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Abstract

Background: Post operative hypocalcemia is a common
complication of thyroid and parathyroid surgery and is treated with
calcium and/or active Vitamin D supplements, such as alfacalcidol.
Although reportedly uncommon, we observed several cases of
alfacalcidol induced hypercalcemia within a short period of time.

Objective: To determine the incidence alfacalcidol induced
hypercalcemia in the post-surgical setting and explore factors
predisposing to this complication.

Patients and Methods: This was a retrospective cohort study.
All prescriptions for alfacalcidol for post-surgical hypocalcemia in
a three-year period were reviewed; and clinical and biochemical
characteristics of these patients were ascertained. The main outcome
measure was the occurrence of hypercalcemia. Potential risk factors
for hypercalcemia were also investigated.

Results: Of 61 patients prescribed alfacalcidol for post-surgical
hypocalcemia, 17(27.9%) developed hypercalcemia. Of these, one
patient had a significant clinical event. Exploratory analyses did not
identify any potential factors that could predict the risk or severity of
this complication.

Conclusions: This report serves to raise awareness of the risk
of alfacalcidol induced hypercalcemia in patients with post-surgical
hypoparathyroidism; which is higher than previously estimated.
Given the inability to predict hypercalcemia and the variability
of parathyroid recovery after surgery, serum calcium should be
monitored regularly and attempts should be made to gradually
withdraw active Vitamin D supplements for all patients with post-
surgical hypoparathyroidism.
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Introduction

Hypocalcemia is a recognized complication of thyroid
surgery, with transient and long-term rates varying from 19 to
38% and 0 to 3% respectively [1]. The fourth national audit of
the British Association and Endocrine and Thyroid Surgeons
(BAETS) published surgeon reported rates of 26.6% and 13.6%
for temporary and permanent hypocalcemia [2]. Post- surgical

hypocalcemia is usually secondary to hypoparathyroidism;
underlying mechanisms include directinjury or devascularization
of parathyroid glands, orremoval. Severalriskfactorsareinvolved,
including perioperative PTH levels, preoperative vitamin D,
female gender, Graves’ disease, parathyroid autotransplantation
or inadvertent excision [1]. It is also a potential complication of
parathyroid surgery, with reported rates of around 11% [3]. In
surgery for Graves’ disease and primary hyperparathyroidism,
hypocalcemia may occasionally be secondary to ‘hungry bone
syndrome’; this refers to the rapid uptake of calcium by bones
following surgery [4]. It should be noted that in this scenario,
however, Parathyroid hormone (PTH) levels are relatively
normal or high.

The signs and symptoms associated with hypocalcemia
cover a clinical spectrum that ranges from asymptomatic
to evidence of neuromuscular excitability (tingling, muscle
twitches, carpopedal spasm), to more severe and potentially
life- threatening complications, such as cardiac arrhythmias and
seizures [5]. Treatment takes into consideration the severity of
the hypocalcemia, the presence of symptoms, and the likelihood
of early recovery of parathyroid function. Medical management
usually involves a combination of calcium supplements and
an active vitamin D. Vitamin D is a fat-soluble molecule that
increases the gastrointestinal absorption of calcium, thus playing
a crucial role in calcium homeostasis. Activated forms of vitamin
D are preferable, as the lack of Parathyroid hormone (PTH)
results in an inadequate conversion of 25-OH vitamin D to the
active 1, 25-dihydroxy vitamin D, by the 1-alpha hydroxylase
enzyme in the kidneys. Two forms of active vitamin D are in
common use-alfacalcidol (1-OH vitamin D) and calcitriol (1,
25-dihydroxyvitamin D). The former is a pro-drug and requires
25-hydroxylation in the liver, but does not require PTH
dependent 1-alpha hydroxylation. Alfacalcidol is thought to be
preferable to calcitriol as the risk of hypercalcemia may be higher
with calcitriol (12.2%) than alfacalcidol (2.6%), as demonstrated
in a systematic review [6]. In addition, calcitriol has the potential
to suppress parathyroid hormone to a greater extent [7]; an
undesirable characteristic in post-surgical patients.
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The potential for alfacalcidol to cause hypercalcemia is well
known [8-11]. The rate of hypercalcemia following alfacalcidol is
howeverunclear; one papersuggestsarateof2.6% [11]inasetting
other than post-surgical hypoparathyroidism. The standard
practice in the management of surgical hypoparathyroidism
in this centre is treatment with a combination of calcium and
alfacalcidol, which are then gradually withdrawn. It was noted
over a period of time that seven postoperative patients on
alfacalcidol developed hypercalcemia. This retrospective cohort
study was therefore performed with the objective of determining
the incidence of hypercalcemia in patients prescribed alfacalcidol
in the post-operative setting, and exploring potential patient and
treatment related factors that could be associated with the risk
and/or severity of hypercalcemia.

