Transplant Reciplents on the Edge of the Hypocalcemia Abyss
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Hypovitaminosis D is 4 risk factor for transplani-related osteoporosis. Its contribution to severe hypocalcemia in
transplant recipients is less well recognized. We present 2 cases to illustrate how risk factors specific to transplant
recipients significantly increase the risk of development of severe hypocalcernia, on a background of unrecognized
vitamin I3 deficiency. Regular surveillance of calcium homeostasis should be incorporated into routine clinical care
of transplant recipients. J Heart Lung Transplant 2009;28:93-5. Copyright © 2009 by the International Society for

Heart and Lung Trunsplantation.

The unique milieu of transplantation, created by the
combination of specific immunosuppressive medica-
tons on a background of chronic illness, exposes
transplant recipients to significant risk of hypocalcemia,
which can frequently escape medical attention. Al-
though hypovitaminosis I is a well-recognized contrib-
utor to transplantrefated disorders of bone mineraliza-
tion,' ™" its relationship to the development of severe
and life-threatening hypocalcernia is underrecognized.
We present 2 cases to illustrate how risk factors specific to
transplant recipients may lead to unrecognized decreases
in serum calcium concentration to clinically important
low levels, hightighting the importance of regular surveil-
lance of calcium homeostasis in transplant recipients.

CASE 1

A 59-year-old man was admitted for bilateral sequential
single-lung  transplantarion for idiopathic pulmonary
fibrosis (IPF). He received antibiotics and high-dose
steroid therapy (prednisolone 80 mg/day) prior to his
admission for exacerbation of his IPF. Routine post-
operative biochemistry demonstrated acute hypocalce-
mia with an ionized calcium (iCa) concentration of 0.96
mmol/liter (3.84 mg/dl) (Table 1 and Figure 1), subse-
quently found to be secondary to severe untreated
vitamin D deficiency, Risk factors for hypocalcemia
included dietary deficiency in hospital and sunlight
avoidance, in an effort to prevent skin cancer. Initial
attempted correction of hypocalcemia with calcitriol

From the "Department of Endocrinology, "Garvan Institute of Medical
Research, and “Cardiopulmonary Transplant Unit, $t Vincent's Hospi-
tal, Sydney, New South Wales, Australia.

Submitted March 6, 2008; revised June 3, 2008; accepted Scptem-
ber 17, 2008.

Reprint requests: Paul Lee, MD, Garvan Institute of Medical Re-
search, St Vincent's Hospital, 384 Victoria Street, Darlinghurst, Syd-
ney, NSW 2010, Australia. Telephone: 61-2-9295-8480. Fax: 61-2-9295-
8481, Email: p.lec@garvan.org.au
Copyright © 2009 by the International Society for Heart and Lung
Transplantation. 1053-2498/09/3-sce  front matter. doi:10.1016/
j.heatun.2008.09.010

and calcium supplement was unsuccessful. The patient
remained asymptomatic and serum calcium concentra-
tion only eventually normalized after vitamin D was
restored o sufficiency in combination with calcium
supplementation (Figure 1).

CASE 2

A 45-year-old man who underwent bilateral sequential
single-tung transplantation for cystic fibrosis 13 years
earlier presented with a 2-day history of per-oral and
peripheral numbness at the out-patient clinic, following
recent upper respiratory tract infection necessitating an
increased dose of prednisolone (from the usuat dose of
6 mg/day to 70 mg/day, which was rapered over 3
weeks). Other medications included tacrolimus 0.3 mg
twice daily, azathioprine 25 mg/day, pancreatic enzyme
supplement (Creon 10,000 to 20,000 U per meal),
esomeprazole 20 mg/day, pantoprazole 40 mg/day and
calcium carbonate 600 mg/day. Trousseau’s and Ch-
vostek's signs were negative. Biochemistry confirmed
severe hypocalcemia with an iCa concentration of 0,72
mmol/liter (2.88 mg/dD), with secondary hyperparathy-
roidism on a background of hypomagnesemia and
severe vitamin I deficiency (Table 1). Choteculciferot,
calcitriol, magnesium supplement and calcium citrate
were conumenced. Normocalcemia was achieved after
1 week, and calcitriol was ceased once serum calcium
concentration began to rise (Figure 1),

