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Abstract

Chronic kidney disease related mineral and bone disorders (CKD-MBD) cause significant morbidity and mortality. Guidelines for treatment and prevention of
CKD-MBD have put focus on the treatment of secondary hyperparathyroidism in patients on hemodialysis by maintaining levels of parathormone (PTH) between 2
to 9 times the upper normal limit. However, levels of PTH are not always accurately correlated to the degree of bone remodeling, and some patients may suffer from
hyperparathyroidism though their PTH levels are within the targets. Therefore, it is important to identify other bone markers that could help us adequately assess bone
status in these patients, such as total alkaline phosphatase (TALP). In this case report, we describe a patient who suffered from poorly controlled hyperparathyroidism
with very high levels of TALP despite having PTH levels within the targets. TALP could thus be an important bone marker and should be taken into consideration
complementary to PTH when evaluating the bone status of a patient on dialysis.

Introduction

Chronic kidney disease related mineral and bone disorders
(CKD-MBD) contribute to a greater risk for fractures and significant
cardiovascular mortality in patients on dialysis [1-7]. These disorders
may lead to a diverse set of bone manifestations, characterized by
either low or high bone turnover states and abnormal or deficient bone
structure and mineralization. These include osteitis fibrosa (where
secondary hyperparathyroidism leads to high bone turnover), adynamic
bone disease (where excessive suppression of parathyroid hormone leads
to low bone turnover), osteomalacia (where vitamin D deficiency leads
to abnormal bone metabolism) and mixed uremic osteodystrophy [3-7].
These patients may also suffer from osteoporosis, further complicating
assessment and comprehension of their bone status.

In order to improve bone health in patients on dialysis, guidelines
for treatment and prevention of CKD-MBD have focused on treatment
of secondary hyperparathyroidism. The latest guidelines from kidney
disease: Improving Global Outcomes (KDIGO) encourage lowering
parathyroid hormone (PTH) levels by controlling hyperphosphatemia
as well as using calcimimetics, calcitriol or vitamin D analogs [8]. High
levels of PTH (300 pg/mL) have been significantly associated with
osteitis fibrosa whereas low levels (<150 pg/mL) are associated with
adynamic bone disease [9].

KDIGO recommends maintaining PTH levels between 2 to 9 times
the upper normal limit for the assay in patients on dialysis, which are the
PTH levels most commonly associated with normal bone remodeling [8].

However, PTH levels are not always accurately correlated to the
degree of bone remodeling [6,9]. In fact, some patients suffer from low
turnover or high turnover bone diseases, documented by bone biopsies,
although their PTH is within the targets set by KDIGO. In a study
led by Barretto et al., 14% of patients with high turnover bone disease
had intact PTH (iPTH) levels below 150 pg/mL and 38% of patients
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with low turnover bone disease had iPTH levels above 300 pg/mL [9].
Also, out of the 22 patients who had iPTH levels between 150 and 300
pg/mL, 6 had high turnover and 14 had low turnover bone disease. In
another study by Sprague et al., the sensitivity and specificity of iPTH
using KDIGO cutoffs were of 65% and 67.3% for low turnover disease;
and 37% and 85,8% for high turnover disease [6]. These studies thus
clearly demonstrate the limits of PTH in assessing bone disease.

Bone biopsy remains the gold standard for the diagnosis and
classification of renal osteodystrophy. KDIGO recommends performing
a bone biopsy when the knowledge of the type of renal osteodystrophy
will impact treatment decisions [8]. Other indications include unexplained
fractures, suspicion of osteomalacia, refractory hypercalcemia, an atypical
response to standard therapies for elevated PTH or progressive decreases
in BMD despite standard therapy. However, bone biopsies are rarely
performed. A survey completed by members of the European Renal
Association—European Dialysis and Transplant Association (ERA-EDTA)
showed that bone biopsy is perceived as an invasive, painful, laborious but
clinically useful procedure [10]. Furthermore, histomorphometric expertise
is not widely available, complex, time-consuming and costly, which limits
the use of bone biopsy. Interestingly, other than the usual indications for
bone biopsies, a discordance between parathyroid hormone (PTH) and
alkaline phosphatase levels was considered an indication for a bone biopsy
by almost 50% of the respondents.
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In fact, since it is sometimes difficult to determine if
hyperparathyroidism is well controlled based solely on PTH levels,
recent international guidelines suggest the use of other bone markers,
such as serum total and bone-specific alkaline phosphatase (TALP and
BALP respectively) [8,11]. The caveat of using TALP to assess bone
turnover status is that other conditions, such as hepatic cholestasis, also
cause increases in TALP. We can, however, use it as an alternative to
BALP as long as gamma-glutamyl-transferase (GGT) is normal [5,7].
Though it would generally be expected that PTH and BALP move in
the same direction with changes in bone turnover, these two markers
can sometimes evolve in opposite directions [7]. Thus, high BALP with
PTH levels within the targets could indicate uncontrolled secondary
hyperparathyroidism, such as in the case of the patient described in
this case report.