Patients and Methods

An inductive approach was taken to address the research
question in this retrospective cohort study. All alfacalcidol
prescriptions were retrieved from hospital pharmacy records.
Patients prescribed alfacalcidol for post-surgical hypocalcemia
in a three year period (January 2010 to December 2012) by
clinicians involved in the management of thyroid and parathyroid
disorders were included. Patients were excluded if they did
not have thyroid or parathyroid surgery or if alfacalcidol was
prescribed for another condition (such as renal failure). The
following data was obtained from electronic and ‘hard copy’
sources:

e Details of surgery, postoperative hypocalcemia and
management of hypocalcemia

e Factors that may influence the risk and severity of
hypercalcemia such as concomitant medications (e.g.
calcium and thiazide diuretics), related biochemistry
(e.g., serum vitamin D and PTH levels) and co-morbid
conditions (e.g. renal failure).

e Presentation and biochemical features of hypercalcemia,
if present.

The normal range for the serum biochemical measurements
were 2.20-2.60 mmol/ L for adjusted calcium and 15-65 ng/ L
for intact parathyroid hormone. In general, calcium levels were
routinely measured on the morning and afternoon of the day after
surgery. Subsequent measurements were only done selectively
at follow up on the basis of symptoms, need for supplements
and the judgement of the treating clinician. Alfacalcidol was
commenced in addition to calcium supplements in postoperative
patients with significant (adjusted calcium < 2.0 mmol/ L) or
symptomatic hypocalcemia. In some patients, alfacalcidol was
prescribed when significant and long-term hypoparathyroidism
was expected; such as following a subtotal parathyroidectomy.
During the period of the study, there was no formal protocol for
the management of these patients and the decision to treat, dose
of treatments used, duration and frequency of monitoring and
decision to wean vitamin D and/or calcium supplements were
made by treating clinician. Parathyroid hormone levels were
not routinely measured. Further monitoring of biochemistry
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and symptoms were usually done by the surgical team and
occasionally by an endocrinologist or the GP.

All data was retrieved by one observer and the second
observer validate the accuracy of all biochemical values obtained
from electronic records.

Data Analysis

The primary end point was the frequency of symptomatic or
biochemically detected hypercalcemia (adjusted serum calcium
of = 2.6 mmol/ L), described as a percentage. Exploratory
analyzes were undertaken to determine any associations between
potential risk factors and the occurrence of hypercalcemia.
The statistical tests employed to determine the significance
of potential associations included Chi-square test with Yates
correction or Fisher’s exact test for binary variables; and the
Mann Whitney U test for continuous variables (having assumed
that they are not normally distributed).

This study did not require explicit consent from individual
patients and was approved by the R&D department of the
Sheffield Teaching Hospitals NHS Foundation Trust (Reference
number: STH18118) as an observational (retrospective cohort)
study.

