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Background: The period after parathyroidectomy (PTx) in dialysis patients is characterized
by periods of severe hypocalcemia. This study aims to investigate the effect of high doses of
active vitamin D immediately after PTx on the development of hypocalcemia.

Materials and Methods: We retrospectively reviewed 111 patients with secondary hyperpar-
athyroidism receiving subtotal PTx between 2010 and 2019. A high dose group “HDG” (n = 67)
receiving 12 pg alfacalcidol in combination with 8.550 mg calcium acetate per day, which was
then adapted according to lab values, was compared with a low dose group “LDG” (n = 44)
receiving up to 4 pg alfacalcidol per day. The laboratory values were recorded up to ten weeks
postoperatively.

Results: The assumed drops in parathyroid hormone (PTH) and calcium were observed in
both groups after PTx. We observed significantly lower calcium values in the LDG between
days 4 and 18 postoperatively than in the HDG (p < 0.001). The proportion of severe
hypocalcemia after PTx (total calcium <1.5 mmol/l) in the HDG was 8.5% on day 1 and
47% on day 4 in the LDG. Intravenous calcium requirements were significantly lower in the
HDG (7.6%) than in the LDG (45.7%; p = 0.001).

Conclusion: The period after PTx in dialysis patients is characterized by an expected drop
in PTH and calcium within the first days. Ongoing high turnover is observed in the 2nd and
3rd week after PTx. Administering high doses of alfacalcidol combined with calcium acetate
diminishes the episodes of severe hypocalcemia and the need for intravenous calcium.
Keywords: secondary hyperparathyroidism, hungry bone disease, parathyroidectomy,
vitamin D, dialysis, CKD stage 5

Introduction

Secondary hyperparathyroidism (sHPT), an endocrine regulation disorder of the
parathyroid gland caused by chronic kidney disease (CKD), develops in almost all
patients suffering from end stage renal disease.' It is the result of low 1.25 (OH) 2
Vitamin D levels, hypocalcemia and phosphate retention. Patients suffering from
sHPT suffer from an increased mortality- and carry a higher risk for fractures,
anemia, hypertension, morbidities like bone pain, itching and sexual dysfunction.
Higher hospitalization rates due to cardiovascular and fracture related events are
also observed.>*> Renal osteodystrophy occurs through the stimulation of osteo-
clasts and osteoblasts which results in increased bone resorption, and as too little
bone is formed to compensate for bone resorption, patients develop the clinical

manifestation of “osteitis fibrosa” or “osteodystrophy”.*
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In addition to dietary options, various drugs such as
phosphate chelators, vitamin D supplements and calcimi-
metics are available to treat SHPT.” In most patients SHPT
can be controlled by medication, but there are still about
4-14.3% who are refractory to medical therapy and need
parathyroidectomy (PTx) to effectively lower calcium,
phosphate and parathyroid hormone (PTH) levels.®” The
current KDIGO CKD-MBD guideline recommends PTx
for severe sHPT (persistent PTH > 800 pg/mL) with
hypercalcemia (> 2.54 mmol/l) or hyperphosphatemia (>
2.1 mmol/l), as well as for severe clinical symptoms such
as pruritus, muscle and bone pain and extraosseous
calcification.” Moreover, persistent HPT after kidney trans-
plantation is associated with increased mortality.®

The sudden withdrawal of PTH causes an increased
absorption of calcium and phosphate from the circulation
into the bone leading to profound hypocalcemia,
a condition termed “Hungry-Bone-Syndrome” (HBS).”
Managing hypocalcemia at the early postoperative stage
is complicated because precise and effective pre-operative
assessments of calcium deficiency have not been estab-
lished and there is no consistent recommendation for post-
operative treatment.'®!" Excessive preoperative levels of
PTH, alkaline phosphatase (AP) and bone specific AP, low
levels of calcium and albumin and young age were
recently identified as risk factors for postoperative
hypocalcaemia.'*'* The administration of calcium supple-
ments and active vitamin D to increase intestinal calcium
absorption has long been standard in treating and prevent-
ing hypocalcemia after PTx.'"'>"'” Moreover, bisphospho-
nates were effective lowering the incidence of HBS.'®
Nevertheless 28-71% develop HBS.”'? A positive effect
on preventing hypocalcemia via the application of active
vitamin D is reported in the current literature. Authors
have studied the effect of different doses of active vitamin
D but to our knowledge there are no data on the effect of
using doses exceeding 4 pg per day.?*?!