Case report

Our patient was a 61-year-old woman of Haitian origin. She
was known for type 2 diabetes complicated by peripheral neuropathy,
retinopathy and most importantly diabetic nephropathy causing end-
stage renal disease for which she was on hemodialysis since April 2003.
She also suffered from coronary artery disease, having had a coronary
stent in 2013, and a multinodular goiter with Hurtle cells.

In January 2011, she developed secondary hyperparathyroidism.
Her laboratory results indicated a PTH of 112.6 pmol/L (upper
normal limit being 7.2 pmol/L) with a TALP of 279 U/L (35-
125), a serum calcium of 2.41 mmol/L (corrected for an albumin at
34 g/L) and a serum phosphate of 2.01 mmol/L (Table 1). She was
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Figure 1: Variations of TALP in time with adjustment of medication. IV: intravenously;
OD: Once Daily; PO: Per os; TALP: Total Alkaline Phosphatase; Vit D3: vitamin D3

Table 1. Pertinent laboratory results to assess our patient’s bone status

taking alphacalcidiol 0.25 mcg orally three times per week at the time.
Since both her serum phosphate and calcium-phosphate product
(4.81) were already high, it was decided to initiate cinacalcet 30 mg
orally once daily instead of increasing her alphacalcidiol to treat her
hyperparathyroidism. She appeared to respond well to the addition
of cinacalcet, with her PTH subsequently decreasing to 35.7 pmol/L
and reaching the targets set by KDIGO. Her TALP levels however
remained high and even started to increase in March 2012, as can be
seen in Figure 1.

During one of her hemodialysis sessions in the autumn of 2012, the
patient complained of new bone pain.

At the time, her laboratory results were as follows:
* TALP at 1772 U/L (35-125)
* GGT at 32 U/L (0-40)
* PTH at 26.2 pmol/L (1.6-7.2)

* Calcium (Ca) 2.25 mmol/L (2.20-2.60), corrected for an albumin
at 36 g/LL

* Phosphate (P) 1.21 mmol/L (0.70-1.40)

e CaxP2.72

* Vitamin D 25(OH) 22.2 nmol/L (23-113)

* Vitamin D 1,25(OH) 33.0 pmol/L (35-125)

Given the low levels of both 1.25(OH) vitamin D and 25(OH)
vitamin D, her alphacalcidol was switched to calcitriol 0.5 meg given
orally three times per week and vitamin D 10 000 IU taken orally
once per week was initiated. This change was done based on literature
that suggests that uremia in end-stage renal disease is associated with
enzymatic hepatic dysfunction altering 25- hydroxylation of vitamin
D3 [12]. Rauscher et al. demonstrated that calcitriol, which is the
fully hydroxylated active form of vitamin D3, is more effective than
alphacalcidol, which needs 25- hydroylation to be effective, in lowering
serum PTH level in chronic hemodialysis patients [12].

These changes unfortunately did not lead to any significant
improvement in her bone pain. In April 2013, her laboratory results
showed:

* TALP at 1917 U/L (35-125)
* GGT at 72 U/L (0-40)

PTH . Phosphorus Vitamin D(25)OH | Vitamin D1,25(OH)
Date TALP(U/L) GGT(U/L) (pmol/L) Calcium(mmol/L) (mmol/L) (nmol/L) (pmol/L)
279 29 112.6 2.41 2.01
27-01-2011 (35-125) (0-40) (1.6-7.2) (2.20-2.60) (0.70-1.40) °
06-12-2012 1772 32 26.2 2.25 1.21 22.0 33.0
(35-125) (0-40) (1.6-7.2) (2.20-2.60) (0.70-1.40) (23-113) (43-168)
04-04-2013 1535 35 69.4 2.31 1.29 458 46.0
(35-125) (0-40) (1.6-7.2) (2.20-2.60) (0.70-1.40) (23-113) (43-168)
02-05-2013 1691 72 18.2 2.42 1.00 62.3 65.0
el (35-125) (0-40) (1.3-11.6) (2.20-2.60) (0.70-1.40) (23-113) (43-168)
19-09-2013 647 28 291.8 2.52 0.73 87.8 201.0
el (35-125) (0-40) (1.3-11.6) (2.20-2.60) (0.70-1.40) (23-113) (39-180)
27-02-2014 92 32 48.4 2.72 1.31 68.2 114.0
(35-125) (0-40) (1.3-11.6) (2.20-2.60) (0.70-1.40) (23-113) (39-180)
. Normal values set by the laboratory are indicated in parenthesis. Note that the normal levels for PTH changed between April and May 2013 and that the normal levels for
vitamin D 1,25(OH) changed between May and September 2013.
. Values of calcium indicated in this table were all corrected for the corresponding value of albumin at the time.
. GGT: gamma-glutamyl-transferase; PTH: parathormone; TALP: total alkaline phosphatase
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Figure 2: Radiograph of the patient’s left hand, showing subperiostal resorption of the
middle phalanges

