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Background. Around 13% of patients undergoing parathyroidec-
tomy for primary hyperparathyroidism (PHPT) postoperatively
develop a condition known as the hungry bone syndrome (HBS).
Although the condition is quite prevalent, the research in this field
is very limited. The aim of our study was to determine possible risk
factors of developing HBS after parathyroidectomy for PHPT.

Materials and methods. In this study we enrolled patients who
underwent parathyroidectomy for PHPT from January 2005 to
December 2016 and performed a retrospective analysis. We used
the definition of HBS as hypocalcaemia with normal or elevated
PTH values. Patients were divided into two groups by the postop-
erative HBS prevalence: patients with postoperative HBS and those
without postoperative HBS.

Results. In all, 94 patients were included into the final analy-
sis. We found that patients who developed HBS more often un-
derwent parathyroidectomies simultaneously with a thyroid sur-
gery, underwent longer operations (73.9 + 41.7 vs. 102.4 £ 44.8
minutes; p = 0.001), and had heavier parathyroid glands removed
(0.6 (0.3-8.0) vs. 0.8 (0.15-14.0) g; p = 0.041). Also, these patients
had higher preoperative PTH values (15.3 (6.1-63.7) vs. 22.4 (9.2-
47.8) pmol/l; p = 0.003). From the ROC curve of the preoperative
PTH values and the development of the hungry bone syndrome
(AUC =0.721 (95% CI 0.59-0.85); p = 0.003) we found a 45 pmol/l
PTH cut-off value that shows a 90% tendency to develop postop-
erative HBS.

Conclusions. Patients undergoing longer parathyroidectomies
and those with heavier removed parathyroid glands tend to devel-
op HBS. A preoperative PTH value higher than 45 pmol/l deter-
mines an over 90% risk of developing HBS.
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INTRODUCTION

Primary hyperparathyroidism (PHPT) is a condi-
tion when one or more of the parathyroid glands
are over-active. Most of the time clinical symp-
toms are scarce; however, it can result in renal
stone formation, bone demineralization, fatigue,
and other conditions (1, 2). Laboratory tests show
elevated values of parathyroid hormone (PTH)
and calcium. Several surgical approaches ranging
from traditional parathyroidectomy to video-as-
sisted parathyroidectomy can be used to remove
over-active glands. According to several large case
series, around 13% of patients undergoing parathy-
roidectomy for PHPT develop a condition known
as the hungry bone syndrome postoperatively (3-
5). Hungry bone syndrome (HBS) is described as
a prolonged hypocalcaemia after parathyroidecto-
my for hyperparathyroidism, followed by normal
or elevated PTH levels. Pathogenesis of hypocal-
caemia is explained by disturbed equilibrium be-
tween bone formation and resorption as a result
of diminished PTH after removal of an over-active
parathyroid gland (6-8). Although the condition is
quite prevalent, research in this field is very limit-
ed: only few studies, all dating back to the 1980s,
searched for the risk factors of this condition (3, 4,
9). The aim of our study was to determine possible
risk factors for developing HBS after parathyroid-
ectomy for primary hyperparathyroidism.

MATERIALS AND METHODS

Study population and outcomes

In this study we enrolled patients who underwent
parathyroidectomy for PHPT at Vilnius Universi-
ty Hospital Santaros Klinikos during the 11-year
period from January 2005 to December 2016
and performed a retrospective analysis. The final
study cohort consisted of patients followed-up at
the same hospital for at least 30 days and without
any other PTH or calcium concentration anoma-
lies other than those that define HBS (hypocalcae-
mia with normal or elevated PTH values). Basic
demographic information such as sex and age was
obtained. Preoperative symptoms and relevant
conditions such as fatigue, osteoporosis, kidney
stones, heart rate abnormalities, and neurasthen-
ic symptoms were accounted for. Moreover, pre-
operative PTH and ionized calcium (iCa) values

were collected. Furthermore, perioperative and
postoperative data were gathered. Perioperative
data included the length of surgery, type of oper-
ation, number of the parathyroid glands removed,
and the change in the PTH value during the op-
eration. Information about the removed parathy-
roid gland such as weight, volume, and final his-
tology was carefully examined. The gland volume
was calculated using the formula for an ellipsoid
(V = 4/3 x mabc). If several parathyroid glands
were operated on, only the heaviest gland was in-
cluded into the analysis. Postoperative metabolic
response was evaluated by testing PTH and iCa
values. Laboratory values from 1.2 to 7.3 pmol/l
for PTH and from 1.05 to 1.30 mmol/l for iCa
were considered normal.