BISCUSSION

Causes of hypocalcemia in transplant recipients are mult-
factorial, including increased loss of calcium and de-
creased gastrointestinal absorption, Glucocorticoids are
commonly used in high doses immediately post-transplant
(Case 1) or during infective exacerbation of undetlying
pulmonary conditions (Case 2). Such high doses may
precipitate hypocalcemia, possibly due to renal calcium
wasting” and reduction of intestinal calcium absorption.®

Hypovitaminosis D is well recognized in transplant
recipients,’™® and vitamin D sufficiency is emphasized
in the prevention and wreatment of transplant-related
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Table 1. Baseline Biochemistry of Patients®
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Case 1 Case 2 Reference
Sodium 140 139 137-147 mmol/iter
Potassium 41 39 3.5-5.5 mmol/iiter
Chioride 102 105 85-110 mmol/liter
Bicarbonate 25 28 24-31 mmol/liter
Urea nitrogen 18.2 (6.5) 19 (6.8) 8.4-23.8 mg/d! (3-8.5 mmol/liter)
Creatining 1,13 (100) 1.58 (140} 0.68-1.38 mg/dl (60~120 pmolfiter)
Corrected calcium 7.32 {1.83) 4,2 (1.05) 8.4-10.4 mg/di (2.1--2.6 mmol/liter)
lonized ealcium 3.84 (0.96) 2.88 (0.72) 4,6-5.2 mg/dt (1.15-1.3 mmol/liter)
Phosphate 4,74 (1,53 3.13(1.01) 2.17-4.33 mg/d} (0.7-1.4 mmol/liter)
Magnesium 2.58 (1.06) 1.41 (0.58) 1.7-2.56 mg/dl (0.7-1.05 mmol/liter)
Parathyroid hormone 13.8 63 1-7 ng/mi
25-hydroxyvitamin D <6 (<15) <6 (<15} >24 ng/ml (>60 mmolfiter)
1,25-hydroxyvitamin D 39.6 (103) 25.4 (66) 13.8-46.2 pg/mi (36-120 pmol/iter)

“Systéme Internationale (SI} units indicated in parentheses.

osteoporosis. However, the contribution of vitumin D
deficiency to the development of severe hypocalcemia
in transplant recipients is underappreciated, and there-
fore underdiagnosed and undertreated, leading to pro-
gressive hypocalcemia at life-threatening levels before a
diagnosis is made. Both patients in our series were
severely vitamin I3 deficient, The combination of sun
avoidance to prevent skin malignancies, and reduced
physical activity with reduction in time spent outdoors
due to underlying chronic diseases, contribute (0 severe
vitamin D deficiency. Patients with cystic fibrosis (Case 2)
are particularly at risk due 10 poor absorption of dietary
vitamin D secondary to underlying pancreatic insuffi-
ciency, and standard vitamin I replacement doses are
frequently inadequate.”
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ftypocalcemia secondary to vitamin D deficiency in
the general population is uncommon due to the multi-
ple compensatory mechanisms available to restore cal-
cium balance. Such mechanisms are, however, fre-
quently impaired in transplant recipients, increasing
their risk of severe hypocalcemia from vitamin D defi-
ciency.

