did not significantly improve over time.
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FIGURE 5. Course of circulating parathyroid hormone (PTH) levels after pediatric renal transplantation. Circulating first
parathyroid hormone-immunometric assays (1st PTH-IMA) values in patients with pretransplantation plasma fibroblast growth
factor 23 (FGF-23) concentrations below the median value (closed circles) as compared with patients with pretransplantation
FGF-23 values above the median (open circles). Shaded area (10–65 pg/ml)¼ normal range. PTH levels declined in all
subjects posttransplantation (P<0.05); no differences were observed based on pretransplantation FGF-23 values.
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and insulin-like growth factor-1 synthesis [32–35].
Further studies in children on steroid sparing and/or
steroid-free protocols are needed to evaluate
whether KTx enables normalization of cortical def-
icits in children. Finally, the overall decreased
physical activity in KTx patients may be another
important contributing factor [36].

GROWTH
Although many of the metabolic and endocrine
disorders contributing to uremic growth failure
are resolved by KTx, posttransplant catch-up growth
is usually restricted to young children and occurs far
from regularly [37–39]. Beyond transplant function,
age and degree of stunting at the time of transplan-
tation, glucocorticoid dosage is inversely associated
with longitudinal growth as well [37]. In a recent
randomized trial on late steroid withdrawal in trans-
planted children, steroid-free patients showed
improved growth compared with controls (i.e.,
change in height SD score (SDS); 0.6!0.1 versus
"0.2!0.1) within 27 months [40]. However, catch-
up growth in pubertal patients was rather limited
compared with that in prepubertal patients. The
results of a recent retrospective analysis on longi-
tudinal growth in a cohort of 74 children being
weaned-off steroids within 6 months of KTx are
encouraging [41&&]. Mean adult height amounted
to "0.5!1.1 SDS and "1.0!1.3 SDS in prepubertal
and pubertal patients and was within the normal

range (>"2 SD) in 94 and 80% of them (Fig. 8).
Complete steroid avoidance improved standardized
height by 1.0 SDS within 36 months post-KTx [42&&].
Treatment with GH is an effective and well tolerated
measure to improve growth in pediatric KTx
patients [43,44]. This is of special importance in
patients with reduced GFR, wherein catch-up
growth is limited even when steroids are withdrawn.
Taken together, efforts to avoid a height deficit
before KTx, such as GH treatment, early (preemp-
tive) KTx, and the use of efficacious immunosup-
pressive strategies for optimized graft function and
early withdrawal, or even complete avoidance of
steroids, are required to improve final height in
children after KTx.

ECTOPIC CALCIFICATIONS
The cardiovascular mortality in children and young
adults suffering from end-stage CKD is approxi-
mately 500-fold increased compared with the
healthy population, but mortality rates are substan-
tially lower in transplanted children compared with
children on dialysis [45&&]. Recent experimental and
clinical studies demonstrated that hyperphosphate-
mia, FGF-23 excess, and ectopic (vascular) calcifica-
tions are major cardiovascular risk factors [46&&].
Vascular calcifications develop primarily in the tun-
ica media and hyperphosphatemia was shown to
directly stimulate vascular calcification in CKD [47].
The skeletal reservoir function in phosphate balance
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patients may have important long-term con-
sequences. Indeed, in the study of Terpresta et al.
approximately 10% of patients suffered fractures
within 6 months post KTx [25&&]. Persistent cortical
deficits may at least be partly due to glucocorticoid

treatment. Steroids are known to impair bone for-
mation through inhibition of osteoblast differen-
tiation and to increase osteoclast activity [31]. In
addition, they are known to impair calcium absorp-
tion from the gut, gonadal hormone production,
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FIGURE 6. Section modulus and muscle area Z-scores assessed by peripheral quantitative computed tomography (pQCT) after
pediatric renal transplantation. Section modulus is derived by pQCT and is a measure for bone strength. At the time of
transplantation, section modulus, and muscle area were significantly reduced in patients compared with controls. After
transplantation muscle area was normalized, whereas section modulus did not significantly improve over time.