Statistical analysis

Patients were divided into two groups by the post-
operative prevalence of HBS: patients with post-
operative HBS and without postoperative HBS.
Previously mentioned factors were analyzed be-
tween groups. The Mann-Whitney U test was
used for continuous variables and the Fisher test
for dichotomous variables. A ROC analysis was
performed in order to determine the PTH cut-
off value for 90% risk of developing HBS. Factors
were statistically significant when the p value was
less than 0.05. Statistical analysis was performed
using IBM SPSS° version 21.

Results

Of the 318 patients who underwent parathyroid-
ectomy during our investigated time period, only
94 patients (29.6%) were included into the final
analysis (Fig. 1). We did not have pre- or postop-
erative PTH or iCA data on almost half of the 318
patients. Of the 182 patients who had the neces-
sary laboratory results, six (3.3%) had PHPT re-
currence.

Table 1 contains the demographic and clinical
data about the whole study cohort. In this table we
also report the final histological results of the re-
moved parathyroid gland. Twenty-seven patients
(28.7%) had postoperative HBS and the overall
HBS frequency between patients with available
PTH and iCa values was 14.8%.

In Table 2 we report possible postoperative
HBS risk factors. Here we can see that youn-
ger patients tended to develop HBS more often
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318 patients underwent parathyroidectomy

between January 2005 and December 2016

® PTH data unavailable for 127 patients (39.9%)
e {Ca data unavailable for 9 patients (2.8%)

Postoperative PTH and iCa concentration
available for 182 patients (57.2%)

A

Study group of 94 patients (29.6%)

*5 patients out of 182 (2.7%) with postoperative low PTH
but normal iCa

e 1 patient out of 182 (0.5%) with postoperative low PTH
and low iCa

* 6 patients out of 182 (3.3%) with postoperative high PTH
and high iCa

* 76 patients out of 182 (41.8%) with postoperative high PTH
but normal iCa

Fig. 1. Flow chart of the study population

Table 1. Demographic and clinical data

Study cohort (N = 94)

Patients’ age at the time of the operation (years) [mean + SD] 61.5+12.2
Sex [1n (%)]

Male 14 (14.9)
Female 80 (85.1)

Operating time (min) [mean + SD] 71.9 £ 40.4
Hospital stay (days) [mean + SD] 36+1.4

Parathyroid weight (g) [median (range)] 1(0.15-33)

Parathyroid volume (cm?) [median (range)] 4.5 (0.3-266.5)
Preoperative iCa value (mmol/l) [median (range)] 1.4 (1.2-1.8)

Preoperative PTH value (pmol/l) [median (range)]

18 (6.1-231.7)

Postoperative hungry bone syndrome [# (%)]

Yes 27 (28.7)
No 67 (71.3)
Histology results
Normal histology [# (%)] 4(4.3)
Hyperplasia [# (%)] 25 (26.6)
Adenoma [n (%)] 62 (66.0)
Carcinoma [# (%)] 3(3.1)
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Table 2. Risk factors of the hungry bone syndrome

. Patients without hungry | Patients with hungry p
Variables
bone syndrome (n = 67) | bone syndrome (n =27) | value
Sex [1n (%)] 0.105
Male 7 (10.4) 7 (25.9)
Female 60 (89.6) 20 (74.1)
Age at the time of the operation (years)
[mean + SD] 61.0x11.5 529+17.8 0.045
Preoperative symptoms and conditions
[n (%)]
No symptoms 21 (31.3) 9(33.3) 0.851
Fatigue 16 (23.9) 9(33.3) 0.348
Osteoporosis 21 (31.3) 4(14.8) 0.101
Kidney stones 12 (17.9) 3(11.1) 0.542
Heart rate abnormalities 9(13.4) 4(14.8) 1.000
Neurasthenic symptoms 9(13.4) 4(14.8) 1.000
Type of operation [n (%)] 0.040
Traditional parathyroidectomy 22(32.8) 6(22.2)
Focused parathyroidectomy 34 (50.7) 8(29.6)
Video-assisted parathyroidectomy 1(1.5) 1(3.7)
Subtotal parathyroidectomy 2 (3.0) 1(3.7)
Parathyroidectomy + lobisthmectomy 3 (4.5) 6(22.2)
Parathyroidectomy + total thyroidectomy 5(7.5) 5(18.5)
Number of removed parathyroid glands
(11 (%)] 0.670
1 59 (88.0) 24 (88.9)
2 3 (4.5) 2(7.4)
3 3 (4.5) 0
3.5 2 (3.0) 1(3.7)
Operating time (min) [mean + SD] 73.9 £41.7 102.4 + 44.8 0.001
Hospital stay (days) [mean + SD] 37+1.6 43+15 0.039
Parathyroid weight (g) [median (range)] 0.6 (0.3-8.0) 0.8 (0.15-14.0) 0.041
Parathyroid volume (cm’) [median (range)] 4.4(1.3-113.1) 9.5(0.3-25.9) 0.722
Preoperative .iCa value (mmol/l) 14(12-18) 14 (13-16) 0.672
[median (range)]
Preoperative PTH value (pmol/l 15.3 (6.1-63.7) 22.4 (9.2-47.8) 0.003
[median (range)]
Change of intraoperative PTH values (%) 812 4194 88.1 4 8.8 0.906