Vitamin D deficiency reduces gastrointestinal cal-
cium absorption. Such negative calcium balance usually
leads to compensatory secondary hyperparathyroidism,
as evident in both cascs, which helps o restore normo-
calcemia by increasing bone resorption directly, and
indirectly via increasing formation of 1,25-dihydroxyvi-
tamin D (1,25-(OH),D) to increase intestinal calcium
absorption, However, the 1,25-(OH),D concentrations
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Figure 1. Normalization of serum corrected calcium concentration with vitamin D metabolites and caicium supplements. Shaded area indicates

correlation of achievement of normocalcemia with vitamin D sufficiency

(=16 ng/mi).
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were "normal” in both patients. These apparently nor-
mal [evels were inappropriate for the degree of hypocal-
cemia, as they should be markedly clevated to compen-
sate for hypocalcemia. This significd severe substrate
(25-OH vitamin D) deficiency in our patients (undetect-
able in both cases). leading to failure to achieve an
appropriately high 1,25(OH),D concentration, even
under maximal stimulation by very high circulating
parathyroid hormone (PIH) levels.

Several medications commonly used among trans-
plant recipients may cause hypomagnesemia (Case 2),
including proton-pump inhibitor® and tacrotimus,” lead-
ing to PTI resistance, which counteracts the effective-
ness of such compensatory mechanisms. PTH secretion
is also reduced when hypomagnesemia becomes more
severe. In addition, magnesium depletion can occur on
4 tissue level. Hypocalcemia has been reported to
respond to magnesium supplement in patients with
normomagnesemic magnesium  depletion.’’ Magne-
sium level should therefore be checked in all hypocal-
cemic patients, and magnesium supplementation may
be considered in resistant cases even if serum magne-
‘stum concentration is normal.

Treatment of hypocalcemia should focus on the
underlying pathophysiology. Although calcium supple-
mentation is important, and hypomagnesemia should
be corrected to enhance PTH action, the importance of
vitamin D repletion with high-dose cholecaicifero! is
frequently neglected. In severe vitamin D deficiency,
high-dose choleculciferol (e.g., 10,000 U/day) is re-
quired to both adequately replace and rapidly restore
vitamin D stores, as evidenced by serum 25-hydroxyvi-
tamin D (25-OHD) concentrations. Standard ceplace-
ment with 1,000 U/day is inadequate. Figure 1 clearly
demonstrates achievement of normocalcemia correlat-
ing with vitamin D repletion. From our 2 cases, it
appeurs that a serum 25-OHD concentration of between
40 and 50 nmol/liter (16 to 20 ng/ml) is required before
serum calcium concentration rises adequately,

Calcitriol has been shown to be effective in prevent
ing bonce loss after transplantation by increasing intes-
tinal calcium absorption and reducing secondary hyper-
parathyroidism.”? However, it may not be as effective
in the treatment of hypocalcemia secondary to severe
vitamin D deficiency, as illustrated by our 2 cases.
Although calcitriol is the most active form of vitamin D
metabolite, treatment with calcitriol should be reserved
for patients with renal insutficiency and insufficient 1-o
hydroxylation, Calcitriol may be used in the initial
phase to increase seram calcium concentration more
rapidly, but could be safely tapered once hypocalcemiu
has improved, as iflustrated in our series. Vitamin D
repletion with cheleculciferol allows physiologic con-
version to 1,25-(0H),D, and effective and safe restora-
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tion of calcium homeostasis. latrogenic dosing with
calcitriol is imprecise, where low doses can be ineffec-
tive and high doses may increase the risk of hypercal-
cemia and hypercalciuria.

By reducing gastric acidity, proton-pump inhibitors
reduce absorption of calcium carbonate, rendering
calcium supplement in the form of calctum carbonate
less effective, Calcium citrate is the preferred supple-
ment as its absorption is pH independent and its
bxottvmlablhtv at least 20% higher than that of calcium
carbonate.”

In conclusion, transplant recipients are at risk of
severe hypocalcemia because of unrecognized vitamin
D deficiency as well as the side-effects of several
medications commonly used in the transplant setting.
Monitoring of vitamin D status should be routine prac-
tice during follow-up reviews at transplant clinics to
ensure sufficiency (aiming at a goal of at least 40
nmol/liter [= 16 ng/ml] to prevent bypocalcemia). Vita-
min D sufficiency should be emphasized in transplant
recipients not only for bone protection, but also for the
prevention of life-threatening hypocalcemia.

The authors thank Professor John Eisman for helpful advice.
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