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Background: Postoperative parathyroidectomy hypocalcemia probably results from acute reversal of the parathyroid
hormone induced contribution of bone to maintain serum calcium concentration.

Objective: Compare the effective treatment of calcitriol regimens (loaded and titrated) in control hypocalcemic hyperparathyroid
(HPT) patients who were referred for parathyroidectomy.

Material and Method: A randomized control, open labeled study of 25 patients who underwent parathyroidectomy in
Rajavithi Hospital from August 2009 to September 2010 was conducted. The authors randomized 25 patients with chronic
kidney disease in two treatment arms of calcitriol (A: Titrated dose regimen, B: Loaded dose regimen), that met criteria.
Biochemical factors available within 2 weeks before and after surgery were recorded and analyzed.

Result: No significant difference was observed in amount of calcium gluconate intravenous use, hypocalcemia and hospital
admission durations between titrated and loaded regimen groups, i.e., p = 0.160, 0.645 and 0.460, respectively. Loaded
regimen ameliorated the mean reduction of day 7 postoperative mean change of serum calcium level by 0.33+0.99 mg/dl and
median change by 2.88 mg/dl (min, max = -0.80, 5.64) compared with titrate regimen mean change of serum calcium level by
2.68+2.16 mg/dl; median change 0.28 mg/dl (min, max = -0.84, 1.80) with significance, p = 0.036.

Conclusion: Loaded calcitriol regimen was superior to titrated calcitriol regimen compared with the control group the first
7 days postparathyroidectomy. Amount of calcium gluconate intravenous used, hypocalcemia and duration of hospital stay
did not show any significance.
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Postoperative hypocalcemia in patients with
renal hyperparathyroidism is a common problem after
parathyroidectomy. Transient hypocalcemia was
observed in 83% of the patients®. On the contrary,
the presence of postoperative hypocalcemia is not a
guarantee of surgical cure®. With renal hyperpara-
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thyroidism, Jofre et al® observed that 20% of their
patients had hungry bone syndrome necessitating
longer hospitalization, defined as calcium levels below
8.0 mg/dl for more than eight days. In addition to
biochemical values, the presence or absence of
hypocalcemic symptoms has also been taken into
consideration in many studies. Comparisons are further
complicated by the fact that a low serum calcium level
does not always predict the development of symptoms
or signs of hypocalcemia.

Oral calcium and active vitamin D supplements
may be sufficient in some patients. On the other hand,
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intravenous calcium administration is often necessary
if severe or symptomatic hypocalcemia develops. “Need
for intravenous calcium’” has been used as an indicator
of the magnitude of hypocalcemia. Vitamin D usually
takes two days to increase intestinal uptake of calcium.
Preoperative vitamin D treatment is recommended, even
in patients who have hypercalcemia. As afore-
mentioned, intravenous calcium administration remains
the most straightforward treatment to restore serum
calcium levels rapidly. Cozzolino et al® proposed an
algorithm to start calcium infusion when a steep fall in
calcium levels is noted. However, it might be better to
prevent hypocalcemia altogether.

Hungry bone syndrome, first described in 1948
by Albright and Reifenstein as cited in a previous
study®, is characterized by severe prolonged
hypocalcemia after parathyroidectomy. The abrupt
withdrawal of parathyroid hormone (PTH) results in a
transient marked increase in bone remineralization and
a rapid shift of calcium from the circulation to bone
tissue®”. After parathyroidectomy performed in
dialysis patients with severe secondary hyperpara-
thyroidism, acute functional changes are observable
in bone cells. Several regimens are available to reduce
hypocalcemic symptoms. Vitamin D therapy is often
used, but it does not influence bone cell activity;
instead, it improves hypocalcemia mainly through the
known effect on intestinal calcium absorption®. In
addition, combined oral and intravenous vitamin D and
calcium supplements in the form of calcitriol (1,25-
dihydroxycholecalciferol, (1, 25-(OH),D,), active form
of vitamin D) and calcium gluconate, respectively, have
been shown to ameliorate hypocalcemia®.