The purpose of this study was to investigate the influ-
ence of high-dose active vitamin D medication, ie 12 pg
alfacalcidol per day in combination with calcium acetate,
on the postoperative course of PTH, calcium, phosphate
and AP within the first ten weeks after PTx.

Materials and Methods

Patients
In this single center retrospective study, we reviewed the
hospital files (by ICD-9/ICD-10 and manual review) of

111 patients who had undergone PTx between 2010 and
2019. Extracted information included demographic data,
modality and duration of dialysis treatment and underlying
kidney disease. Biochemical course of serum total cal-
cium, phosphate, AP and PTH were recorded once prior
to surgery and for a 10-week period after surgery. Data on
operative technique and histology of parathyroid glands
were extracted from surgical and pathology reports. The
duration of the hospital stay was calculated from the
preoperative day until day of dismission.

The study was approved by the local ethics committee
of the University Duisburg-Essen (16-70-40-BO). This
study was conducted in accordance with the Declaration
of Helsinki.

Perioperative Treatment Strategy
Medications were recorded preoperatively and postopera-
tively. Vitamin D supplements (cholecalciferol, calcitriol,
alfacalcidol), phosphate chelators (lanthanum carbonate,
sevelamer and calcium containing phosphate chelators),
calcimimetics (cinacalcet) and the number of patients
who received i.v. calcium postoperatively were registered.

The HDG was treated postoperatively according to
a fixed schedule of 12 pg alfacalcidol and 8550 mg cal-
cium acetate (950 mg TID) on the day of surgery up to two
days after PTx. The daily dosage of alfacalcidol and cal-
cium acetate was adjusted gradually over time. Additional
intravenous calcium was applied when clinical symptoms
like paresthesia, muscle spasms, cramps, tetany, circu-
moral numbness, and seizures appeared.

The LDG received different combinations of active
vitamin D (0.25 pg to 4 ug per day), phosphate chelators
and calcium supplements. The first 19 patients were trea-
ted according to the LDG protocol. However, in these
patients a high prevalence of hypocalcemia occurred.
Then, in three patients (data not included in study) the
dose of alfacalcidol was increased to 6 pg, but one could
neither see a relevant improvement in hypocalcemia nor in
the occurrence of hypercalcemia. Therefore, the alfacalci-
dol- and calcium acetate doses (according to the protocol)
were increased. Thus, the coming 52 patients were treated
either in the LDG (n=25) or HDG (n=27) and the remain-
ing 41 patients were in the HDG group.

Prior to surgery, all patients were examined by ultra-
sound whereby the volume and number of hyperplastic
parathyroid glands was measured. About half of the
patients screened via Tc 99m

were additionally

scintigraphy.
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Parathyroidectomy

The indication for PTx was established because of sHPT in
patients (with long standing renal insufficiency), that was
not adequately treatable with medication (ie elevated PTH
levels in the presence of maximal management with vita-
min D analogues, phosphate chelators and/or cinacalcet).
Since 2014, it has become the standard of care to perform
subtotal PTx without transcervical partial thymectomy.
Patients prior to this year received either total PTx with
auto transplantation or subtotal PTx. For subtotal PTx all 4
glands where identified and 3 2 glands where resected,
leaving a volume of about 8x8 mm parathyroid tissue with
preserved blood supply. Resected tissue was validated by
frozen section procedure. For total PTx, all four parathyr-
oid glands were identified and resected. The tissue from
the least hyperplastic gland was fragmented and trans-
planted into the brachioradial muscle of the non-shunt
arm. The serum parathyroid hormone level was assessed
intraoperatively to monitor the surgical success.

