
71

Brazilian Journal of otorhinolaryngology 76 (1) January/feBruary 2010
http://www.bjorl.org  /  e-mail: revista@aborlccf.org.br

Prospective study of clinical 
and laboratorial hypocalcemia 
after thyroid surgery

   Summary

Rogério Aparecido Dedivitis 1, Elio Gilberto 
Pfuetzenreiter Jr. 2, Carlos Eduardo Molinari 

Nardi 3, Emmanuel Casotti Duque de Barbara 4

 1 Professor at Lusíada Foundation UNILUS, MD.
 2 MD, Head and Neck Surgeon, Ana Costa Hospital, Santos.

 3 MD, Resident of General Surgery, Ana Costa Hospital, Santos.
 4 MD, Former intern at the Ana Costa Hospital, Santos.

Graduate Program on Health Sciences, Heliópolis Hospital HOSPHEL, São Paulo; Service of Head and Neck Surgery, Ana Costa Hospital, Santos; Program of Head and 
Neck Surgery, Lusíada Foundation UNILUS; Service of Head and Neck Surgery, Irmandade da Santa Casa da Misericórdia de Santos.

Send correspondence to: Rua Dr. Olinto Rodrigues Dantas, 343 conj. 92 11050-220 Santos, SP. Brasil.
Paper submitted to the BJORL-SGP (Publishing Management System – Brazilian Journal of Otorhinolaryngology) on February 1, 2009; 

and accepted on August 7, 2009. cod. 6234

Hypocalcemia can be detected clinically and through 
lab tests after thyroidectomy. Aim: To analyze the incidence 
and risk factors of clinical and laboratorial hypocalcemia 
after thyroid surgery. Methods: Prospective study of 
91 patients undergoing thyroidectomy. Demographics, 
intraoperative, and pathological aspects were correlated to 
our hypocalcemia findings. Results: Age higher than 50 
(p = 0.022) and complete thyroidectomy (p < 0.001) were 
considered risk factors for hypoparathyroidism. Complete 
thyroidectomy was considered a risk factor for the 48-hour 
laboratorial hypoparathyroidism (p = 0.004). There was 
no risk factor associated with the one-month laboratorial 
hypoparathyroidism. There was significance between the 
48-hour and the one-month laboratorial hypoparathyroidism. 
Conclusions: Thyroidectomy extension is a risk factor 
for both the clinical and laboratorial hypoparathyroidism, 
whereas age is a risk factor for clinical hypoparathyroidism. 
The detection of 48-hour laboratorial hypoparathyroidism 
is a predisposing factor for the one-month laboratorial 
hypoparathyroidism. However, most of the cases were 
temporary.
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INTRODUCTION

Post-thyroidectomy hypocalcemia is a serious early 
complication. Patients must therefore be carefully observed 
in the postoperative period and have their lab workup 
done, especially those categorized as high risk patients1. 
Estimates indicate that transient hyperparathyroidism pre-
valence rates range between 6.9% and 46% and permanent 
hyperparathyroidism rates vary from 0.4% to 33%2-5.

Hypocalcemia may occur secondarily to surgical 
trauma, devascularization, unintentional removal of para-
thyroid glands, reoperation, and total thyroidectomy6. Even 
after meticulously performed procedures, some temporary 
parathyroid dysfunction may occur7. Surgery extension has 
been seen as a risk factor, as in total thyroidectomy there is 
potential blood supply involvement resulting from bilateral 
surgical manipulation. Lobectomy patients are at extremely 
low risk of postoperative hypocalcemia, as parathyroid 
glands usually remain functional at the non-operated side1.

Some situations are considered to be risk factors for 
the onset of transient and permanent hyperparathyroidism, 
such as Graves’ disease, recurring goiter, and thyroid car-
cinoma. However, other factors are related to the chosen 
surgical procedure and its impact on devascularization 
or accidental removal of the parathyroid glands. The re-
commended surgical strategy is meticulous dissection and 
preservation of the parathyroid glands and their blood 
supply5. While the removal of one gland is not associated 
with postoperative hypocalcemia, the same cannot be said 
when two or more glands are removed4. The best way 
to avoid accidental excision is properly identifying the 
parathyroid glands. Risk of complication is higher when 
fewer than three glands are identified during surgery4,8,9.