* PTH at 69 pmol/L (1.6-7.2)

* Ca2.31 mmol/L (2.20-2.60), corrected for an albumin at 37 g/L
* P 1.29 mmol/L (0.70-1.40)

e CaxP2.90

* Vitamin D 25(OH) 45.8 nmol/L. (23-113)

* Vitamin D 1,25(OH) 46.0 pmol/L (35-125)

Given the persistent bone pain coupled with a very high TALP, it
was decided to complete the workup to further characterise her bone
disorder. An alkaline phosphatase electrophoresis was performed,
which confirmed that 97% of the TALP was of bone origin. Plain
radiographs were also performed. Radiographs of her knees and hands
were suggestive of hyperparathyroidism, with subperiostal resorption
(Figure 2). The skull radiograph demonstrated a salt and pepper skull
(Figure 3). Finally, radiographs of her spine showed a rugger jersey
spine (Figure 4), a brown tumor at D12, as well as multiple vascular
calcifications. Magnetic resonance imaging of her spine confirmed the
presence of and better characterised the brown tumor (Figure 5). A
bone scan ruled out Paget’s disease. It is to be noted that she did not
undergo a bone biopsy due to lack of accessibility.
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These investigations were highly suggestive of secondary
hyperparathyroidism with high turnover bone disease. Since her
calcium-phosphate product was now below 3 and her serum phosphate
normalized, her calcitriol was increased from 0.5 to 1.5 mcg three times
per week in an effort to decrease bone turnover.

One month later, her PTH decreased to 18 pmol/L (<2 times the
upper normal limit which was 11.6 pmol/L at the time), indicating that
her secondary hyperparathyroidism seemed controlled. Her calcium
was then at 2.42 mmol/L (corrected for an albumin at 37 g/L) and
thus could not have contributed to her PTH suppression (Table 1).
However, her TALP was still elevated at 1681 U/L (Figure 1). Her
calcitriol was subsequently increased to 2 mcg three times per week
and her cinacalcet from 30 to 60 mg once a day. Surprisingly, her PTH
increased significantly after this treatment adjustment, with a peak to
291 pmol/L in September 2013, as her TALP was lowering (Figure 6).
Once again, her calcium at the time was at the upper normal limit (2.52
mmol/L, with an albumin at 40 g/L) and likely did not contribute to
this rise in PTH.

Given ongoing bone pain and now elevated PTH, her treatment
was subsequently adjusted with calcitriol given intravenously on
dialysis and with progressive increases in the doses of calcitriol and
cinacalcet, as can be seen in Figures 1 and 6. She responded adequately
to treatment, as evidenced by a decrease in both TALP and PTH, as

well as a significant decrease in her bone pain.

Discussion

Primary hyperparathyroidism with normal PTH is well described
in the literature [13-15], yet there is a paucity of data regarding
secondary hyperparathyroidism with normal PTH levels. Wallace et al.
have evoked multiple possible hypotheses to explain this phenomenon
in primary hyperparathyroidism [13]. Pulsatile PTH secretion,
post-translational modification of the PTH molecule affecting its
measurement but not its function, presence of active PTH fragments
that cannot be measured, and presence of antibodies interfering with the
assay are possibilities. The most likely explanation according to Wallace
et al., however, is a heightened peripheral sensitivity to normal PTH
levels, though this has yet to be clearly demonstrated in the literature.
Other possible theories include: a lower setpoint of PTH secretion,

Figure 3: Radiograph of the patient’s skull, showing a salt and pepper skull
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Figure 4: Radiograph of the patient’s spine, showing a rugger jersey spine

anatomic barriers in local circulation around a parathyroid adenoma
that keep PTH high focally but low peripherally and possibly other
hormones affecting PTH secretion and its variability [13]. Interestingly,
Wallace et al., along with two others [13-15] have demonstrated that
patients with primary hyperparathyroidism and normal PTH suffer
from the same clinical consequences as patients with high PTH. This
suggests that this entity is not simply an early stage of the disease.