The aim of the present study was to compare
the effective regimens of calcitriol administration to
control hypocalcemia in chronic kidney disease
patients undergoing successful parathyroidectomy
from hyperparathyroidism.

Material and Method
Study design

From August 2009 to September 2010, 28
referred patients underwent parathyroidectomy for
symptomatic hyperparathyroidism at our institute.
Among them, three (10.7%) patients were excluded from
the study because of primary hyperparathyroidism and
no patient had persistent disease after surgery
(postoperative intact parathyroid hormone (PTH) >300
pg/dl). The remaining 25 patients having chronic
kidney disease stage 5, who underwent successful
parathyroidectomy (PTX). This was a pilot study, sample
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were simple randomization.

Before surgery, serum levels of calcium,
phosphorus, alkaline phosphatase (ALP), blood urea
nitrogen (BUN) and creatinine were measured routinely
using standard auto-analytical techniques. Intact PTH
(1-84) was measured by the two-site immunoradiometric
assay (ELSA-PTH; CIS Bio International, Gif-sur-
Yvette, France) with a normal range from 10 to 65 pg/ml.
All patients underwent dialysis the day before
operation. Preoperative imaging of the parathyroid
glands was not routinely used. Bilateral cervical
exploration was performed in all patients to identify
four parathyroid glands. Our goal was to control
intact PTH to the target range of 150 to 300 pg/ml, as
recommended by K/DOQI guidelines®?,

After surgery, immediate supplementation with
oral calcium carbonate and oral vitamin D was initiated.
Regimens of calcitriol treatment were defined in two
regimens: subjects were assigned regimen A when
admission number was odd and regimen B when
admission number was even.

Group A: The titrated dose regimen group was
defined by supplemented calcitriol titrated against
serum calcium level (starting at 1 mcg/d, alfacidol (250
mcg) 2x2 daily) with constant dose of oral calcium
carbonate (1 gm calcium carbonate 3x3 daily) but the
amount of intravenous calcium gluconate was titrated
against serum calcium when indicated (Table 1).

Group B: The loaded dose regimen group was
defined by supplemented calcitriol loaded against
serum calcium level (starting dose at 4 mcg/d, alfacidol
(250 mcg) 4x4 daily) with constant dose of oral calcium
carbonate tablet (1 gm calcium carbonate 3x3 daily) but
the amount of intravenous calcium gluconate was
titrated against serum calcium when indicated as shown
in Table 1.

Analysis was performed with the SPSS version
17.0 (SPSS, Chicago, IL, USA). Data were presented as
mean + standard deviation (SD) or median (range) for
continuous variables and number (%) for categorical
variables. Differences in the frequencies of events
between groups were analyzed using Chi-square test
or Fisher’s exact test. Student t-test or Mann-Whitney
test were used to compare continuous variables
between groups. A p-value less than 0.05 was
considered significant. This study was approved by
the ethics committee of Rajavithi Hospital.

Results

As shown in Fig. 1, 28 referred patients
underwent parathyroidectomy for symptomatic
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Table 1. Strategies to control hypocalcemia in postoperative parathyroidectomy

A: vitamin dose (titrating regimen) Strategies

Step 1 vitamin 1-o 2x2
<7 mg/dI*
Step 2 vitamin 1-o. 3x2
<7 mg/dI*
Step 3 vitamin 1-o 4x2

Increase dose to next step if corrected calcium <7.5 mg/dl, if corrected calcium
Increase dose to next step if corrected calcium <7.5 mg/dl, if corrected calcium

Increase dose to next step if corrected calcium <7.5 mg/dl, if corrected calcium

<7 mg/dI*

Step 4 vitamin 1-o 4x3 Increase dose to next step if corrected calcium <7.5 mg/dl, if corrected calcium
<7 mg/dI*

Step 5 vitamin 1-o. 4x4 Increase dose to next step if corrected calcium <7.5 mg/dl, if corrected calcium
<7 mg/dl *