Results

Sixty-one patients who were prescribed alfacalcidol following
thyroid and/or parathyroid surgery were included in the analysis
(figure 1). There were 45 females. The median (inter-quartile
range) age at surgery for these patients was 50.5 (34-66). Of
these, 34 underwent thyroid surgery, 23 had parathyroid surgery
and the rest (n = 4) had both thyroid and parathyroid surgery
simultaneously. The majority of these patients were started on
alfacalcidol following detection of biochemical hypocalcemia (n
= 57) in the postoperative period. Two patients had symptoms
of hypocalcemia after parathyroid surgery for hypercalcemia and
were started on alfacalcidol despite a normal adjusted calcium
level. In two patients, alfacalcidol was started prophylactically
following a subtotal parathyroidectomy, despite the absence
of symptoms and biochemical evidence of hypocalcemia. The
median (inter-quartile range) number of days after surgery to

Patients prescribed Alfacalcidol
in a three year period
(n=96)

o | No Surgery
. (n=33)

Had thyroid/parathyroid surgery
(n=63)

No details available (n=1)
Hypercalcacmic prior to
Alfacalcidol starting
(n=1)

{ l

Hypercalcacmia No hypercalcacmia
(n=17) (n=44)

Figure 1: Flow chart demonstrating the inclusion of patients in the
study:.

Citation: Leng C, Charlesworth G, Nofal E, Balasubramanian SP (2015) Hypercalcemia following Alfacalcidol for Post-Surgical BgE¥es 2 of 5 IIII

Hypoparathyroidism-An Underestimated Complication? ] Endocrinol Diab 2(5): 1-5. DOI: http://dx.doi.org/10.15226/2374-

6890/2/5/00135


http://dx.doi.org/10.15226/2374-6890/2/5/00135
http://dx.doi.org/10.15226/2374-6890/2/5/00135

Hypercalcemia following Alfacalcidol for Post-Surgical Hypoparathyroidism-An

Underestimated Complication?

the initiation of treatment with alfacalcidol was 2 (1-3) days. The
median (inter-quartile range) adjusted calcium level at the time of
initiation of alfacalcidol treatment in patients with postoperative
hypocalcemia was 1.98 (1.92-2.04) mmol/ L.

Seventeen patients (27.9%) developed hypercalcemia. This
was detected at median (inter-quartile range) duration of 32 (4-
124) days. The median (inter-quartile range) adjusted calcium
level when hypercalcemia was first detected in this cohort was
2.71 (2.63-2.82) mmol/L. The median (inter-quartile range)
of the highest adjusted calcium level in this group was 2.71
(2.64- 2.84) mmol/L. Further characteristics of these patients
are demonstrated in Table 1. Apart from concomitant calcium
supplements, no patient was found to be on other medications
(such as thiazide diuretics) that could exacerbate hypercalcemia.
Following the occurrence of hypercalcemia, supplements were
either stopped or reduced in all patients. Patients were monitored
closely and appropriate dose adjustments to alfacalcidol were
made as considered necessary by the treating clinician.

Comparison of patients who did and did not develop
hypercalcemia did not reveal any significant differences in age,
gender, initial dose of alfacalcidol, calcium supplements, type of
surgery, adjusted serum calcium or PTH levels prior to starting
alfacalcidol (Table 2).

Discussion

The occurrence of hypercalcemia in patients on alfacalcidol
for postoperative hypocalcaemia is thought to be rare, but
several patients in this institution were noted to have this
complication by the senior author; worryingly two patients
had acute renal impairment secondary to hypercalcemia. A
literature review demonstrated several case reports describing
hypercalcemia in patients receiving calcium and vitamin D
supplements for postoperative hypoparathyroidism. The vitamin
D supplements included alfacalcidol [8,12], calcitriol [13-15] and
dihydrotachysterol [16]. Given the paucity of data and the lack
of cohort studies in this population, this systematic study was
undertaken.

The results of this retrospective cohort study demonstrate
that a significant proportion of patients (27.9%) developed
hypercalcemia following the prescription of alfacalcidol for
postoperative hypoparathyroidism. This is much higher than that
previously reported in other settings [11]. A likely explanation for
this phenomenon is the closer biochemical monitoring of these
patients, use of relatively high doses of alfacalcidol (0.25-2.00
mcg/ day) in the postoperative setting, and the variability in the
speed and extent of recovery of parathyroid function following
surgery. The authors’ current practice and outcomes with
regards to post thyroidectomy hypocalcemia rates (temporary
and long term hypocalcemia of 35% and 5.5% respectively) have
been reported recently [17]. Patients are usually only started
on alfacalcidol and calcium supplements if the hypocalcemia
is significant (< 2.0mmol/L) and/or symptomatic. While it is
possible that premature prescription of alfacalcidol may have
contributed to hypercalcemia, this complication did not occur
in any of the four patients in whom alfacalcidol was started for
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hypocalcemic symptoms or in a prophylactic manner. Moreover,
there was no association between the dose of either alfacalcidol
or calcium supplements and the occurrence of hypercalcemia.

