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ORIGINAL ARTICLE

Impact of preserving the parathyroid glands on
hypocalcemia after total thyroidectomy with neck
dissection

Yon Seon Kim

Department of Surgery, Ulsan University Hospital, University of Ulsan College of Medicine, Ulsan, Korea

Purpose: The aims of this study were to determine the incidence and evaluate the risk factors for hypocalcemia after total thy-
roidectomy and to investigate how many parathyroid glands should be preserved to prevent postoperative hypocalcemia.
Methods: From March 2007 to February 2011, a retrospective review of 866 patients who underwent total thyroidectomy and
node dissection for thyroid cancer was performed. The incidence and predisposing factors for hypocalcemia were analyzed.
Among them, a total of 191 cases had four of their parathyroid glands identified intraoperatively. These patients were then
divided into one preserved parathyroid gland group (group I, n =22) and two or more preserved parathyroid glands group
(group II, n = 169). The incidence of hypocalcemia with regards to the number of preserved parathyroid glands was de-
termined and the results between the two groups were compared. The total calcium, ionized calcium and parathyroid hor-
mone levels were compared between the two groups. Results: The overall incidence of transient and permanent hypo-
calcemia was 9.2% and 0.5%, respectively. The decreased number of preserved parathyroid gland and increased number of
removed central lymph node were the significant risk factors for developing postoperative hypocalcemia. In 191 cases identi-
fied with four parathyroid glands, the incidence of hypocalcemia was related to the number of preserved glands (group I,
22.7%; group 1II, 3.0%; P < 0.001). Conclusion: The insufficient number of preserved parathyroid glands is the only cause of
hypocalcemia after total thyroidectomy and node dissection. At least one preserved parathyroid gland may prevent post-
operative permanent hypocalcemia.
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INTRODUCTION thyroid gland. This can cause significant discomfort in af-
fected patients who will eventually need to take oral cal-

Postthyroidectomy hypocalcemia is a common compli- cium and vitamin D for a long time [1]. The possible causes
cation after thyroidectomy, although thyroidectomy is of hypocalcemia are injury to the parathyroid glands or its
still a safe procedure. It is usually transient but some cases blood supply, extensive resection, neck dissection with to-
can become permanent due to loss of functioning para- tal thyroidectomy, Graves’ disease, carcinoma, and hemo-
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dilution [2-7]. Among them, parathyroid gland injury is
the most common factor for developing hypocalcemia. To
minimize parathyroid injury, an attempt to look for all the
parathyroid glands and preserved their blood supply
should be made during the operation. However, it is diffi-
cult to find all parathyroid glands and to preserve these
identified parathyroid glands due to the high probability
of inflicting damage to their blood supply during the
search process and dissection. Also, the extent of thyroi-
dectomy and node dissection increases the likelihood of
damaging the blood supply of the parathyroid glands
[2,3]. Many reports have stated that parathyroid auto-
transplantation can reduce the incidence of hypocalcemia,
when unintentionally removed or devascularized para-
thyroid glands were found during operation [8,9].
Sometimes, parathyroid glands may be found within the
postoperative specimen, when it was unknowingly re-
moved with the thyroid or lymph node during the oper-
ation [10]. It is interesting to know how many parathyroid
glands should be preserved in situ in order to prevent post-
operative hypocalcemia. The aims of this study were to de-
termine the incidence of and to evaluate the risk factors for
hypocalcemia after total thyroidectomy and node dis-
section for thyroid cancer; to investigate the incidence of
hypocalcemia according to the number of preserved para-
thyroid glands; and to investigate how many parathyroid
glands should be preserved to prevent postoperative

hypocalcemia.

Eight hundred sixty-six patients, who underwent total
thyroidectomy and node dissection for thyroid cancer at
the surgical department of the present hospital between
March 2007 and February 2011, were retrospectively
reviewed. The patients consisted of 115 men and 751
women. The mean age was 46.3 years old (range, 15 to 78
years old). The preoperative diagnoses were papillary thy-
roid carcinoma in 856 patients, follicular carcinoma in 6,
medullary thyroid carcinoma in 2, and undifferentiated
carcinoma in 2. The median size of the primary tumor was

11 mm (range, 2 to 70 mm). Before surgery, 21 patients

76

were treated for Grave’s disease. In all patients, total thy-
roidectomy and central cervical lymph node dissection
were performed. In 75 patients, lateral neck dissection was
performed at the same time, because lymph node meta-
stases were suspected on the basis of a preoperative ultra-
sound examination and ultrasound guided fine needle
aspiration. Lateral neck lymph node metastases were con-

firmed in 66 of them. The demographic data are summar-

Clinicopathologic characteristics of the patients

Characteristic Value

Sex

Male 115 (13.3)