B:Vitamin dose (Loading regimen) Strategies

Step 1 vitamin 1-o 4x4 (2 days)
Step 2 vitamin 1-o 4x3 (2 days)
Step 3 vitamin 1-o 4x2 (2 days)
Step 4 vitamin 1-o. 3x2 (2 days)
Step 5 vitamin 1-o. 2x2 (2 days)

Continue dose if corrected calcium <7.5 mg/dl, if corrected calcium <7 mg/dI*
Continue dose if corrected calcium <7.5 mg/dl, if corrected calcium <7 mg/dI*
Continue dose if corrected calcium <7.5 mg/dl, if corrected calcium <7 mg/dI*
Continue dose if corrected calcium <7.5 mg/dl, if corrected calcium <7 mg/dI*
Continue dose if corrected calcium <7.5 mg/dl, if corrected calcium <7 mg/dI*

* Intravenous calcium treatment (calcium gluconate) was administered when the patient’s serum level of corrected total
calcium fell below 7.0 mg/dl or when the patient experienced severe hypocalcemic symptoms such as numbness, paresthesia,

positive Chvostek’s sign, carpopedal spasms or tetany.

Sucessful
parathyroidectomy

(N=25)

—B

A:Titrated alfacidol
regimen (N=13)

B:Loaded alfacidol
regimen (N=12)

Fig. 1 Trial profile.

hyperparathyroidism at our institute and three patients
with primary hyperparathyroidism were excluded. The
25 patients with chronic kidney disease stage 5, who
underwent successful PTX, were reviewed in detail.
After analyzing data, 13 patients were enrolled in the
titrated regimen and 12 patients were enrolled in the
loaded regimen group.

Basal clinical and biochemical data were
different in titrated and loaded regimen groups such as
age, BUN and creatinine level, i.e.,p=0.043,0.029 and
0.015, respectively but other parameters were not
different between both group as shown in Table 2. The
loaded regimen group had more elderly patients than
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the titrated regimen group by ten years.

Even though the present study revealed no
differences regarding calcium gluconate intravenous
use, p =0.16 (Table 3), we found that loaded calcitriol
regimen could reduce the amount of calcium gluconate,
3.00 ampules (1 ampule; 10 ml). However, titrated
calcitriol regimen totaled 7.58 ampules. The authors
found that loaded calcitriol regimen could control
postoperative calcium level to remain at normal range
better than titrated calcitriol regimen as shown in
Fig. 2. This study has shown that we can reduce
postoperative hypocalcemia from the titrated
regimen treatment group 84.6% to 33.3% by using
loaded calcitriol regimen even without significance.
Usinga loaded regimen shortened the length of stay
(LOS) about 1.25 days after surgery better than a
titrated regimen reducing healthcare costs after
parathyroidectomy in hospital.

Discussion

Hyperparathyroidism has been associated
with renal failure due to chronic parathyroid stimulation
by hypocalcemia, which, in turn, results from hyper-
phosphatemia and low circulating 1, 25 (OH) 2D3. If
prophylactic measures and medical treatment of
hyperparathyroidism fail, parathyroidectomy should be
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Table 2. General characteristic of patients with successful parathyroidectomy

Characteristic Successful parathyroidectomy (n = 25) p-value
A: titrated (n = 13) B: loaded (n = 12)

Age (year) 39.17+12.17 49.42+11.20 0.043*
Sex (female) 6 (46.2%) 8 (66.7%) 0.302
Body weight (kg) 55.15+10.77 55.03+9.22 0.981
Duration of renal replacement (year) 6.42+2.94 8.25+3.84 0.204
Preoperative data

Calcium (mg/dI) 10.98+1.13 11.058+1.07 0.882
Phosphate (mg/dl) 6.73+2.10 5.24+1.44 0.056
Calcium phosphate product (mg#dI?) 74.55+26.19 58.66+18.49 0.102
Intact PTH (pg/dl) 1,353.63+536.81 1,846.93+796.19 0.089
Alkaline phosphatase (IU/L) (min, max) 171.5 (59, 813) 256 (55, 645) 0.929
BUN (mg/dl) 51.42+24.02 33.42+11.49 0.029*
Creatinine (mg/dl) 9.95+3.06 7.01+2.33 0.015*
25 (OH) vitamin D 28.7 (18.7, 32.3) 19.7 (6.1, 39.3) 0.299