No treatment or patient related variable (including pre
alfacalcidol calcium or PTH levels) was associated with
hypercalcemia. The lack of influence of the dose of alfacalcidol
and calcium salts on the risk of hypercalcemia probably reflects
the unpredictable nature of parathyroid gland recovery. Delayed
recovery of parathyroid glands has been shown to occur many
years following surgery [18].

Active vitamin D supplements such as alfacalcidol
are invaluable in the management of post-thyroidectomy
hypocalcemia. This series demonstrates the risk of
hypercalcemia; awareness of which should result in early
identification and prompt treatment of the complication. For
patients with post-surgical hypocalcemia, we recommend
monitoring of both calcium and PTH levels every few weeks and
tailoring of the dose of alfacalcidol and calcium supplements to
maintain adjusted calcium levels between 2.0 and 2.2 mmol/L
[19]. Any coexisting vitamin D deficiency should be treated with
inactive vitamin D treatment (such as cholecalciferol). Gradual
withdrawal of supplements should be attempted in patients with
an adjusted calcium level of > 2.2 mmol/L. Alfacalcidol should
be withdrawn (in steps of 0.25 mcg/day at a time), especially in
patients with PTH levels in the normal range. The result of this
report has been disseminated to clinicians in the departments of
endocrine surgery, endocrinology and oncology. Current practice
has changed to include routine measurement of PTH levels
after surgery and institution of a formal protocol to monitor
adjusted calcium and PTH levels every few weeks in patients on
supplements, treat co-existing vitamin D deficiency and facilitate
gradual withdrawal of alfacalcidol and calcium supplements in
asymptomatic patients with normal adjusted calcium levels. In
patients where alfacalcidol is required long term, the interval
between calcium checks is gradually extended to 6-12 months.