Statistical Analysis

Our data analysis was performed using the program PASW
Statistics (Version 22, SPSS, Chicago, IL, USA). Due to
missing data, the sample size is always provided for the
various parameters.

For the comparison between the groups Mann-
Whitney-U-Test and chi-square test were used. Changes
over time within the groups were investigated using the
Wilcoxon test. For postoperative drop, we compared the
first postoperative day with the preoperative day; for all
within the 10 weeks the first
postoperative day was taken as the reference value.

other changes
Bonferroni correction was applied for multiple compar-
isons. The significance level was p < 0.05 and for multi-
ple comparisons p < 0.05/number of comparisons.

Results
Demographics, basic clinical and biochemical data on the
111 patients are listed in Table 1. Patients were young (mean:
46.86 years) and stayed a long time on dialysis (mean: over 6
years). The proportion of patients with diabetic nephropathy
as an underlying disease is low (1.8%) as well as Diabetes as
a comorbidity (13.45%). Chronic Glomerulonephritis is with
36% the most prevalent underlying disease.

Patients had elevated pre-op PTH- (mean: 1417
pg/mL) and AP levels (mean: 231 U/I) demonstrating
high bone turnover.

Based on the postoperative treatment with alfacalcidol, the
patients were divided into a “high-dose group” (HDG) con-
sisting of 67 patients and a “low-dose group” (LDG) consist-
ing of 44 patients. Classification into HDG and LDG is
illustrated in Table 2. Basic clinical data did not differ between
groups, only the number of kidney transplants differed signifi-
cantly (Chi’ (2) = 9.631, p = 0.006). The average duration of
hospital stay was 5.52 days for the HDG and 6.95 days for the
LDG (U =-0.40, p = 0.693). Although the average length of
stay did not significantly differ, a larger proportion of LDG
patients were discharged from hospital after eight days. In the
LDG, about 23.08% of patients had to stay longer than eight
days, with two patients staying for 12 days and one patient
each for 19, 24 and 26 days, respectively. Only 4.84% in the
HDG had to stay longer than eight days (those three patients
were discharged after ten days).

Calcium
Preoperative calcium values in both groups exceeded the
normal value: 2.39 + 0.25 mmol/l in the HDG and 2.52 +
0.25 mmol/l in the LDG. Postoperatively, the mean cal-
cium value dropped to 1.93 + 0.34 mmol/l in the HDG (z =
—6.21, p < 0.001) and to 1.99 £+ 0.31 mmol/l in the LDG
(z =-4.94; p <0.001) (Figure 1).

Within the HDG, the lowest average was measured on
the first postoperative day at 1.93 + 0.34 mmol/l
Thereafter, the mean value rose steadily, so that from
the second postoperative day until the end of the observa-
tion period, the values fell within the normal range. We
noted a significant increase compared to the first
postoperative day on day 4 (z = —3.02, p = 0.002), 5-9
(z=-2.71, p = 0.006) and 10-18 (z = —3.15, p = 0.001)
and between week 3-5 (z = —2.80, p = 0.004) and 6-8 (z =
—3.97, p < 0.001). The lowest calcium value measured in
one patient was 1.34 mmol/l, the highest was 3.32 mmol/l.

In the LDG, the mean calcium value dropped to 1.99 +
0.31 mmol/l on the first postoperative day. It continued to
drop significantly to 1.58 + 0.37 mmol/l by the fourth
postoperative day (z = —3.07, p < 0.001). The lowest
calcium value was measured between days 5 and 9 at
1.00 mmol/l, whereas the highest value was 2.86 mmol/l.

The mean value in the HDG was significantly higher
than the LDG’s on the 4th (z = —=3.87, p < 0.001), 5th-9th
(z=-2.99, p = 0.002), and 10th-18th postoperative days
(z=-2.84, p = 0.004).