Value are presented as mean+SD, median (min, max), number (percent). * Significance at p<0.05 by student t-test

Table 3. Outcome characteristics between calcitriol treatment group after successful parathyroidectomy

Characteristic Successful parathyroidectomy (n = 25) p-value
A: titrated (n = 13) B: loaded (n =12)
Amount of calcitriol (tab) 57.75+75.28 59.17+22.73 0.539
Calcium gluconate treatment (%) 8 (61.5) 4 (33.3) 0.158%
Amount of calcium gluconate (iv) 7.58+8.96 3.00+6.18 0.160
Hypocalcemia (%) 11 (84.6) 4 (33.3) 0.645%
Duration of hospitalization (day) 9.50+4.83 8.25+3.11 0.460
Mean change of calcium level in the first 2.88 (-0.80, 5.64) 0.28 (-0.84, 1.80) 0.036*

7 days postsurgery

Value are presented as mean + SD, median (min, max), number (percent), * significance at p<0.05 by student t-test. ¢ Test by

Chi-square

performed to prevent the progression of bone disease.
Hypocalcemic parathyroidectomy isa common problem
after surgery. Transient hypocalcemia has been
observed in 83% of the patients® similar to our finding
regarding titrate regimen arms (84.6%). However, in the
loaded regimen found transient hypocalcemia at only
33.3%. On the contrary, the presence of postoperative
hypocalcemia is not a guarantee of surgical cure®,
Hospital stay was prolonged among renal
osteodystrophy patients due to hungry bone
syndrome®. In addition to biochemical values, the
presence or absence of hypocalcemic symptoms has
also been considered in many studies. Medical
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treatment should not be prolonged at the expense of
long repeated bouts of hypercalcemia or hyperphos-
phatemia with their irreversible consequences.
Previous studies®1” have used the calcium
nadir level, changes of calcium levels, duration of
hypocalcemia, or dosage of required calcium
supplementation as estimates of the severity of hungry
bone syndrome. Factors that have been found to be
related to postoperative hypocalcemia include age,
preoperative PTH, alkaline phosphatase levels,
subperiosteal bone resorption and the histology of the
bone biopsy®+121®), However, the present study found
no factors related to postoperative hypocalcemia in
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Serum calcium level (mg/dl)
-

Day 1 Day 2

Day 3 Day 4 Day 5§ Day 6 Day 7

Day after Parathyroidectomy

Fig. 2  Postoperative calcium level of parathyroidectomy

from days 1 to 7.

renal hyperparathyroidism cases. This may have
resulted from the cut off point for hypocalcimia below
than 8.0 mg/dl, which was not an ideal parameter to
predict serious emergency conditions in the intensive
care unit.

Our retrospective study (unpublished) found
that calcium-phosphorus products, age, regimen of
treatment and phosphate level were related to need for
intravenous calcium gluconate administration after
parathyroidectomy. Calcium phosphorus product was
the only independent factor to predict need for
intravenous calcium supplement when that level
was over than 53. However, the present study found
no such correlation. This research was the first
randomized design study to control hypocalcemia after
parathyroidectomy among Thai patients with chronic
kidney disease, but was limited by number of the
patients resulting in less significant primary outcomes.

Conclusion

Based on our results starting a loaded
calcitriol dose immediately after surgery in patients is
an effective preventive strategy because this regimen
can reduced the incidence of postoperative hypo-
calcemic parathyroidectomy from 84.6% to 33.3% and
a loaded regimen can ameliorate the mean reduction of
day 7 postoperative serum calcium level better than
the titrating regimen. Further study requires enrolling
more patients to investigate significant benefits from
the loaded regimen. In addition, the research should
employ a multicenter study that can produce guidelines
for postoperative management of parathyroidectomy.