10
0 1

Time post transplantation (days)
2 3 4 5 180

100

1# PTH•IMA (pg/mL) 1000

FIGURE 5. Course of circulating parathyroid hormone (PTH) levels after pediatric renal transplantation. Circulating first
parathyroid hormone-immunometric assays (1st PTH-IMA) values in patients with pretransplantation plasma fibroblast growth
factor 23 (FGF-23) concentrations below the median value (closed circles) as compared with patients with pretransplantation
FGF-23 values above the median (open circles). Shaded area (10–65 pg/ml)¼ normal range. PTH levels declined in all
subjects posttransplantation (P<0.05); no differences were observed based on pretransplantation FGF-23 values.
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Cardiovascular comorbidity & risk factors in 
pediatric KTx patients

• Uncontrolled / untreated hypertension (> 90 Pct.): 41%
• Left ventricular hypertrophy: 43%
• Arterial stiffness (increased PWV): 22%
• Atherosclerosis (increased cIMT): 58%
• Obesity: 17%
• Elevated LDL cholesterol: 34%
• Reduced HLD: 28%

Borchert-Mörlins B et al, Ped Nephrol 2017; 32: 2143-2145



Major risk factors associated with CV target organ
damage in pediatric KTx patients

• Hypertension

• Low eGFR

• Elevated BMI

• Steroids

Borchert-Mörlins B et al, Ped Nephrol 2017; 32: 2143-2145; Schmidt B et al, Transplantation 2018; 102: 484-492



IMT
IMT SDS at baseline was not different between the groups

(Table 4). The increase in the dialysis group was larger
compared with the transplantation group (P = 0.21) leading
to significantly higher IMT SDS values in the dialysis
patients after RRT start (P = 0.013) (Table 4). Multivariate
linear regression modeling again highlighted the significant
effect of RRT modality (Table 5) independent of the effects
of IMT SDS before RRT start (P < 0.001), the use of
antihypertensive drugs (P = 0.007), and the increase in
BMI SDS (P = 0.003). The corrected means for IMT SDS
change in the dialysis group showed a significant increase
of 0.33 (95% CI, 0.13-0.52), while a decrease of 0.11 (95% CI,
−0.32-0.10) was detected in the transplantation group
(P = 0.003) (Figure 2A).

LVMI
LVMI before start of RRT, after start of RRT and the re-

spective change did not differ significantly between the
groups (Table 4). Matching this, in the multivariate model
RRT modality showed no effect on LVMI during this early
period after RRT start (Table 5). However, systolic blood
pressure showed a strong impact on change in LVMI (P = 0.01).
Accordingly, we did not see any differences in the corrected
means between both groups (Figure 2B).

Regarding all 3 outcomes, the complete case analyses re-
vealed similar results (data not shown).

DISCUSSION
This is the first prospective comparison of the evolution of

subclinical cardiovascular damage in patients undergoing ei-
ther preemptive transplantation or dialysis as initial RRT.
Our study has been performed in children, but there is also
no comparable longitudinal study following many adult pa-
tients. We investigated the largest pediatric CKD cohort un-
dergoing RRT within the early period after RRT and show
that progression in vascular organ damage, assessed by PWV
and IMT, was associated with dialysis but not with transplan-
tation. Whereas left ventricular mass was not affected by the
RRT modality within this early period, we demonstrate its
close dependence on blood pressure control. It is important
to note that the beneficial vascular effects of transplantation
were only discovered through multivariable analysis, pointing
toward confounding factorsmasking the positive effects of this
RRTmodality. Transplant recipients had larger BMI increases
and inferior blood pressure control suggesting that these fac-
tors need specific attention in early posttransplant care.

Lower mortality rates in patients receiving a transplant
compared with undergoing dialysis made transplantation
the treatment of choice in pediatric patients for the past

TABLE 5.

Variables independently associated with each endpoint: ΔPWV SDS, ΔIMT SDS, ΔLVMI

ΔPWV SDS ΔIMT SDS ΔLVMI

ß SE P ß SE P ß SE P

Intercept 0.23 0.26 0.38 0.67 0.26 0.013 8.56 5.08 0.095
PWV SDS/IMT SDS/LVMI before RRT, g/m2.7 −0.57 0.057 <0.001 −0.56 0.064 <0.001 −0.19 0.072 0.008
Time interval between assessments, months 0.036 0.015 0.018 0.017 0.012 0.15 0.23 0.18 0.2
Transplantation (reference: dialysis) −0.67 0.18 <0.001 −0.44 0.15 0.004 0.69 2.03 0.73
ΔHeight, cm −0.052 0.019 0.008 −0.002 0.016 0.9 −0.18 0.22 0.41
ΔSystolic BP SDS — — — — — — 1.47 0.57 0.01
ΔDiastolic BP SDS 0.31 0.074 <0.001 — — — — — —