Female 751 (86.7)
Age (yr) 46.27 +11.03 (15-78)

<45 401 (46.3)

=45 465 (53.7)
Presence of Graves’ disease 21 (24)
Operation

Total thyroidectomy + CLND 791 (91.3)

Total thyroidectomy + MRND 75 (8.7)
Diagnosis

Papillary thyroid cancer 856 (98.8)

Follicular thyroid caner 6(0.7)

Medullary thyroid cancer 2(0.2)

Undifferentiated thyroid cancer
Mass size (cm)
Multifocality
Single
Multiple (=2)
Extrathyroid extension
No
Yes
Thyroiditis
No
Yes
Removed central lymph node

No. of preserved parathyroid glands

T stage
T1
T2
13
T4a
T4b

N stage
No
Nla
Ni1b

2(0.2)
1.08 +0.82 (0.2-7)

573 (66.2)
293 (33.8)

330 (38.1)
536 (61.9)

660 (76.2)
206 (23.8)
10.96 +6.21 (1-53)
1.65 + 1.01 (0-4)

314 (36.3)
14 (1.6)
471 (54.4)
63 (7.3)
4(05)

432 (49.9)
368 (42.5)
66 (7.6)

Values are presented as mean + SD (range) or number (%).

CLND, central lymph node dissection; MRND, modified radical

neck dissection.
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Preserved parathyroid gland with intact blood supply.

ized in Table 1.

The standard initial surgical procedure done was ex-
tracapsular thyroidectomy and meticulous trachea-eso-
phageal groove dissection. During the operation, all at-
tempts were made to identify all the parathyroid glands
and preserve their blood supply [2,11]. If it was necessary
to remove the parathyroid gland due to its proximity to
the cancer or its unintentional devascularization, the re-
moved parathyroid gland was immediately autotrans-
planted into the sternocleidomastoid muscle. The han-
dling of the parathyroid glands during operation were de-
scribed into 5 types. The preserved type was defined as
identifying a grossly tan parathyroid gland with intact
blood supply after the operation (Fig. 1). The color changed
type was defined as parathyroid gland looking grossly
congested and was judged as having low chance of
survival. The autotransplantation type was defined as iso-
lated parathyroid gland being implanting into the sterno-
cleidomastoid muscle due to inadvertent gland removal,
accidentally severing the parathyroid gland’s blood sup-
ply during surgery or the gland was located in the anterior
portion of the thyroid lobe and was receiving its blood
supply from the thyroid gland [2]. The removed type was
defined as parathyroid gland being removed with the thy-
roid gland due to its proximity to the cancer or was in-
cidentally found within the postoperative specimen. The
non-identified type was defined as parathyroid gland not
being found during the operation. Successful preservation
of the parathyroid glands was considered only for the first

type. The remaining four types were considered non-pres-
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ervation of the parathyroid glands.

The patients who suffered with numbness as signs of
hyocalcemia and patients who had four intraoperatively
identified parathyroid glands measured serum calcium,
ionized calcium, and intact parathyroid hormone (iPTH)
on postoperative days (PODs) 1, 3, and 7 days. Patients
who have hypocalcemic symptoms along with total cal-
cium level less than 7.8 mg/dL (normal range, 7.8 to 10.0
mg/dL) or ionized calcium level less than 0.96 mM/L
(normal range, 0.96 to 1.40 mM/L) were considered as hav-
ing hypocalcemia. Patients with hypocalcemia were given
oral calcium carbonate 2 g/day and oral 1,25-dihydroxy-
cholecaldiferol, 0.5 ng/day. If needed, intravenous calcium
gluconate was also administered. Patients who continued
to require calcium carbonate and oral 1,25-dihydroxycho-
lecaldiferol more than 6 months after the operation were
considered as having permanent hypocalcemia. One hun-
dred ninety one patients who had four intraoperatively
identified parathyroid glands and without autotransplan-
tation being done on any of the parathyroid glands were
divided into three groups. Group I consisted of patients
with one parathyroid gland being preserved i situ, group
IT consisted of those with two parathyroid glands preserve
in situ and group III consisted of those with three or more
parathyroid glands preserve in situ. The incidence of hy-
pocalcemia in the two groups was compared.

The clinicopathologic characteristics, including patient’s
sex, age, gender, presence of Graves’ disease, multifocality
of the lesion, tumor size, extrathyroid extension, thyroi-
ditis, number of identified parathyroid glands, number of
preserved parathyroid glands, and number of removed
central lymph nodes were investigated. The level of iPTH
was measured by electrochemiluminescene immunoassay
(Roche, Mannheim, Germany), the normal range being at
15 to 65 pg/mL.