To evaluate the hypo- as well as hypercalcemia more
precisely, we classified the calcium values: a calcium value
between 2.0-2.6 mmol/l

was considered normal.
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Table | Sociodemographic Data and Basic Biochemical Data of the Total Patient Collective

n
Sex Male 11 58.56% (65)
Female 41.44% (46)
Age [years] 11 46.86 = 14.01
BMI [kg/m?] 85 26.08 + 5.35
Dialysis Modality HD 96 76.04% (73)
PD 20.84% (20)
Non 3.12% (3)
Duration of Dialysis [month] 91 74.04 = 64.11
Underlying disease Glomerulonephritis 11 36.04% (40)
Cystic-dysplastic degeneration 13.51% (I5)
Hypertensive nephropathy 7.21% (8)
Diabetic nephropathy 1.80% (2)
Tubular-interstitial nephropathy 7.21% (8)
Autoimmune vascular nephropathy 1.80% (2)
Cirrhotic kidney 8.11% (9)
Others or unknown 24.32% (27)
Transplantable No 99 21.21% (21)
Yes 78.79% (78)
Number of KTx prior to PTx 0 99 68.69% (68)
| 23.23% (23)
2 8.08% (8)
Comorbidities Coronary heart disease 104 23.07% (24)
Arterial occlusive disease 6.73% (7)
Valvular insufficiency 10.57% (I1)
Diabetes mellitus 13.46% (14)
Preoperative Calcium 105 2.44 + 0.25 mmol/l
Phosphate 47 5.71 £ 1.48 mg/d|
PTH 99 1417.44 + 791.17 pg/mL
AP 69 231.35 £ 246.79 U/l

Notes: Data are given as mean * SD or as % values (absolute number). Differences in the size of the collective are given as n.
Abbreviations: HD, haemodialysis; PD, peritoneal dialysis; PTx, parathyroidectomy; KTx, kidney transplantation.

Hypocalcemia was further categorized as mild (1.7-2.0
mmol/l), moderate (1.5-1.7 mmol/l) or severe (< 1.5
mmol/l) and hypercalcemia was considered whenever
values > 2.6 mmol/l. Detailed examination revealed clear
differences between groups over the course (Figures 2
and 3).

The highest rate of hypocalcemia (< 2.0 mmol/l) within
the HDG, was observed on the first day at 57.6%, with the
so that from the fourth

postoperative day, most patients attained normal calcium

rate decreasing steadily,
values. The rate of severe hypocalcemia reached its 8.5%
maximum on day one. Hypercalcemia occurred most fre-
quently between days 1018, at 14.3%.

We observed normal calcium values in the LDG on the
first day (45.7%) and in the sixth to eighth week (50%)
postoperatively. At all other time points, only between
11.8-38.5% of patients had calcium values of 2.0-2.6
mmol/l. Most patients developed hypocalcemia (< 2.0
mmol/l) on the fourth postoperative day (88.2%). The
proportion of patients with severe hypocalcemia increased
to 47.1% on day four, accounting for the majority of
hypocalcemia until day 18. Overall, more than half of
the patients (53.8%) still had hypocalcemia after ten
weeks, with 30.8% having severe hypocalcemia. The high-
est rate of hypercalcemia appeared after the fifth week
at 8.3%.
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Table 2 Sociodemographic Data and Information of Kidney Transplantations of HDG and LDG
n HDG n LDG p-value
Sex Male 67 61.19% (41) 44 54.55% (24) 0.556
Female 38.81% (26) 45.45% (20)
Age [years] 67 4687 + 12.24 44 46.86 + 16.50 0.944
BMI [kg/m?] 54 26.32 + 5.56 31 25.64 + 5.01 0.791
Transplantable No 65 21.54% (14) 34 20.59% (7) 1.000
Yes 78.46% (51) 79.41% (27)
Number of KTx prior to PTx 0 65 69.23% (45) 34 67.64% (23) 1.000
| 23.07% (15) 23.53% (8)
2 7.69% (5) 8.82% (3)
Dialysis Modality HD 63 76.19% (48) 33 75.76% (25) 0.480
PD 19.05% (12) 24.24% (8)
Non 4.76% (3) 0.00% (0)
Duration of Dialysis [month] 60 79.35 £ 64.76 31 63.77 + 62.58 0.162

Notes: Sociodemographic parameters and number of kidney transplants were compared between “high dose group” and “low dose group” using Chi” test for nominally
scaled values and Mann—Whitney-U test for interval scaled values, respectively. Data are given as mean + SD or as % values (absolute number). Differences in the size of the

collective are given as n.