ΔBMI SDS — — — 0.26 0.085 0.003 — — —

Antihypertensive drugs use — — — 0.41 0.15 0.007 — — —

FIGURE 2. Corrected means and 95% CI of surrogate cardiovascular endpoints in patients undergoing preemptive dialysis (D) or transplan-
tation (Tx). A, Change in PWVSDS (adjusted for PWV SDS before RRT, time interval between assessments,Δheight,Δdiastolic blood pressure
SDS) and IMT SDS (adjusted for IMT SDS before RRT, time interval between assessments, Δheight, ΔBMI SDS, number of antihypertensive
drugs). B, Change in LVMI in g/m2.7 (adjusted to LVMI before RRT, time interval between assessments, Δheight, systolic blood pressure SDS).

490 Transplantation ■ March 2018 ■ Volume 102 ■ Number 3 www.transplantjournal.com

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

CV endpoints in patients undergoing either
preemptive KTx or dialysis as initial RRT 

LVMI strongly associated with increased BP
KTx: inferior BP control & larger BMI

Schmidt B et al, Transplantation 2018; 102: 484-492



Assessment of CKD-MBD post KTx

• Clinical assessment: height, signs of rickets, leg bowing, pain (every visit) 
• Serum Ca, P, AP, iPTH, 25 OHD (1-12 monthly depending on CKD stage)

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

[75]; in the majority of adult patients, despite nor-
malization of serum calcium and phosphorus levels
after transplantation, the development of vascular
lesions slows down but does not regress posttrans-
plantation [77].

Studies using noninvasive techniques to assess
cardiovascular status after pediatric renal transplan-
tation have demonstrated abnormal intimal-medial
thickness and vascular distensibility in this specific
population [78,79], as well as lower-than-normal
circulating fetuin levels [80]. Notably, arterial hyper-
tension is strongly linked to increased intimal-
medial thickness in pediatric transplantation [78],
thus providing an additional rationale to correct
blood pressure in these patients.

Last, although lipid-lowering agents are of little
benefit in patients treated with maintenance dialy-
sis, these medications decrease mortality in adults
with renal allografts CKD [81]; in the specific con-
text of renal transplantation, it is important to note
that statins have been shown to reverse the bone
toxicity of corticosteroids in animal models, by
increasing osteogenic bone marrow stromal cell
differentiation [82], but these results have been
further discussed [83,84]. The benefits of statins in
pediatric renal transplantation remain unknown.

Management of bone and mineral disorders
after pediatric renal transplantation

Adequate lifestyle

Normal-for-age calcium intake, regular physical
activity, avoidance of sodas consumption (acid load),
tobacco exposure and underweight/obesity may be
promoted as part of the global ‘osteo-protective’
measures, as already described in other diseases with
bone fragility [85].

Control of renal osteodystrophy

In clinical practice, the 2009 K-DiGO International
Guidelines on abnormalities of bone and mineral
metabolism in CKD have established that a regular

monitoring of calcium, phosphorus, PTH and
alkaline phosphatase should be performed at regular
intervals [86]. As both adynamic bone and severe
hyperparathyroidism increase the severity of growth
retardation [36], current guidelines suggest serum
PTH and bone-specific alkaline phosphatase values
be used for the evaluation of bone disease, with
serum PTH values kept within range appropriate
to the stage of CKD [87]. Table 1 summarizes the
specific mineral follow-up in transplanted patients,
as defined in the 2010 K-DiGO recommendations
[88].

Unfortunately, as in other CKD situations [89],
PTH values are poor predictors of ROD in renal
transplantation [90]. A consensus on the optimal
target for PTH levels depending on the different
CKD stages is hard to determine at the current time
[91]; however, optimal growth and normal phos-
phorus/calcium/25(OH)-vitamin D levels should
be the primary targets of daily management of
pediatric CKD-mineral bone disorder (MBD), before
and after transplantation; this management was
reviewed in detail in a recent review [3].