Statistical analyses were performed using the IBM SPSS
ver. 18.0 (IBM Co., Armonk, NY, USA). The 22 test, t-tests
and Fisher’s exact test, Mann-Whitney test, and the
Logistic regression analyses were used to analyze the vari-
ables related to hypocalcemia. The case with a P-value of

less than 0.05 was considered to be statistically significant.
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During the median follow-up time of 27 months, 80 pa-

Clinical features and incidences of complication after total
thyroidectomy and lymph node dissection

No. of patients (%)

Bleeding
Hypocalcemia
Transient
Permanent
Hoarseness
Chylous fistula

tients (9.2%) had transient hypocalcemia and 4 patients
(0.5%) had permanent hypocalcemia. The mean number of
preserved parathyroid glands was 1.65 + 1.01 in all pa-
tients, 1.75 + 0.97 among patients with normocalcemia,
and 0.71 + 0.78 among patients with transient hypocal-
cemia. Other complications such as bleeding, hoarseness,
and chylous fisulta occurred in 2, 11, and 6 cases, re-
spectively (Table 2). The 80 patients who had transient hy-
pocalcemia, received calcium and 1,25-hydrocyvitamin D
supplements for 2 to 4 weeks. All of them recovered with
calcium and iPTH levels normalizing between the second
and fourth postoperative weeks. Patients with permanent

hypocalcemia, failed to recover their normal parathyroid

Univariate analysis of clinicopathologic characteristics in postoperative hypocalcemia

Characteristic Normocalcemia Hypocalcemia P-value
Sex NS
Male 106 (92.2) 9(7.8)
Female 676 (90.0) 75 (10.0)
Age (yr) 4620+11.14 46.93 +10.00 NS
Presence of Graves’ disease NS
No 765 (90.5) 80 (9.5)
Yes 17 (81.0) 4(19.0)
Operation NS
Total thyroidectomy 716 (90.5) 75 (9.5)
Total thyroidectomy + MRND 66 (88.0) 9 (12.0)
Diagnosis NS
Papillary thyroid cancer 773 (90.3) 83(9.7)
Follicular thyroid caner 5(83.3) 1(16.7)
Medullary thyroid cancer 2 (100.0) 0(0.0)
Anaplastic thyroid cancer 2 (100.0) 0(0.0
Mass size (cm) 1.06+0.78 1.23+1.07 NS
Multifocality NS
Single 518 (90.4) 55 (9.6)
Multiple (=2) 264 (90.1) 29 (9.9)
Extrathyroid extension NS
No 305 (92.4) 25 (7.6)
Yes 477 (89.0) 59 (11.0)
Thyroiditis NS
No 603 (91.4) 57 (8.6)
Yes 179 (86.9) 27 (13.1)
No. of identified parathyroid glands 3.05+0.84 2.85+1.01 NS
No. of preserved parathyroid glands 1.75+0.97 0.68+0.78 <0.001
Removed central lymph node 10.71 £5.96 1329 +7.84 0.004
No. of central lymph node metastasis 1.59+2.51 1.87 +£3.66 NS
T stage NS
Less than T2 303 (92.4) 25 (7.6)
More than T3 479 (89.0) 59 (11.0)

Values are presented as number (%) or mean + SD.

NS, not significant; MRND, modified radical neck dissection.
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function, even though parathyroid glands were auto-
transplanted in two cases and the discolored parathyroid
glands were left in situ without autotransplantation in two
cases. Significantly more hypocalcemia developed in pa-
tients who had more dissected lymph nodes, and who had
less preserved parathyroid glands. Graves’ disease, thy-
roiditis, multifocality of lesion, and extrathyroidal ex-
tension of the lesion were not correlated with the develop-
ment of hypocalcemia (Table 3).