Abbreviations: HD, haemodialysis; PD, peritoneal dialysis; PTx, parathyroidectomy; KTx, kidney transplantation.

Phosphate

A significant drop in phosphate levels compared to the first
postoperative day was only observed on the second
postoperative day in the HDG (z = —3.78, p < 0.001)
The lowest average was measured on the fourth
postoperative day with 4.48 + 1.21 mg/dl. Thereafter
a continuous increase up to 5.76 £ 2.18 mg/dl was
observed until the tenth week. Within the LDG, there
was no significant change postoperatively, but the mean
values measured were within the reference range from
the second postoperative day.

As seen in Figure 4, the LDG exhibited consistently lower
phosphate levels approximating the reference range (2.7-
4.5 mg/dl) than the HDG. However, we noted a statistically
significant difference between groups only in the sixth to
eighth week postoperatively (z = —2.80, p = 0.004).

Alkaline Phosphatase

Both groups revealed a significant drop after the removal of
their glands (Figure 5). The preoperative mean of HDG was
218.78 £ 236.52 U/1, dropped to 153.49 = 113.11 U/l on day
one (z = —2.76, p = 0.005), increased slightly to 196.77 +
211.16 U/l on the second to fourth day (z = —4.51, p = 0.001)
and to 306.57 + 337.25 U/l between day 5-18 (z=—4.81,p =
0.001). The mean within the LDG significantly dropped from
256.48 +269.89 U/l preoperatively to 200.93 + 256.15 U/l on

the first day (z =—2.52, p = 0.008). We found patients in both
groups presenting high AP levels until the end of the observa-
tion period. In the HDG seven out of 42 patients had AP values
above 200 U/l with the highest being at 1007.00 U/l but in the
LDG there were three patients out of 13 (one was at 314.00 U/
1, the second at 1206.50 U/I and the third at 1503.50 U/I).

Parathyroid Hormone

PTx in both groups caused a significant decrease in PTH
from 1538.10 £ 758.47 pg/mL preoperatively to 109.69 +
254.38 pg/mL on the first postoperative day (z = —5.86; p <
0.001) in HDG and from 1206.29 + 813.34 pg/mL to 117.29
+290.07 pg/mL (z = —2.67, p = 0.004) in LDG. During the
ten weeks there were no significant changes within the
groups compared to the first postoperative day and the data
revealed no significant differences between the groups
(Figure 6). Still, 8 out of 111 patients (7%) showed (a)
persistent or (b) recurrent hyperparathyroidism.

Reasons for persistent disease were 1) supernumerary
gland in the right carotid sheath (YB), 2) supernumerary
gland in the right thyrohyoid ligament (AJ), 3) 78% intrao-
perative decrease and persistent disease until LD NTX with
normalization thereafter (SF), 4) intrathymic extraligamentary
localization (PG) and 5) left lower gland not identified (ZD).

After ten weeks, six out of 41 patients in the HDG had
PTH values above 300 pg/mL (383 pg/mL; 421 pg/mL;
433 pg/mL; 490 pg/mL; 1083 pg/mL; 1105 pg/mL) and
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Figure | Boxplot calcium course of the “high dose group” and “low dose group”.