25(OH)-Vitamin D supplementation and active
vitamin D analogs are used to decrease PTH circu-
lating levels [86]. Guidelines suggest that increased
PTH levels, in the face of 25(OH)-vitamin D insuffi-
ciency/deficiency (defined as a value <30 ng/ml) be
first treated with -25(OH)-vitamin D supplement-
ation. A recent randomized, controlled trial has
validated this recommendation, demonstrating a
delayed onset of secondary hyperparathyroidism
in CKD children receiving 25(OH)-vitamin D
[92&]. These pediatric data have nevertheless not
been evaluated in the specific context of transplan-
tation. Interestingly, native vitamin D may be
helpful for immunomodulation after transplantion,
as it has been recently shown in vitro to be a natural
inhibitor of the mTOR signaling [93]. Following
25(OH)-vitamin D repletion, active vitamin D
sterols should be initiated to control serum PTH
values, but at least theoretically vitamin D analogs
should be used with caution on a well functioning

Table 1. Mineral biological follow-up of transplanted patients according to the 2010 K-DiGO guidelines

CKD stage Follow-up

Stage 1-3T Calcium and phosphorus every 6–12 months, PTH at least once, to adapt to the evolution of renal function

Stage 4T Calcium and phosphorus every 3–6 months, PTH every 6–12 months

Stage 5T Calcium and phosphorus every 1–3 months, PTH every 3–6 months

Stage 3-5T Alkaline phosphatase every year, and more frequently in case of hyperparathyroidism

Stage 1-5T 25(OH)-Vitamin D to measure on a regular basis, to define depending on the baseline levels. In all cases, a vitamin D
deficiency should be corrected.

CKD, chronic kidney disease.

Bone, growth and pediatric renal transplantation Bacchetta et al.
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These parameters should be considered together
with particular attention to trends in values

KDIGO CKD-MBD Guideline Update 2017

• Clinical assessment: height, signs of rickets, leg bowing, pain (every visit) 
• Serum Ca, P, AP, iPTH, 25 OHD (1-12 monthly depending on CKD stage)

KDIGO 2017 Clinical Practice Guideline Update on CKD-MBD, Kidney Int 2017

Assessment of CKD-MBD post KTx



• X-ray of left wrist (in case of persisting severe sHPT, impaired graft function)

• Bone histomorphometry: if knowledge of the type of renal osteodystrophy
will impact treatment decissions 

• DXA (BMD): recommended in adults (osteoporosis?)
no evidence for its use in children

• Clinical studies: pQCT, PWV, cIMT, FGF23 & other novel biomarkers

• Clinical assessment: height, signs of rickets, leg bowing, pain (every visit) 
• Serum Ca, P, AP, iPTH, 25 OHD (1-12 monthly depending on CKD stage)

KDIGO 2017 Clinical Practice Guideline Update on CKD-MBD, Kidney Int 2017

Assessment of CKD-MBD post KTx



Management of CKD-MBD post KTx
• Adequate lifestyle: healthy diet, regular physical activity (30 min/day),

no smoking

• Correct:

- Post-transplant hypophosphatemia

- Hypomagnesemia (CNI)

- Nutritional Vitamin D deficiency

- Hyperparathyroidism

- Acidosis (keep HCO3 > 22 mEq/L)

- Hypertension (target: BP < 75 Pct. / < 50 Pct. in case of proteinuria)

• Immunosuppression: keep up graft function, minimize steroid exposure
Haffner D et al, Curr Opin Pediatr 2014; Sgambat K et al, Frontiers in Pediatrics 2014
KDIGO 2017 Clinical Practice Guideline Update on CKD-MBD, Kidney Int 2017



Diet and phosphate / magnesium suppl.
• Provide adequate caloric & protein intake (100% RDA)

• Provide adequate dietary calcium and phosphorus intake (at least 100% RDA)

• Avoid high sodium intake (< 2g/day; hypertension, hypercalciuria, bone formationê)

• Avoid cola beverages (decreased BMD & increased fracture risk)

• Persistent post-transplant hypophosphatemia:

- Initiate, high phosphorus diet and oral phosphate supplementation
in order to reach low normal levels (for age)

- Phosphate supplementation may further stimulate renal phosphate wasting

• Magnesium deficiency promotes osteoporosis & PTH resistance

- Supplement magnesium in case of hyopomagnesemia 
Haffner D et al, Curr Opin Pediatr 2014; Sgambat K et al, Frontiers in Pediatrics 2014
KDIGO 2017 Clinical Practice Guideline Update on CKD-MBD, Kidney Int 2017