[mean + SD]

(61.0 £ 11.5 vs. 52.9 + 17.8 years; p = 0.045). None
of the postoperative symptoms had a statistically
significant difference between both groups, how-
ever, we observed a tendency that patients without
HBS had osteoporosis preoperatively more often.

Furthermore, the type of operation was significant-
ly different between the two groups. Patients who
underwent parathyroidectomies simultaneously
with a thyroid surgery (parathyroidectomy + lo-
bisthmectomy, or parathyroidectomy + total
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thyroidectomy) developed HBS more often. By
analyzing other continuous variables, we discov-
ered that patients with HBS underwent longer
operations (73.9 = 41.7 vs. 102.4 + 44.8 minutes;
p = 0.001). In addition, the removed parathyroid
glands of patients with HBS were heavier (0.6 (0.3-
8.0) vs. 0.8 (0.15-14.0) g; p = 0.041) and these pa-
tients had statistically significant higher preopera-
tive PTH values (15.3 (6.1-63.7) vs. 22.4 (9.2-47.8)
pmol/l; p = 0.003).

Figure 2 presents the ROC curve of the preop-
erative PTH values and development of the hungry
bone syndrome (AUC = 0.721 (95% CI 0.59-0.85);
p = 0.003). From the statistical data that came
with this curve, we determined that patients with
a 45 pmol/l PTH cut-oft value have a 90% tendency
to develop postoperative HBS.
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Fig. 2. The ROC curve of the preoperative PTH values
and development of the hungry bone syndrome

DISCUSSION

Postoperative HBS is one of the most com-
mon conditions following parathyroidectomy
for PHPT. The prevalence of HBS in our study
(14.8%) was very similar to the 13% reported in
older high-volume studies (3-5). This contradicts
the findings in the literature review by Witte-
veen et al., which claims that the prevalence has
decreased during the last two decades (9). In our
study, we found a correlation between younger

age and HBS (61.0 £ 11.5 vs. 52.9 + 17.8 years;
p = 0.045), this only finding contradicts the results
presented by Brasier et al. (4). Their study found
that patients of older age had a greater risk in de-
veloping postoperative HBS. We did not find any
literature nor could suggest a theory that would
explain why younger patients developed HBS
more often. Furthermore, the operating time had
been significantly longer for patients who later de-
veloped HBS. This finding has not been described
in any other article yet. In our opinion, it could be
partially explained by the fact that patients with
postoperative HBS underwent parathyroidecto-
mies simultaneously with a thyroid surgery more
often and these types of surgeries tend to be longer
by their nature. During these simultaneous opera-
tions, the risk of traumatisation of other parathy-
roid gland is greater; it can lead to a partially de-
creased functional activity and the development
of postoperative hypocalcaemia. In our study, we
determined a statistically significant relation be-
tween heavier removed parathyroid glands and
HBS, and these results coincided with the find-
ings by Zamboni et al. (3) and Brasier et al. (4).
Our most significant and clinically relevant find-
ing is the difference of preoperative PTH between
groups. This is important because a preoperative
PTH value can help us predict the HBS develop-
ment. We plotted a ROC curve and determined
from the additional data that 90% of patients with
a preoperative value of 45 pmol/l or more devel-
oped HBS during the postoperative period. Our
study lacks data about other laboratory markers
that represent bone metabolism, such as alkaline
phosphatase and vitamin D. Several studies report
that depleted vitamin D could be a risk factor for
the HBS development (4, 10), other studies show
that patients who later develop HBS have greater
alkaline phosphatase levels (4, 11).