This retrospective study is restricted by inherent limitations
in a study of this design. The sample size is small, but adequate
to convey an important clinical message. As patients were
initially identified from the hospital pharmacy database, both
new and repeat alfacalcidol prescriptions were included in this
study. The study therefore includes patients who have been on
alfacalcidol for long periods of time. However, the methodology
is appropriate as this was intended to be a pragmatic study,
with the aim of determining the incidence of hypercalcemia in
a patient population at risk (i.e. those on alfacalcidol in a given
time period). Despite the significant proportion of patients who
developed hypercalcemia, only one had a significant clinical
event. This could be attributed to clinician awareness of this
potential side effect following the detection of the first few cases.
This may have resulted in adjustment of clinical practice (with
more frequent and close monitoring of adjusted calcium levels)
within the department. Five patients developed hypercalcemia
within a week of initiation of alfacalcidol supplements. It could
be argued in hindsight that these patients may not have needed
active vitamin D treatment. However, this could not be predicted
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Table 1: Characteristics of patients who developed hypercalcemia while on alfacalcidol treatment.
. . Bl(.)d.“.:m.l stry Findings when
Patient characteristics at initiation of Ti hvpercalcemic
alfacalcidol Alfacalcidol ime to . P .
. c s hypercalcemia . Presentation of
Adjusted initial dose Adjusted :
Serum (mcg/da) from start of Serum hypercalcemia
Age/Sex  Surgery serum PTH & alfacalcidol serum PTH
calcium (ng/L) calcium (ng/L)
(mmol/L) 8 (mmol/L) 8
Thyroid (hemi-
49F thyroidectomy) and 1, 9.1 1 28 days 2.60 2.5 Biochemical
parathyroid surgery
(single gland excision)
16 F Total thyroidectomy in |y, NA 2 Unknown 2.69 NA NA
MEN2 patient
34M Parathyroid surgery ) 3 263 1 110 days 2.63 20.1 Biochemical
(single gland excision)
69 F Parathyroid surgery 1) g 2429 025 22 days 3.10 506 Biochemical
(single gland excision)
Total thyroidectomy
82F and central node 1.63 10.8 1 65 days 2.71 10 Biochemical
dissection for PTC
Total thyroidectomy
64 F and central neck 1.97 <5 1 179 days 2.80 3 Biochemical
dissection for PTC
Subtotal Acute admission
53 M parathyroidectomy 1.93 5 05 33 days 374 4 with dehydration
and thymectomy for and renal
tertiary HPT impairment
Total thyroidectomy
62F and central neck 2.00 12 Unknown Unknown 2.75 NA NA
dissection for PTC
57F Total thyroidectomy 1, g, 49 1 70 days 2.69 85 Biochemical
for toxic goiter
Total thyroidectomy
80F and central node 1.51 14 1 2 days 2.88 13 Biochemical
dissection for PTC
Subtotal
57F parathyroidectomy for 2.05 19 1 2 days 2.75 19 Biochemical
PHPT
22F Total thyroidectomy 1, g, 27 0.5 5 days 2.70 27 Biochemical
for Graves’ disease
Subtotal
parathyroidectomy and . .
25M thymectomy for PHPT 1.98 10 1 3 days 2.65 5 Biochemical
(MEN1 syndrome)
Total thyroidectomy
a2M with central and 2.10 9 0.5 15 days 2.64 18 Biochemical
left selective neck
dissection for PTC
Total thyroidectomy
43 F and right central neck 2.01 5 1 1 day 2.61 11 Biochemical
dissection for PTC
Total thyroidectomy,
73F central and right 1.77 <25 1 679 days 2.74 49 Biochemical
selective neck
dissection for PTC
Subtotal NA
52M parathyroidectomy for 1.87 NA NA NA 2.69 NA
PHPT
Abbreviations: PHPT: Primary Hyperparathyroidism; PTC: Papillary Thyroid Cancer; MEN: Multiple Endocrine Neoplasia; NA: Not Available
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Table 2: Comparison of potential risk factors in patients with and without hypercalcemia.

Factor Patients deve_lopmg Patients not (_ieveloplng p-value
hypercalcemia hypercalcemia

Median (inter-quartile range) age 49 (34-66) 49 (34-66) p=0.628*

Gender (M/F) 5/12 11/33 p=0.979"

Median (IQR) alfacalcidol dose in 1(0.5-1.0) 1 (0.5-1.0) - 0319

mcg at initiation (n=15)** (n=37)** p=0

Median (IQR)dose of calcium in 2.5 (1.6-3.75) 2.4 (2-3) - 0.821*

grams at initiation of alfacalcidol (n=8)** (n=25)** p=5

Surgery (thyroid / parathyroid / 10/6/1 24/17/3 p=10

both)

Medlan.(lnter-.quartlle range) pr.e- 1.98 (1.95-2.09) 1.98 (1.94-2.09)

alfacalcidol adjusted serum calcium o e p=0.103*
(n=16) (n=43)

level

Median (inter-quartile range) pre- |11.4 (8-32.5) 11.65 (7.33-25.5) - 0.85

alfacalcidol PTH level (n=14)** (n=36)** p=5

# Mann Whitney U test; » Chi-square with Yates correction; + Fisher’s exact test. **Number where data was available

on the basis of calcium or PTH levels at the time of initiation of
alfacalcidol (Tables 1 and 2).

In summary, this study has highlighted that the risk of
alfacalcidol induced hypercalcemia in the post-operative
‘hypoparathyroid’ patient is considerably higher than what
literature would suggest. Given the consequences of prolonged
hypercalcemia and the difficulty in predicting parathyroid
recovery in this subset of patients, regular monitoring of adjusted
calcium levels and a concerted attempt to gradually withdraw
alfacalcidol supplements is strongly recommended.
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