Native Vitamin D Supplementation in Children with CKD Stages 2-5D
Clinical Practice Recommendations

• Target: 25(OH)D  75-120 nmol/L (30 - 50 ng/ml)
• Daily supplementation: cholecalciferol (D3) or ergocalciferol (D2)

Intensive replacement phase 

Age 25(OH)D serum 
(nmol/L)**

Vitamin D 
supplementation 

dose (daily)

Monitoring

< 1 year 600 IU / day - Serum calcium and urinary calcium levels
1-3 monthly based on CKD stage

- 25(OH)D level: after 3 months>1 year*
< 12 8000 IU / day

12 - 50 4000 IU / day
50 – 75 2000 IU / day

Maintenance phase
< 1 year

>75***
400 IU / day - 25(OH)D level: 6-12 monthly

>1 year* 1000 - 2000 IU /day 
based on CKD stage

*   Consider adjusting dose by body size (weight or body surface area); ** To convert nmol/L to ng/ml divide by 2.5
*** If levels remain <75nmol/L, then give doses as per the ‘Intensive replacement’ schedule for a further course of intensive replacement & recheck levels

Shroff et al, Nephrol Dial Transplant 2017



PTH

• PTH levels should be maintained within the target range based on the 
stage of CKD.

• Measures:
1. Supplementation of native vitamin D
2. Calcitriol or Alfacalcidol

• Apply minimal PTH suppressive dosage !
Ø Appreciate trends in Ca, P, AP, PTH !

Haffner D et al, Curr Opin Pediatr 2014; Sgambat K et al, Fronierts in Pediatrics 2014
KDIGO 2017 Clinical Practice Guideline Update on CKD-MBD, Kidney Int 2017



www.kidney.org/professionals/KDOQI/guidelines/ ; KDIGO CKD-MBD guideline, Kidney Int 2017
Klaus et al, Pediatr Nephrol 2006; Haffner et al Ped Nephrol 2013
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1x
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GFR (ml/min/1.73m2)CKD Stage
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15-29
<15, dialysis
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15-29
<15, dialysis

Searching the optimal PTH target…

IPNN: 5 100-200 1.7-3xPD

http://www.kidney.org/professionals/KDOQI/guidelines/


Parathyroidectomy 

• Persistant severe, therapy-refractory sHPT: 

- radiological signs

- hypercalcemia

• (Parathyroid gland > 0.5 cm3 or diameter > 1.0 cm)

ü Subtotal PTX and/or autotransplantation

Haffner D et al, Curr Opin Pediatr 2014; Sgambat K et al, Fronierts in Pediatrics 2014
KDIGO 2017 Clinical Practice Guideline Update on CKD-MBD, Kidney Int 2017



ü Complete steroid avoidance*

ü Early steroid withdrawal* < 7 days

ü „Intermediate“ withdrawal* > 7days  < 1 year

ü Late withdrawal > 1 year

*Calcineurin inhibitor (CyA/Tac) + MMF / everolimus
+ induction: basiliximab / daclizumab (complete steroid avoidance)

Protocols to reduce steroid exposure after transplantation

Steroids



Normal adult height after „intermediate“
(6 mo.) steroid-withdrawal in pediatric KTX

Height at KTx  vs. final height Final height vs. target height 

Klare et al, Transplant Int 2012; 334:56



Normal sexual Maturation in Adolescents after KTx

Tainio et al, Transplantation 2011

Pubertal Maturation in Males
In 55 males, the onset of puberty appeared at the mean

age of 12.7 years (Fig. 1, Table 2). Puberty had started (mean:
12.3 years, range: 10.6 –14.1 years) before the operation in 10
boys transplanted at the age of 10.9 to 15.2 years. Twelve boys
(22%) were regarded as late developers, two of whom had
underwent RTx after the pubertal onset. The late developers
underwent RTx at significantly older age than others (mean:
10.9!4.5 vs. 6.6!5.0 years, P"0.01). Two late developers
received testosterone treatment. One male showed preco-
cious puberty and was treated with leuprolein acetate.