Potential conflicts of interest
None.

S60

References

1

10.

11.

12,

Sitges-Serra A, Caralps-Riera A. Hyperpara-
thyroidism associated with renal disease.
Pathogenesis, natural history, and surgical
treatment. Surg Clin North Am 1987; 67: 359-77.
Kinnaert P, Tielemans C, Dhaene M, Decoster-
Gervy C. Evaluation of surgical treatment of renal
hyperparathyroidism by measuring intact
parathormone blood levels on first postoperative
day. World J Surg 1998; 22: 695-9.

Jofre R, Lopez Gomez JM, Menarguez J, Polo JR,
Guinsburg M, Villaverde T, et al.
Parathyroidectomy: whom and when? Kidney Int
Suppl 2003; (85): S97-100.

Cozzolino M, Gallieni M, Corsi C, Bastagli A,
Brancaccio D. Management of calcium refilling
post-parathyroidectomy in end-stage renal
disease. J Nephrol 2004; 17: 3-8.

Albright F, Reifenstein EC. The parathyroid glands
and metabolic bone disease: selected studies.
Baltimore: Williams & Wilkins; 1948.

Yajima A, Ogawa Y, Takahashi HE, Tominaga Y,
Inou T, Otsubo O. Changes of bone remodeling
immediately after parathyroidectomy for secondary
hyperparathyroidism. Am J Kidney Dis 2003; 42:
729-38.

Cruz DN, Perazella MA. Biochemical aberrations
in a dialysis patient following parathyroidectomy.
Am JKidney Dis 1997; 29: 759-62.

Viaene L, Evenepoel P, Bammens B, Claes K,
Kuypers D, Vanrenterghem Y. Calcium requirements
after parathyroidectomy in patients with refractory
secondary hyperparathyroidism. Nephron Clin
Pract 2008; 110: c80-5.

Mazzaferro S, Chicca S, Pasquali M, Zaraca F,
Ballanti P, Taggi F, et al. Changes in bone turnover
after parathyroidectomy in dialysis patients: role
of calcitriol administration. Nephrol Dial Transplant
2000; 15: 877-82.

National Kidney Foundation. K/DOQI clinical
practice guidelines for bone metabolism and
disease in chronic kidney disease. Am J Kidney
Dis 2003; 42 (4 Suppl 3): S1-201.

Koonsman M, Hughes K, Dickerman R, Brinker K,
Dunn E. Parathyroidectomy in chronic renal failure.
AmJSurg 1994; 168: 631-4.

Clair F, Leenhardt L, Bourdeau A, Zingraff J, Robert
D, Dubost C, et al. Effect of calcitriol in the control
of plasma calcium after parathyroidectomy. A
placebo-controlled, double-blind study in chronic
hemodialysis patients. Nephron 1987; 46: 18-22.

J Med Assoc Thai Vol. 97 Suppl. 11 2014



13. Demeure MJ, McGee DC, Wilkes W, Duh QY, Clark as an accurate indicator of preparathyroidectomy

OH. Results of surgical treatment for hyperpara- bone histology in the uremic patient. Miner
thyroidism associated with renal disease. Am J Surg Electrolyte Metab 1984; 10: 166-72.
1990; 160: 337-40. 17. Chandran PK, Ulahannan TJ, Skiles M.
14. Nakagawa M, Emoto A, Nasu N, Hirata Y, Sato F, Li Biochemical changes following parathyroi-
W, et al. Calcium supplement necessary to correct dectomy. Int J Artif Organs 1993; 16: 700-3.
hypocalcemia after total parathyroidectomy for 18. Brasier AR, Nussbaum SR. Hungry bone
renal osteodystrophy. Int J Urol 2000; 7: 35-40. syndrome: clinical and biochemical predictors of
15. Delmonico FL, Wang CA, Rubin NT, Fang LS, its occurrence after parathyroid surgery. Am J Med
Herrin JT, Cosimi AB. Parathyroid surgery in 1988; 84: 654-60.
patients with renal failure. Ann Surg 1984; 200: 19. Schomig M, Ritz E. Management of disturbed
644-7. calcium metabolism in uraemic patients: 2.
16. Felsenfeld AJ, Gutman RA, Llach F, Harrelson JM, Indications for parathyroidectomy. Nephrol Dial
Wells SA. Postparathyroidectomy hypocalcemia Transplant 2000; 15 Suppl 5: 25-9.