This paper aims to prospectively study the possible 
risk factors for the onset of post-thyroidectomy hypocal-
cemia.

MATERIALS AND METHOD

Our study enrolled 91 patients who had their 
thyroid glands surgically treated from July to December 
of 2007. This is an observation study with prospectively 
collected data. All patients were tested preoperatively, 48 
hours into postoperative care and 30 days after surgery for 
serum ionic calcium by the same laboratory. None of the 
patients had undergone thyroid surgery or radiotherapy 
before, and none of them was lost during follow-up. All 
patients had preoperative calcium levels within normal 
ranges, and none were undergoing calcium or vitamin 
D replacement. This study was approved by the Ethics 
Committee at our institution. The study aimed at correla-
ting the demographic, intraoperative, and pathologic risk 
factors mentioned above to early (48 hours) and late (one 
month) hypocalcemia.

The following parameters were found:
- demographic factors: gender; age; clinical diag-

nosis (uninodular goiter, multinodular goiter, or thyroid 
cancer);

- technical surgical aspects: surgery type (partial 
thyroidectomy - lobectomy with isthmectomy, total thyroi-
dectomy and total thyroidectomy with neck clearance); 
and number of parathyroid glands reinserted into the 
sternocleidomastoid muscle after unintentional excision;

- pathology aspects: volume of the thyroid lobe 
involved by lesion or the dominant one; volume of con-
tralateral lobe; gland weight (in grams); pathology test 
results (goiter, adenoma, or thyroid cancer); and thyroiditis 
(according to pathology parameters). The data sets were 
analyzed in accordance with the incidence of clinical and 
laboratory hypoparathyroidism (at 48 hours and one month 
into postoperative care) (Table 1).

The chi-square test was used to verify the associa-
tion between categorical variables in contingency Tables. 
Fisher’s exact test was applied in 2x2 Tables in which 
at least one expected frequency is lower than 5. The 
association between numeric variables in relation to the 
occurrence of hypoparathyroidism at one month and 48 
hours was verified by McNemar’s test. A significance level 
of 5% was adopted or all statistical tests.

RESULTS

The following were the risk factors considered 
for the onset of clinical hypoparathyroidism (Table 2): 
age above 50 years (p = 0.022) and non-partial surgery 
(total thyroidectomy and total thyroidectomy with neck 
clearance) - p < 0.001. Non-partial surgery (p=0.004) was 
identified as a risk factor for the onset of laboratorial hy-
poparathyroidism detected through calcium serum levels 
48 hours into postoperative care (Table 3). No risk factors 
were found for the onset of laboratorial hypoparathyroi-
dism one month into follow-up (Table 4). Only one patient 
had parathyroid insertion secondary to accidental gland 
excision confirmed through frozen sample testing on the 
bed of the sternocleidomastoid muscle.

Table 5 shows statistical significance between labo-
ratorial hypoparathyroidism at 48 hours and one month 
into follow-up; 16 patients had hypoparathyroidism at 
48 hours and ten ceased to have it at one month into 
follow-up.

DISCUSSION

Transient hypocalcemia is commonly seen after 
thyroid surgery, as biochemical disorders are described in 
more than 83% of the cases6,7,10,11; clinical hypocalcemia is 
however less frequently observed.

Thyroid surgery extension was reported as an 
important factor in the prevalence rates of transient and 
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permanent hypoparathyroidism when more and less 
extensive procedures were compared10; in multivariate 
analysis this was found to be the most important isolated 
factor5. Some authors have found that patients undergoing 
unilateral surgery do not present signs of clinical or labo-
ratorial hypocalcemia1,6. On the other hand, for patients 
submitted to total thyroidectomy there is a potential risk of 
vascular involvement of the four parathyroid glands due to 
bilateral manipulation1. In our study, the performance of a 
non-partial thyroidectomy - that is, total thyroidectomy or 
total thyroidectomy with neck clearance - was a risk factor 
for the onset of both clinical and laboratorial hypopara-
thyroidism. Only two patients required total thyroidectomy 
with neck clearance (Table 1) and neither of these patients 
presented clinical or laboratorial hypoparathyroidism. The-
refore, in our series neck clearance cannot be considered 
as a risk factor for the analyzed outcomes.