The bone age was delayed compared with the chrono-
logical at the onset of puberty in all but one boy (n"43; mean:
11.2!1.2 vs. 12.9!1.4 years, P#0.0001). During puberty, the
mean difference between chronological and bone age dimin-
ished from the mean of 1.7 years (range: $0.8 to 4.2 years) to
1.1 years (range: $1.3 to 3.3 years). Data on testicular vol-
umes were available on 22 males (mean age: 15.0 years, range:
8.1–21.6 years) with a normal result in all.

Growth During Puberty in Males
In males, the mean age at onset of growth spurt (OGS)

was 12.4 years (Table 2), appearing later in males trans-
planted in adolescence (10 –15 years of age) than in boys
transplanted earlier (13.6!1.4 vs. 12.1!1.7 years, P"0.009).
However, the children were taller in the first group than in the
latter group at OGS (145.8 vs. 139.3 cm, P"0.03). The mean
peak height velocity (PHV) was 8.6 cm/year occurring at the
mean age of 14.7 years. Males transplanted in adolescence

FIGURE 1. Relationship between age at the onset of pu-
berty and age at renal transplantation (RTx). Filled circles
indicate patients transplanted after the pubertal onset.
Spearman’s rank correlation coefficient rs"0.33, P"0.01
and rs"0.49, P#0.01 for males and females, respectively.

TABLE 1. Clinical characteristics of 109 patients with RTx included in the study

Male Female Total

Gender, n (%) 72 (66.1) 37 (33.9) 109 (100)
Disease leading to RTx, n (%)

CNF (NPHS1) 28 (39) 17 (46) 45 (41)
Urethral valve 15 (21) 0 (0) 15 (14)
Nephronophthisis 8 (11) 1 (3) 9 (8)
Polycystic kidney disease 2 (3) 4 (11) 6 (6)
Other 19 (26) 15 (41) 34 (31)

Age at initiation of dialysis before first RTx (yr) 4.5 (0.04–14.64) 3.0 (0.02–14.94) 3.9 (0.02–15.05)
Time on dialysis before first RTx (yr) 0.8 (0.01–4.02) 0.6 (0.01–3.86) 0.7 (0.01–4.02)
Age at RTx (yr) 5.6 (0.9–15.5) 4.3 (1.1–15.8) 4.5 (0.9–15.8)
Second graft, n (%) 6 (8.3) 3 (8.1) 9 (8.3)
Follow-up (yr) 11.0 (2.0–19.4) 12.0 (1.7–18.1) 11.1 (1.7–19.4)
Number of patients regarding to GH therapy, n (%)a

No GH therapy 34 (52) 22 (63) 56 (55)
GH before RTx 8 (12) 6 (17) 14 (14)
GH after RTx 22 (33) 6 (17) 28 (28)
GH before and after RTx 2 (3) 1 (3) 3 (3)

Duration of GH therapy (mo)b

GH before RTx 27 (4–49) 17 (2–44) 20 (2–49)
GH after RTx 39 (11–160) 55 (44–130) 52 (11–160)
GH before and after RTx 94 (77–111) 39 77 (39–111)

Values are median (range) or number of patients (%).
a Data available on 101 patients.
b Data available on 90 patients.
RTx, renal transplantation; CNF (NPHS1), congenital nephrotic syndrome of the Finnish type; GH, recombinant human growth hormone.

© 2011 Lippincott Williams & Wilkins 405Tainio et al.

the age of 11.8 to 14.2 years. Nobody was regarded as a late
developer, but two girls showed precocious puberty and were
treated with leuprolein acetate.

The mean bone age was significantly delayed compared
with the mean chronological age at the onset of puberty
(n!24; 9.4"1.2 vs. 10.5"1.0 years, P!0.001). During pu-
berty, the difference between chronological age and bone age
diminished from the mean of 1.1 years (range: #0.8 to 4.7
years) to 0.2 years (range: #1.8 to 2.0 years).

Growth During Puberty in Females
The mean age at OGS was 9.8 years (Table 2), and girls

transplanted before the age of 5 years were only slightly
younger at OGS than girls operated aged 5 to 15 years
(9.7"1.7 vs. 10.2"1.6 years, P!0.49). The mean PHV was
8.4 cm/year occurring on average at 11.6 years. As in males,
the duration of growth was prolonged and the FH (mean:
154.3 cm) was reached rather late (mean: 16.0 years). Age at
RTx did not have a significant correlation with the FH or the
age when reaching it. OGS, PHV, and FH did not differ signifi-
cantly between females with or without GH therapy after RTx.