Notes: Black line = median; box = interquartile range; whisker = 1.5 times IQR or minimum/maximum; dots = extreme outliers. “High dose group” is shown in grey; “Low
dose group” is shown in white. Level of significance: *p < 0.05; **p < 0.01; ***p < 0.001.

two out of 13 LDG patients were above 300 pg/mL (738  therefore recorded the HDG’s daily dose. As Table 3

pg/mL; 2318 pg/mL). shows, all patients received 12 pg alfacalcidol until
the second day. The first patients’ doses could be reduced
Medication starting from the third day, and from day ten, their alfa-

During the biochemical course, we were interested in the ~ calcidol could be discontinued. In the end, the average
application of alfacalcidol and calcium supplements and dose was reduced to 4.77 + 4.49 ug but there were also

80%
70%
60%
50%
40%
30%

. | | | | |
10%
o IIII-IIIIIII--II-I--II dn . L

pre-op day 1 day 2 day 3 day4 day5-9 day 10-18 week 3-5 week 6-8 week 9-10
[n=66] [n=59] [n=59] [n=49] [n=42] [n=42] [n=35] [n=37] [n=36] [n=36]

m<1.5mmol/l ®>1.5-1.7mmol/l =>1.7-2.0mmol/l >2.0-2.6mmol/l = >2.6mmol/l

Figure 2 Calcium values within “high dose group”.
Note: Analysis of calcium values during the ten postoperative weeks divided into hypo- or hypercalcemia.
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Note: Analysis of calcium values during the ten postoperative weeks divided into hypo- or hypercalcemia.
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Figure 4 Boxplot phosphate course of the “high dose group” and “low dose group”.

Notes: Black line = median; box = interquartile range; whisker = 1.5 times IQR or minimum/maximum; dots = extreme outliers. “High dose group” is shown in grey; “Low

dose group” is shown in white. Level of significance: **p < 0.01; ***p < 0.001.

patients who still required 16 pg alfacalcidol. Calcium
acetate was initiated at 8550 mg on days 1 and 2 and
then adjusted appropriately. Calcium was substituted intra-
venously in 7.6% (n = 67) of patients in the HDG, whereas
45.7% (n
calcium. During the first week postoperatively, citrate

44) of LDG patients received intravenous

was used as an anticoagulant during hemodialysis and
calcium was substituted intravenously during dialysis

treatment (4—6 hours). In peritoneal dialysis patients cal-
cium in the dialysis bag was increased from 1.25 mmol/l
to 1.75 mmol/l.

Preoperative Treatment with Cinacalcet

In our total cohort of 111 patients, 51 patients (45.95%)
received cinacalcet before surgery, We analyzed differ-
ences between those groups for the course of calcium,
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Figure 5 Boxplot alkaline phosphatase course of the “high dose group” and “low dose group”.
Notes: Black line = median; box = interquartile range; whisker = 1.5 times IQR or minimum/maximum; dots = extreme outliers. “High dose group” is shown in grey; “Low

dose group” is shown in white. Level of significance: **p < 0.01; ***p < 0.001.

phosphate, AP and PTH but could not find any signifi-
cance. Our data demonstrated no influence of preoperative
cinacalcet administration on the postoperative course in
any of the parameters.

Discussion

In patients undergoing PTx for sHPT, the period after
surgery is characterized by a presumed drop in calcium
and PTH. Our findings suggest, that higher doses of alfa-
calcidol and calcium acetate reduce both the incidence and
the degree, as well as the timing of hypocalcemia.

Our data on the postoperative course of PTH fall in line
with data from previous studies. A drop in PTH due to the
removal of the glands is often used as an indicator for
successful surgery.!”?>2* As a consequence, calcium is
shifted from the blood
hypocalcemia.

into the bone leading to

The incidence of hypocalcemia after PTx ranges
between 27% and 83%.'>'7** Our results were similar,
where 57.6% of the HDG and 82.2% of the LDG devel-
oped hypocalcemia (< 2.0 mmol/l) within the first days.
The administration of active vitamin D (calcitriol or

alfacalcidol) reduces the incidence of hypocalcemia. It
has long been known that postoperative treatment with
As
a transcription factor for a calcium-binding protein that