In a consecutive series of 200 patients submitted 
to thyroidectomy for nontoxic multinodular goiter, the 
risk of postoperative hypoparathyroidism was 25 times 

greater for patients above the age of 50, 28 times greater 
for preoperative levels of 25-vitamin D lower than  15 
ng/mL and 71 times greater for patients submitted to total 
thyroidectomy12.

Many authors (us included) prefer to ligate the in-
ferior thyroid artery peripherally, i.e., close to the thyroid 
capsule13-15. Such procedure, instead of ligating the ITA 
close to the branch origin, would better preserve the inte-
grity of the parathyroid branches. Although a randomized 
trial with 100 patients showed no significant differences 
in postoperative hypoparathyroidism between central 
and peripheral ligation16, a vast series analyzed through 
multivariate analysis showed that bilateral central ligation 
is an independent factor for hypoparathyroidism, mainly 
for permanent hypoparathyroidism5. As a rule, we perform 
peripheral ligations. This occurred in all cases in our series, 
thus rendering impossible a statistical comparison against 
central ligation.

It is recommended that parathyroid glands are 
spared based on careful dissection of the gland’s blood 

Table 1. Patient distribution according to demographic variables.

Variable Categories / Measurements Freq (%) / Measurements

Gender
Male 

Female 
7 (7,7) 

84 (92,3)

Age (years)

N 
Minimum-maximum

Median 
Mean 

Standard deviation

91 
18-82 

50 
49,3 
14,0

Clinical Diagnosis
NTUG
NTMG
Cancer 

39 (42,9) 
40 (44,0) 
12 (13,2)

Procedure
Partial 

TT 
TT + NC

45 (49,4) 
44 (48,4) 

2 (2,2)

Weight

N 
Minimum-maximum

Median 
Mean 

Standard deviation

91 
6-320 

25 
36,6 
40,3

Pathology tests
Goiter

Adenoma
Cancer 

51 (56,0) 
19 (20,9) 
21 (23,1)

Thyroiditis
No 
Yes

46 (50,6) 
45 (49,4)

Clinical HPT 
No 
Yes 

80 (87,9) 
11 (12,1)

Laboratorial HPT at 48h
No 
Yes 

69 (75,8) 
22 (24,2)

Laboratorial HPT at 1 month
No
Yes

85 (93,4) 
6 (6,6)

TT = total thyroidectomy; NC = neck clearance; HPT = hypoparathyroidism
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Table 2. Patient distribution according to clinical hypoparathyroidism.

Variable Categories 
Clinical HPT

p-value
NO N(%) YES N(%)

Gender
Male

Female
7 (100,0) 
73 (86,9)

0 (0,0) 
11 (13,1)

0,592

Age range (years)
≤ 50 
> 50

44 (95,6) 
36 (80,0)

2 (4,4) 
9 (20,0)

0,022*

Clinical diagnosis
NTUG
NTMG
Cancer

38 (97,4) 
32 (80,0) 
10 (83,3)

1 (2,6) 
8 (20,0) 
2 (16,7)

N/A

Diagnosed with 
Multinodular Goiter

Non-NTMG
NTMG

48 (94,1) 
32 (80,0)

3 (5,9) 
8 (20,0)

0,054

Procedure
Partial

TT
TT + NC

45 (100,0) 
33 (75,0)  
2 (100,0)

0 (0,0) 
11 (20,0) 

0 (0,0)
N/A

Partial procedure
Partial

Non-partial
45 (100,0) 
35 (76,1)

0 (0,0) 
11 (23,9)  

< 0,001*

Weight
≤ 25 
> 25

43 (89,6) 
37 (86,0)

5 (10,4) 
6 (14,0)

0,605*

Pathology tests
Goiter

Adenoma
Cancer

44 (86,3) 
18 (94,7) 
18 (85,7)

7 (13,7) 
1 (5,3) 

3 (14,3)
N/A

Thyroiditis
No 
Yes

42 (91,3) 
38 (84,4)

4 (8,7) 
7 (15,6)

0,316

p-value obtained through Fisher’s exact test; * p-value obtained through chi-square test; N/A = not applicable; NTUG = nontoxic uninodular 
goiter; NTMG = nontoxic multinodular goiter; TT = total thyroidectomy; NC = neck clearance.