One hundred ninety-one patients had four intraopera-
tively identified parathyroid glands without any para-
thyroid autotransplantation being done. These patients
were divided into three groups based on the number of

preserved parathyroid glands (as described above) in or-

Hypocalcemia after total thyroidectomy

der to know if the number of preserved parathyroid
glands had an effect on the incidence of postoperative
hypocalcemia. Group I included 22 patients, group I had
77 and group III had 92. Five patients (22.7%) in group I
and 5 patients (6.5%) in group II had transient hypo-
calcemia (P < 0.001) (Table 4). No transient hypocalcemia
occurred in group III and none of them developed perma-
nent hypocalcemia (Table 4). In group I, the total serum
calcium, ionized calcium, and iPTH level fell to 8.41 +0.72
mg/dL, 0.97 +0.89 mM/L, and 19.52 + 10.86 pg/mL on POD
1, then recovered rapidly to 9.14 + 0.63 mg/dL, 1.13 £ 0.15
mMY/L, and 27.87 + 17.44 pg/mL, respectively. In group II,
the total serum calcium, ionized calcium, and iPTH level
was 8.30 + 0.63 mg/dL, 1.00 £ 0.12 mM/L, and 16.17 + 7.35

Incidence of hypocalcemia according to the number of preserved parathyroid glands in patients with four intraoperatively identified

parathyroid glands
No. of preserved _ No. of transient No. of permanent
Group parathyroid glands Total (n=191) hypocalcemia (%) hypocalcemia (%)
I 1 22 5(22.7) 0(0)
II 2 77 5(6.5) 0(0)
I 3 63 0(0) 0(0)
it 4 29 0(0) 0(0)
9.50 1.20 -
o
g S 115
£ 9.00 1 =
£ £ 1101
2 IS
L =]
g 8.50 1 S 1.05+
£ 8
3 2 1.00
2 800 — Group 1 N
o ---- Group 2 S 0.951 --=- Group 2
|9 Group 3 Group 3
7-50 T T 1 0-90 T T 1
POD 1 POD 3 POD 7 POD 1 POD 3 POD 7
35.00
30.00
~ 25.00 -
E
S 20.00-
s
T 15.00
[
o
10.00 1 — Group 1
5.00 e g:gﬂp g The changes in total serum calcium, ionized calcium, and
0.00 : : P . intact parathyroid hormone (iPTH) levels in group I, group II, and

POD 1 POD 3 POD 7
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group III. POD, postoperative day.
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pg/mL on POD 1, then rose to 9.06 + 0.59 mg/dL, 1.05+0.10
mMY/L, and 22.70 + 6.67 pg/mL, respectively. In group III,
the total serum calcium, ionized calcium, and iPTH level
was 8.52 +0.39 mg/dL, 1.07 £ 0.69 mM/L, and 32.08 + 14.01
pg/mLonPOD 1, then rose t0 9.19 + 0.37 mg/dL, 1.14 +0.15
mM/L, and 31.13 £ 9.85 pg/mL, respectively (Fig. 2). In
group I, the results of the all blood tests were decreased to
within the normal range on the first day after total thyroi-
dectomy and were completely restored as similar values of
group II and group III on the 7th day. There were no stat-
istical differences in the parameters measured between
group I, group Il and group III on the 7th day. Two patients
could not found one of the parathyroid gland and hypo-
calcemia occurred in both patients. Thirty three patients
had one identified parathyroid glands and 5 patients
(15.2%) had transient hypocalcemia and no permanent
hypocalcemia. One hundred ninety-six patients had two
parathyroid glands and 21 patients (10.7%) had transient
hypocalcemia and 2 patients (1.0%) had permanent
hypocalcemia. Three hundred forty one patients had three
identified parathyroid glands and 26 patients (7.6%) had
transient hypocalcemia and 2 patients (0.6%) had perma-
nent hypocalcemia.

The removed central lymph nodes also related hypo-
calcemia significantly. Hypocalcemia was more common

in twelve or more removed central lymph nodes (Table 5).

The incidence of thyroid surgery has increased in recent
years due to the widespread use of ultrasonographic
screening procedures. Thyroidectomy has been performed
safely because of technical improvements and better know-

ledge of thyroid anatomy [11], however, postoperative

Incidence of hypocalcemia according to the number of
removed central lymph nodes (n = 866)

No. of removed No. of transient No. of permanent

central lymph nodes hypocalcemia (%) hypocalcemia (%)
0-11 540 41(7.6) 1(0.2)
12 or more 326 39 (12.0) 3(0.9)

80

complications can still occur even with experienced sur-
geons. The well known complications that can occur after
thyroid surgery are bleeding, parathyroid insufficiency,
and injury to the recurrent laryngeal nerve [2,3,12-14].
Among them, parathyroid insufficiency is somewhat
problematic in that the preservation of parathyroid glands
particularly difficult during total thyroidectomy, because
of the difficulty in identifying the normal parathyroid
glands and in preserving their blood supply even with me-
ticulous dissection.