calcitriol ~ impacts  serum  calcium levels.'
transports calcium and phosphate ions across intestinal
epithelial cells, calcitriol stimulates the uptake of calcium
in the intestine, thus raising serum calcium levels.”® Clair
et al compared patients receiving calcitriol to patients
receiving a placebo within the first 14 days after PTx
and detected a lower rate of hypocalcemia and less need
for calcium supplements in patients receiving calcitriol.'”
Further investigations about the role of calcitriol were
done by Niramitmahapanya et al who compared three
groups receiving different regimens of calcitriol: “fixed
dose” of calcitriol, “titrated dose” of calcitriol against
serum calcium level and “loaded dose” of calcitriol, with
loading of 2.25-4 pg/day at first postoperative day.
Concerning serum calcium they showed that patients
receiving “the loaded” dose required significant less intra-
venous calcium gluconate than those in the “titrated dose”
group.'® Based on this finding our study affirms previous

approaches about the role of high-dosage vitamin D after
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Figure 6 Boxplot parathyroid hormone course of the “high dose group” and “low dose group”.
Notes: Black line = median; box = interquartile range; whisker = 1.5 times IQR or minimum/maximum; dots = extreme outliers. “High dose group” is shown in grey; “Low

dose group” is shown in white. Level of significance: **p < 0.01; ***p < 0.001.

PTx but as far as we know, calcitriol has only been applied
at doses up to 4 pg per day.'>****% In our HDG given 12
ng alfacalcidol, the percentage of patients who developed
serum calcium values < 1.5 mmol/l was significantly lower
than in the group given less alfacalcidol. The frequency of
severe hypocalcemia was considerably lower in the HDG,
and more of those patients had calcium levels within the

reference range (2.0-2.6 mmol/l) compared to the LDG.
There are no data in the literature to compare these results
about the degree of hypocalcemia, but our data suggest
that applying high doses of alfacalcidol reduces the sever-
ity of hypocalcemia. In terms of the time of onset of
hypocalcemia, it seems that high-dosage alfacalcidol treat-
ment improves the development of hypocalcemia in that it

Table 3 Postoperative Alfacalcidol Dose Within “High Dose Group”

n Mean [ug] £ SD Min [ug] Max [pg] p

Day 1-2 67 12,00 + 0 12 (n=67) 12 (n=67)

Day 34 67 11,29 + 1.92 2,5 (n=1) 12 (n=57) <0.01%*
Day 5-6 67 10,08 + 3.79 I (n=2) 16 (n=4) < 0.00 | *¥
day 7-9 54 9,25 + 4.88 I (n=2) 20 (n=1) < 0.00 | ¥
Day 10-18 40 7,63 £ 449 0 (n=1) 16 (n=3) < 0.00 | *¥
Week 3-5 28 4,47 + 3.58 0 (n=1) 16 (n=1) < 0.00 | **
Week 6-8 17 3,71 £424 0 (n=2) 16 (n=1) < 0.00 | ik
Week 9-10 13 4,77 £ 449 0 (n=2) 16 (n=1) < 0.01%*

Notes: Listed are mean + SD, minimum (min) and maximum (max) dose of alfacalcidol of the verum group. Values are given in pg/day. Changes over time were analysed by
Wilcoxon test, using the first postoperative day as the reference value. A significant reduction compared with the first postoperative day was evident from the third
postoperative day onward (**p < 0.0, ¥** p < 0.001). Differences in the size of the collective are indicated as n.
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appears significantly earlier compared to lower dose alfa-
calcidol (day 1 in HDG vs day 4 in LDG). In those studies
investigating postoperative calcium courses within the first
14 days:
PTx occurs even

the nadir of mean calcium levels after

later, between the 9th and 14th

postoperative day.'>!7%3

Recent studies have investigated the prevention of
hypocalcemia by starting to apply calcitriol before surgery.
The ideas of this approach rely on the assumption that
calcitriol needs 24 hours until its effect occurs.”"** This
could be an approach worth taking to optimize the therapy
with high-dose alfacalcidol and to prevent hypocalcemia
that appears especially within the first postoperative days.
The restrained use of calcitriol after PTx in previous
studies could be due to considering that administering
more than 2 pg calcitriol per day leads to supraphysiolo-
gical serum levels and thus has no additional effect. We
cannot judge this from our study, we did not measure the
1.25 OH D2 level, however, one would expect signifi-
cantly higher incidence of hypercalcemia from supraphy-
siological levels.'” Hypercalcemia occurred in 14.3% of
our HDG within the 3rd week with a maximum of 3.32
mmol/l, compared to 8.3% of our LDG with a maximum
of 2.86 mmol/l. Thus, we should be aware of this side
effect, and serum calcium and AP should be measured
closely in order to adjust the alfacalcidol and calcium
acetate supplementation appropriately.