Currently there is no evidence for possible pre-
operative prevention options, although we could
determine patients with a high risk of develop-
ing HBS preoperatively. As mentioned above,
a preoperative deficiency of vitamin D has been
established as a risk factor for HBS, however,
the use of vitamin D supplements prior to surgery
is still a topic of debate. Some guidelines advise
the use of vitamin D supplements before the op-
eration (12-14). Recently, several studies ana-
lysed the impact of vitamin D correction prior to
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parathyroidectomy, found that it had an insignit-
icant impact on the outcomes, and suggested that
correction of vitamin D deficiency should not de-
lay the operation (15, 16). Moreover, theoretically
the use of bisphosphonates could reduce the rate of
HBS, because they inhibit osteoclasts and reduce
bone demineralization. Several studies managed to
use bisphosphonates preoperatively with success (1,
17, 18), but a lack of high quality randomized, con-
trolled studies that would also support the use of
bisphosphonates preoperatively remains the main
drawback. The use of a calcimimetic agent cina-
calcet has also been proposed. Although it is very
efficient in treating patients with PHPT who can-
not undergo a parathyroidectomy, no studies have
been conducted with PHPT patients and the pre-
operative use of cinacalcet (19, 20). Wirowski et al.
reports a study with patients who had secondary
hyperparathyroidism and used cinacalcet preop-
eratively; he states that the patients’ perioperative
course did not alter and the impact on postopera-
tive hypocalcemia remains unclear (21).

CONCLUSIONS

Our study found that patients undergoing longer
parathyroidectomies and patients with heavier
removed parathyroid glands (>0.8 g) tend to de-
velop HBS after the operation. Furthermore, we
found that high preoperative PTH values indicate
a greater chance to develop HBS postoperative-
ly, and a value greater than 45 pmol/l determines
a risk of over 90% of developing HBS. The use of
preoperative HBS prevention needs further inves-
tigation.
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ALKANU KAULU SINDROMO

RIZIKOS VEIKSNIAI PO PRIESKYDINIU
LIAUKU OPERACIJU DEL PIRMINIO
HIPERPARATIROIDIZMO

Santrauka

Ivadas. Apie 13 % pacienty po prieskydiniy liauky ope-
racijy dél pirminio hiperparatiroidizmo vystosi vadina-
masis alkany kauly sindromas (AKS). Nors tai pakanka-
mai daznai pasitaikanti buklé, taciau tyrimy $ioje srityje
atlikta nedaug. Musy tyrimo tikslas buvo jvertinti rizikos
veiksnius, lemiancius AKS iSsivystyma po prieskydiniy
liauky operacijy dél pirminio hiperparatiroidizmo.

Tyrimo metodai. | tyrimg jtraukéme pacientus, ku-
riems nuo 2005 m. sausio iki 2016 m. gruodzio mén.
buvo atliktos prieskydiniy liauky operacijos dél pirminio
hiperparatiroidizmo, ir atlikome retrospektyvine anali-
ze. AKS apibrézéme kaip hipokalcemijg esant normaliai
arba padidéjusiai parathormono koncentracijai. Pacientai
buvo suskirstyti j dvi grupes: (1) po operacijos pasireiské
AKS; (2) AKS nebuvo stebétas.

Rezultatai. Galutiniame tyrime dalyvavo 94 pacientai.
Nustatéme, kad pacientams, kuriems po operacijos vysté-
si AKS, dazniau buvo atliktos simultaninés prieskydiniy
liauky ir skydliaukés operacijos, taip pat jy operacijos tru-
ko ilgiau (73,9 + 41,7 vs. 102,4 + 44,8 minutés; p = 0,001),
pasalintos prieskydinés liaukos buvo sunkesnés (0,6 (0,3-
8,0) vs. 0,8 (0,15-14,0) g; p = 0,041), be to, jie turéjo di-
desne parathormono koncentracija kraujyje (15,3 (6,1-
63,7) vs. 22,4 (9,2-47,8) pmol/l; p = 0,003). Atlike ROC
analize tarp prieSoperacinés PTH koncentracijos ir AKS
vystymosi (AUC = 0,721 (95 % CI 0,59-0,85); p = 0,003),
nustatéme ribine 45 pmol/l reik§me. Esant $iai reik$mei,
90 % pacienty vystosi pooperacinis AKS.

I$vados. Atliekant ilgesnes prieskydiniy liauky opera-
cijas, taip pat esant sunkesnés buklés patologinei priesky-
dinei liaukai, pacientams kyla didesné pooperacinio AKS
rizika. Esant 45 pmol/l prieSoperacinio parathormono
koncentracijai, net 90 % pacienty gresia pooperacinis
AKS.

Raktazodziai: alkany kauly sindromas, pirminis
hiperparatiroidizmas, prieskydiniy liauky operacija,
prieskydiniy liauky adenoma