The incidence of transient and permanent hypocalce-
mia in this paper was 9.2%, and 0.5%, respectively. The fre-
quency is comparable to previous reports of patients who
had thyroidectomy [5,7,11,15,16]. The patients with tran-
sient hypocalcemia were given oral calcium and vitamin D
supplements to stabilize their calcium levels, thereafter,
spontaneous normalization of their serum calcium levels
gradually occurred within 1 month. The better known risk
factors of postoperative hypocalcemia are parathyroid in-
jury, parathyroid devascularization, extensive lymph
node dissection, and Graves’ disease [2-6,17,18]. It was
known that patients with Graves’ disease were associated
with a higher incidence of postoperative hypocalcemia
[4,7]. In the present study, 21 patients have been treated for
Graves’ disease at the time of operation. The incidence of
hypocalcemia was 19.0% among patients with Graves’ dis-
ease, which was higher than the incidence of hypocalcmia
in patients without Graves’ disease (9.5%). However, there
was no correlation between the presence of Graves’ dis-
ease and the development of hypocalcemia.

In the present study, the risk factors for developing
postoperative hypocalcemia were extensive central node
dissection and unsuccessful preservation of the para-
thyroid glands. Extensive central node dissection has been
identified as a risk factor for hypocalcemia by Thompson
et al. [1]. The dissection may increase the risk of injury to
the inferior parathyroid glands and their blood supply.
However, the parathyroid glands and their blood supply
can be separated from the thyroid gland and the central
node group within the fat by meticulous dissection. There
is some sort of a boundary, by carefully dissecting the
overlying fascia, between the parathyroid glands and their

blood supply within the thymic tissue and the central
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node group within the fat. An elevated level of care should
be employed when a central node dissection is to be
conducted.

There are many reasons why attempts at preserving the
parathyroid glands may fail. Parathyroid glands may not
be successfully preserved if they are located anterior to or
within thyroid gland. Parathyroid glands that were re-
moved intentionally and then implanted into muscle can
also fail to survive. Direct trauma to the parathyroid gland
that cause gland discoloration tend to result in the para-
thyroid gland not being preserved. The injury of blood
supply of parathyroid glands unintentionally causes im-
plantation or removal of the parathyroid glands. Thomusch
et al. [4] emphasized that at least 2 parathyroid glands
should be identified and preserved to prevent hypopar-
athyroidism and they found that no additional benefit was
evident by having more than two identified and preserved
parathyroid glands. In our study, the number of para-
thyroid gland identified during the operation was zero in
0.2% of cases, one in 3.8% cases, two in 22.6%, three in
39.4%, and four in 33.9%. The rate of preservation of more
than one parathyroid gland was 69.7% in one identified
parathyroid gland, 76.1% in two, 88.6% in three, and 94.9%
in four. The higher the rate of parathyroid gland detection,
the more chances of successfully preserving the para-
thyroid glands. The surgeon should make an attempt to
identify as many of the parathyroid glands as possible.

Attie and Khafif [11] suggested that at least two func-
tional parathyroid glands were necessary to avoid hypo-
calcemia, and Wingert et al. [7] suggested that resection of
at least 2 parathyroid glands increased the risk of hypo-
calcemia. Kihara et al. [19] evaluated 83 patients wherin
parathyroid preservation was attempted, and the number
of successfully preserved parathyroid glands was 1.7, sim-
ilar to what was achieved in our study. The incidence of
permanent hypoparathyroidism in their study was 1.2%.
No permanent hypocalcemia occurred among patients
with at least one preserved parathyroid gland in our study.
They reported that the serum calcium decreased to the low
normal levels, and the serum iPTH levels were reduced to
below the normal range in some of their patients with one
or two preserved parathyroid glands on POD 1. In the

group who had below normal iPTH levels, recovery to-
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wards their preoperative values was almost complete at 30
days after the operation. But in the group whose iPTH lev-
els fell below the detectable limit, the parathyroid function
recovered to only 70% of their preoperative values [19]. In
our study, in the group I and II patients with transient hy-
pocalcemia, the serum calcium, ionized calcium, and
iPTH levels were reduced within one day after operation,
and return to the similar range within seven day as other
studies [6,7,20], and there are no different levels between
two groups. In some patients with one preserved para-
thyroid gland, the serum iPTH levels were reduced to be-
low the normal range but not to below the detectable limit
and they were able to completely recover to the normal
range.

In conclusion, the number of preserved parathyroid
glands is the most important factor for predicting perma-
nent hypocalcemia and we found that only one functional
parathyroid gland was needed to avoid permanent
hypocalcemia. Even if all the parathyroid glands cannot be
completely accounted for, the surgeon should make an at-
tempt at identifying and preserving parathyroid glands
without damaging their blood supply.

No potential conflict of interest relevant to this article

was reported.
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