The approach, indication and timing of calcium sup-
plementation differ among authors. Some start intravenous
calcium substitution immediately after surgery and slowly
reduce it according to serum calcium levels.'”*> Others
administer calcium orally immediately after PTx at doses
ranging from 1 to 3 g calcium per day and reserve intra-
venous application for severe hypocalcemia (< 7.0 mg/dl)
or the appearance of severe hypocalcaemic symptoms such
as numbness, paresthesia or tetany.'”?*?*** Calcium is
straightforward, and an efficient way to resolve hypocal-
cemia but patient adherence is often quite poor because of
side effects like diarrhea, and intravenous application
implies a prolonged hospital stay.'® Our results show that
by high-dosage vitamin D therapy, the need for additional
intravenous calcium application is significantly reduced.
Only 7.6% of our HDG patients compared to 41-90% in
previous studies required intravenous calcium.”'¢2%2!

Hungry bone disease after PTx is often associated with
a longer hospital stay.”>*"*® Although the duration of hospital
stay did not differ statistically (median 5 (HDG) vs 6 days

(LDG)) almost a quarter of the LDG patients had to stay
longer than 8 days, whereas only 5% of the HDG patients did.

Despite the application of phosphate chelators, our data
reveal the influence of active vitamin D on the phosphate
course. Patients receiving high doses of alfacalcidol present
slightly higher phosphate levels, which probably reflects the
increased absorption of phosphate via the gastrointestinal
tract.”® Previous data show a postoperative drop in phosphate
during the first 14 days, followed by a gradual increase, still
measuring values within the reference range.”*> The phos-
phate-lowering effect of phosphate chelators is most likely
overwhelmed by the high alfacalcidol dose.

AP as a bone remodeling parameter does not seem to be
affected either by doses of calcitriol up to 2 pug per day* or by
high doses of alfacalcidol. An increase in AP is observed
between days 5 and 18, which is consistent with data from
studies where an increase was observed between the first
and second week.”'”*> Those data suggest that increased
bone formation occurs in the period after PTx. This remodel-
ing process is most active after two weeks, but then subsides.”’

The present study has certain limitations: we designed
a retrospective single-center study, and the number of the
patients in the control group (LDG) was limited. Other
parameters might also have been helpful, eg, measuring of
25-OH Vitamin D levels in order to discuss the influence
of vitamin D deficiency on the outcome of HBS, and
serum levels of 1.25 OH Vitamin D in the presence of
the high-dose alfacalcidol administration.

Abbreviations

AP, alkaline phosphatase; PTH, parathyroid hormone; PTx,
parathyroidectomy; CKD, chronic kidney disease; MBD,
mineral bone disorder; sHPT, secondary hyperparathyroid-
ism; HDG, high dose group; LDG, low dose group.

Summary

The period after PTx in CKD stage 5 patients is character-
ized by an assumed drop in calcium and PTH within the
first days. Ongoing high bone turnover is observed in
the second and third weeks. This study shows that therapy
with high-dose alfacalcidol immediately after surgery
improves serum calcium levels, while significantly redu-
cing episodes of severe hypocalcemia (< 1.5 mmol/l);
moreover, the need for intravenous calcium application is
far less pronounced. Nevertheless, patients must be closely
monitored in order to avoid overtreatment resulting in
hypercalcemia.
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We hope that our findings will help optimize manage-
ment strategies to prevent symptomatic hypocalcemia and
prolonged hospital stays.
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