Table 3. Patient distribution according to laboratorial hypoparathyroidism at 48 hours.

Variable Categories 
Laboratorial HPT at 48h

p-value
NO N(%) YES N(%)

Gender
Male

Female
7 (100,0) 
62 (73,8)

0 (0,0) 
22 (26,2)

0,189

Age range (years)
≤ 50 
> 50

38 (82,6) 
31 (68,9)

8 (17,4) 
14 (31,1)

0,126*

Clinical diagnosis
NTUG
NTMG
Cancer

33 (84,6) 
27 (67,5) 
9 (75,0)

6 (15,4) 
13 (32,5) 
3 (25,0)

N/A

Diagnosed with NTMG
Non-NTMG

NTMG
42 (82,4) 
27 (67,5)

9 (17,6) 
13 (32,5)

0,100

Procedure
Partial

TT
TT+NC

40 (88,9) 
27 (61,4) 
2 (100,0)

5 (11,1) 
17 (38,6) 

0 (0,0)
N/A

Partial Procedure
Partial

Non-partial
40 (88,9) 
29 (63,0)

5 (11,1) 
17 (37,0)

0,004*

Weight
≤ 25 
> 25

38 (79,2) 
31 (72,1) 

10 (20,8) 
12 (27,9)

0,431*

Pathology tests
Goiter

Adenoma
Cancer

37 (72,6) 
16 (84,2) 
16 (76,2)

14 (27,4) 
 (15,8) 

5 (23,8)
N/A

Thyroiditis
No 
Yes

38 (82,6) 
31 (68,9) 

8 (17,4) 
14 (31,1)

0,126

p-value obtained through Fisher’s exact test; * p-value obtained through chi-square test; N/A = not applicable; NTUG = nontoxic uninodular 
goiter; NTMG = nontoxic multinodular goiter; TT = total thyroidectomy; NC = neck clearance.
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pedicle. Permanent hypoparathyroidism occurs exclusively 
when fewer than three parathyroid glands are identified 
during surgery8,9,11. Other authors consider that the iden-
tification and sparing of at least two glands may result 
in higher rates of permanent hypoparathyroidism5. This 
parameter was not assessed in our study, as in cases of 
partial thyroidectomy in which only one side is explored 
the number of identified glands is naturally lower, as the 
contralateral side has not been dissected and significant 
biases would be introduced as a result of such measure.

Considering unintentional lesions and avulsions, pa-
rathyroid tissue is often found in excised thyroid specimens 
even when exploratory dissection to search for parathyroid 
glands is performed by experienced surgeons17.

Various methods have been proposed to identify 
parathyroid glands in the site of surgery. Esselstyn, in more 
than 200 cases of neck exploration, removed about a third 

of the gland after locating it in the contralateral side on 
the vascular pedicle and sent them for pathology testing. 
Macroscopic surgical confirmation of the parathyroid gland 
was performed through observation, in the first three 
seconds, of a red dots appearing in the sectioned gland 
surface (parathyroid blush)18. Silverberg studied 19 cases 
of hyperparathyroidism through the imprint technique 
on a glass slide using methylene blue staining, achieving 
100% accuracy in the 96 studied specimens to differentiate 
thyroid, parathyroid, and lymph node tissue. The advanta-
ge elicited by the author is the short time - 45 seconds to 
one minute - required to perform the diagnosis19. Romão, 
in an experimental trial, used intravenous methylene blue 
during surgery in ten dogs and intrarterial in eight dogs. 
The intrarterial methylene blue injections failed to show 
the location of the glands; stain leakage and bleeding were 
additionally observed. Glands were more easily identified 

Table 4. Distribution according to laboratorial hypoparathyroidism at one month.