Whgyieyramsinvianzunaideuamainsmanneums Insoganiehmivauvyvnagaiy hmivanaae q

Q’ 14 4 v = 1 T v
nmaluaulylanesess: msanywvyguuasiingunivaulasidamevaya
aang dsiinsumdygn, sagm A35vas, weedssw dsdnsunlygn, vevy Alsawaen, gau Insqnive, witen eaus

! ’ ’ Ld ! ’ L4 LA 14
Qinds: anzupaiFeummendantsiianeums nseendunamanmayaeuutases dumavesms insoengesluunmlnnszgn

1Y 1
1171151ﬂ'ﬂ:’ﬁﬁﬂ\?ﬂﬂﬂﬂ?U@ﬂﬂﬂ@ﬂﬂlﬂﬂlﬂﬁl‘fﬁﬂﬂwi’iﬂﬂ:?m?W?ﬁrﬂ
(% i d’ ) o Y A 4 Y g 'a’ Y ' a’ < c’ v
Jﬂiwlljﬁ'ﬂdﬂ: lWﬂll/?fli/lWf]llmiif)y?mﬂ‘l?ﬁmﬂﬂ (?wm/mgdmummﬂmmzﬂaﬂ7 IWNYIAE) ?ﬂﬂ?iﬂ?ﬂf]ﬂﬂ??é’llﬂﬂl‘D’ﬂﬂﬁmm?’fﬂd

4

ATSAIARAGNWITT INS0EN
[ ad < ! v d’ ! o ! ra d’ ! o d’ ad ! A a
Jaquazasms: msfywvygy, wyuidalunthenunmdanaumstnsosasiuay 25 11y inmdanlsanenyiasyiayn eudimay
T v 1 T v T U T

WA 2552 @0 woudueney w.a. 2553 lnemmsguyholy 2 nguntsinyt ngu A Tnbaduduvvaes 9 vivn, ngu B

4 a 4 v agl/ =) 4 ’4‘/ ! o I3 v = ! o/ < ! L) ! o
labmdtuannagalaenthelanena 25 s1e vewsslumsmiauaziivveyandinmluya 2 diam neuwaznasmmsnia

4 L4
UaNNAUATIINAAA

4 1 1 4 1 1
aansAny: Swouvaantslsuaaideumavaonidand uanmaruluil 2 ngu swdanncunaidon uasszeznameuilsmemia
T 14 v I 1

lnom p = 0.160, 0.645 uaz 0.460 awaray msbaniuavnagammvaumaaeunasszavuaaigeumendimsmndnly 7 i

o 'uyd"d” a’ ad'dwaax aa ! d’ o d 'd'y a 4
ndsmandnlaananguines 9 viubmiudeensiiodiAgadd TnennarmeansiaeuuasvesssavuaaiFexnguilnhmiuavinags
januady (mean) 7 0.33+0.99 un./Adans uasAwiseyI (median) 1 0.28 un.A¥ans Aunguinee ) wiylaiuaianagy (mean)
71 2.69+2.12 un/in¥ans uasamisegmu (median) 1 2.88 un./agans, p = 0.036)

i a 4 o L) o o ! o yd ’4 ya/ v ) A 0 L o’

agtl: mslybmianyvnnagaannsamyaussavuaaigeuly 7 3 ndsndalaannauweanmslyunaideuTunaeniaend, upaidoud

uazensmsueululsangrias: buanardunnana

J Med Assoc Thai Vol. 97 Suppl. 11 2014 S61