Factors Associated With the Onset of Puberty in
Females

Girls younger than 5 years at RTx had a tendency to
reach puberty earlier than those transplanted at 5 to 15 years
of age (10.3"0.9 vs. 11.0"1.0 years, P!0.08), but the differ-
ence was not as clear as in boys.

The onset of puberty manifested similarly in girls with
short and normal stature (10.6"1.0 vs. 10.4"1.0 years,
P!0.63). Five girls were on the GH therapy after RTx for a
mean duration of 6.4 years. The age at the onset of puberty
was similar regardless of whether GH therapy was used or not
(10.8"1.5 vs. 10.4"0.8 years, P!0.51). Three girls, who had
received cyclophosphamide for renephrosis or due to their
underlying disease (cumulative doses 6.1, 6.8, and 8.7 g/m2),
showed similar timing of puberty as the others.

Overweighed girls reached puberty significantly later
than normal weighed (11.1"0.5 vs. 10.2"1.0 years, P!0.04).
In parallel with the boys, the daily dose of MP (13 girls ana-
lyzed) and the GFR (23 girls analyzed) did not correlate with
the age at the pubertal onset.

Reproductive Hormone Levels
Reproductive hormones were assessed from serum

samples of 55 males and 32 females. Females had normal
serum levels of estradiol, follicle stimulating hormone (FSH),
luteinizing hormone (LH), and anti-Müllerian hormone
(AMH) (Fig. 2). In males, testosterone levels were normal in
51 of 54 (94%). The three males with decreased concentration
of testosterone had normal levels of FSH and LH. The gonad-
otropins LH and/or FSH were moderately elevated (level$10
IU/L) in 4 (7%) boys (Fig. 2).

DISCUSSION
Sexual maturation in adolescents with RTx has been

reported to be delayed. However, detailed data on the onset,
progression, and outcome of puberty are scarce. We analyzed
pubertal development in a national cohort of adolescents
who had underwent RTx at various times during childhood.

The results showed that pubertal maturation was normal
both in males and females.

In our study, the pubertal development in boys and girls
started on average at the age of 12.7 and 10.7 years, respectively.
These ages are similar to those reported in normal population in
our country (12.2 and 10.8 years) (7) and in the Northern Eu-
rope (8, 9). None of the girls had a delayed onset of puberty or
menarche. Less than a quarter of boys could be regarded as late
developers in comparison with normal population. However, of
the 55 boys, only two with moderately delayed development re-
ceived testosterone therapy. The mean length of puberty was 3.9
and 4.7 years for boys and girls, respectively, resembling the re-
sults reported in normal Finnish population (3.4 and 4.5 years
for boys and girls, respectively) (7).

Our results differ from the previous reports showing
markedly delayed puberty in adolescents with RTx (3– 6).

FIGURE 2. Individual serum concentrations of testoster-
one (A), inhibin B (B), luteinizing hormone (LH) (C), and
follicle stimulating hormone (FSH) (D) in males. Similarly,
the levels of estradiol (E), anti-Müllerian hormone (AMH)
(F), LH (G), and FSH (H) in females. Solid lines are mean"2
SD in normal Scandinavian population according to Ander-
sson et al. (in males) and Aksglaede et al. and Hagen et al. (in
females) (24, 33, 34). Filled circles indicate patients having
had RTx operation after the pubertal onset. The levels in one
male and three females with prior cyclophosphamide medi-
cation are included showing normal distribution.

© 2011 Lippincott Williams & Wilkins 407Tainio et al.

Age at onset of puberty Sex hormones levels
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Adequate management of CKD-MBD after KTx
is a challenge but not a miracle !

Thank you for your attention



What is not a typical clinical feature of posttransplant CKD-MBD?

a.Bone pain
b.Delayed sexual maturation
c.Vascular calcifications
d.Fractures

CKD-MBD post KTx: Question 1



Posttransplant CKD-MBD is not due to

a.Steroid treatment
b.Reduced graft function
c.Reduced Klotho levels
d.Preexisting renal osteodystrophy

CKD-MBD post KTx: Question 2



Management of posttransplant CKD-MBD mainly focuses on

a.Maintenance of of regular physical activity
b.High sodium intake
c.Preservation of graft function
d.Correction of vitamin D deficiency

Which answer is wrong?

CKD-MBD post KTx: Question 3