WEe can thus wonder if our patient had unusual amounts of an active
form of PTH which was not detected by our assay. In a case of severe
primary hyperparathyroidism, Rikel et al. demonstrated that there was

Clin Med Rep, 2021 doi: 10.15761/CMR.1000160

overproduction of an amino-terminal form of PTH (N-PTH), distinct
from PTH (1-84) which is thought to be the active form [16]. This
molecular form of PTH was not detected by the second-generation
PTH assay, which is the assay currently used. However, the third
generation PTH assay detected both the PTH (1-84) and N-PTH.
PTH levels were therefore higher when measured with the third
generation PTH assay compared to the second-generation PTH assay
in the patient studied by Rikel et al.

The relationship between the level of PTH and underlying bone
changes appears to be influenced by race, body mass index, nutritional
as well as inflammatory status, and skeletal resistance to PTH which
can be seen in the uremic state [17]. For the same value of PTH, low

Figure 5: Magnetic resonance imaging of the patient’s spine, showing a brown tumor at
D12

Aiphacalcidol 0.25 meg PO Calciriol 0.5 mog PO Calcricl Calcitriol 3 mog IV Sxweek -
Anweak Suiwook -> 2maeg PO 1.5meg IV Siwoek
1.5 meg PO Iniwaek Iniweek

PTH (pmaiL)

Figure 6: Variations of PTH in time with adjustment of medication. I'V: intravenously; OD:
Once Daily; PO: Per os; PTH: Parathormone; Vit D3: vitamin D3

Volume 4: 4-6



Kachmar ] (2021) A case of secondary hyperparathyroidism in a patient on hemodialysis with parathormone levels within the targets and high total alkaline

phosphatase

turnover bone disease is more prevalent in Afro-Americans [18]. PTH
is also proportionally associated with BMI [19]. Malnutrition seems
to affect the relationship between high PTH and bone disease as well,
possibly lowering the adverse outcomes of high PTH [20]. However,
these factors could not explain the PTH levels within the normal limits
despite high turnover in our patient who was of Haitian origin and also
had a high BMI. In addition, we know that factors such as the method
of venous sampling may influence PTH levels in dialysis patients. PTH
concentrations appear to be 30% higher in central line versus peripheral
vein [21].

Curiously, once we started treating her hyperparathyroidism more
aggressively, her PTH peaked although her calcium was normal and
even closer to the upper normal limit. This has not been previously
described in the literature and we believe it merits further evaluation.
Our patient seemed to be compliant to her medication but we can
wonder if she had missed a few doses of cinacalcet, which could explain
this peak in PTH.

On the other hand, the discordance between levels of PTH and
BALP in secondary hyperparathyroidism has already been noted by
previous studies [22,23]. In a study by Delanaye et al., no significant
correlation was found between the variations of PTH and TALP on
a short (6 weeks) or long (52 weeks) period of time in patients on
dialysis. That study showed that it was very frequent for PTH levels
to be high while BALP levels were low and vice versa (51% and 81%
of cases on a short and long period of time, respectively) [22]. Urefia
et al. conducted a study on 110 patients on dialysis which showed a
dissociation between the BALP and PTH levels in 25% of patients.
These patients had high BALP (>20 ng/mL) and definitive histological
signs of hyperparathyroidism despite PTH values below 200 pg/mL
(21 pmol/L) [23]. This study is the first and only other study we have
found that suggests that a patient on hemodialysis may suffer from high
turnover bone remodeling despite levels of PTH within the targets.
As mentioned previously, a discordance between parathyroid hormone
(PTH) and alkaline phosphatase levels was considered an indication for

a bone biopsy by almost 50% of the respondents in a survey completed
by ERA-EDTA members [10].

Furthermore, Sardiwal et al. have shown that BALP levels are much
more stable with time and have a better correlation when compared to
PTH for the diagnosis of secondary hyperparathyroidism in patients
on dialysis [24]. Regidor et al. showed an association between higher
serum alkaline phosphatase (especially if > 120 U/L) and poor survival
in hemodialysis patients, independently of serum PTH [25]. This
emphasizes the importance and usefulness of BALP when assessing
bone status in patients on dialysis.

Conclusion

We describe a case of severe secondary hyperparathyroidism
characterized by multiple bone complications despite having serum
PTH levels within targets set by the latest KDIGO guidelines. As
we have shown, high TALP with normal GGT or high BALP in a
dialysis patient is suggestive of poorly controlled hyperparathyroidism
though PTH levels may be only mildly elevated. We therefore suggest
that the recommendation that PTH be maintained between 2 to 9
times the upper limit of normal should be individualized, taking into
account other clinical and laboratory features which may indicate overt
hyperparathyroidism in the absence of elevated serum PTH, such as
TALP/BALP. Our case report should sensitize nephrologists to the
possibility of secondary and maybe even tertiary hyperparathyroidism
in hemodialysis patients despite PTH levels within the targets and

Clin Med Rep, 2021 doi: 10.15761/CMR.1000160

emphasizes the importance of taking into consideration other bone
markers such as TALP.
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