Variable Categories 
Laboratorial HPT at 1 month

p-value
NO N(%) YES N(%)

Gender
Male

Female
7 (100,0) 
78 (92,9)

0 (0,0) 
6 (7,1)

> 0,999

Age range (years)
≤ 50 
> 50

42 (91,3) 
43 (95,6)

4 (8,7) 
2 (4,4)

0,677

Clinical diagnosis
NTUG
NTMG
Cancer

38 (97,4) 
36 (90,0) 
11 (91,7)

1 (2,6) 
4 (10,0) 
1 (8,3)

N/A

Diagnosed with NTMG
Non-NTMG

NTMG
49 (96,1) 3

6 (90,0)
2 (3,9) 

4 (10,0)
0,399

Procedure
Partial

TT
TT+NC

44 (97,8) 
39 (88,6) 
2 (100,0)

1 (2,2) 
5 (11,4) 
0 (0,0)

N/A

Partial Procedure
Partial

Non-partial
44 (97,8) 
41 (89,1)

1 (2,2) 
5 (10,9)

0,203

Weight
≤ 25 
> 25

45 (93,8) 
40 (93,0)

3 (6,2) 
3 (7,0)

  > 0,999

Pathology tests
Goiter

Adenoma
Cancer

48 (94,1) 
17 (89,5) 
20 (95,2)

3 (5,9) 
2 (10,5) 
1 (4,8)

N/A

Thyroiditis
No 
Yes

43 (93,5) 
42 (93,3)

3 (6,5) 
3 (6,7)

> 0,999

p-value obtained through Fisher’s exact test; N/A = not applicable; NTUG = nontoxic uninodular goiter; NTMG = nontoxic multinodular goiter; 
TT = total thyroidectomy; NC = neck clearance.

Table 5. Distribution according to laboratorial hypoparathyroidism at 48 hours and one month.

Variable Categories 
Laboratorial HPT at 1 month

p-value
NO N(%) YES N(%)

Laboratorial HPT at 48 
No 
Yes

69 (100,0) 
16 (72,7)

0 (0,0) 
6 (27,3)

< 0,001 

p-value obtained from McNemar’s test
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in the group of intravenous injections20. Kuhel and Carew 
(1999) conducted a prospective study in 14 thyroidectomy 
procedures and used incisional biopsy - 34 in 36 possi-
ble glands were confirmed. In 17 (50%) cases, there was 
bleeding as expected from the remainder of the gland at 
the site where the biopsy was performed. All others were 
deemed as devascularized, whether or not their color was 
altered, and were reimplanted in the sternocleidomastoid 
muscle. The authors attributed the lack of bleeding during 
incisional biopsy as a criterion for devascularization, as it 
is more reliable than color alteration21. Perrier et al. carried 
out a study using fine needle aspiration during surgery to 
biochemically quantiy the presence of parathyroid hor-
mone in 65 subjects; all aspiration findings from tissues 
such as the thyroid gland, fat tissue, lymph node, and 
thymus presented ten times less parathyroid hormone 
when compared to the values found in the parathyroid 
gland, with high sensitivity and specificity22. Sofola et al. 
studied four rabbits using orthogonal polarized spectral 
imaging. The device worked as an ’intravital’ microscope 
to find the parathyroid glands. The image obtained from 
tissue microvasculature architecture made it possible to 
characterize each tissue individually, differentiating fat 
tissue from thyroid, and parathyroid glands23. Shidham et 
al. (2002) prospectively analyzed the use of cytology tests 
through scraping of 177 fresh specimens obtained during 
parathyroidectomy and concluded that the concurrent 
use of this method with frozen biopsy is the best means 
for gland identification24. Pedersonet al. used a portable 
gamma camera in 13 patients undergoing neck central 
compartment surgery to identify and preserve parathyroid 
glands, using sestamibi as the radio-tracing agent. In six 
cases the radioisotope was found in the surgical speci-
men, allowing for prompt reimplantation25. Yao et al. 
performed a double-blind retrospective study in which 
five pathologists re-examined 50 biopsy and TIP (touch 
imprint preparation) products of supposedly parathyroid 
tissue obtained during thyroidectomy. Diagnosis was 
unanimous in 33 (66%) cases. The authors concluded 
that the technical problems commonly seen on TIP were 
associated to difficulties in interpretation and technical 
preparation26. Rohaizak et al. conducted a prospective 
cytology intraoperative study through tissue scraping and 
the technique identified 25 out of 29 glands, with 88.2% 
accuracy and 100% specificity27. Guimarães prospectively 
studied 125 patients through contact endoscopy; 331 glan-
ds were found by surgeons and 282 by endoscopy. Nine 
(7.2%) PT were found among surgical specimens. The 
Kappa correlation index comparing the findings made by 
surgeons and contact endoscopy was of 0.534. The longer 
it took for surgery to be completed (p=0.03) and the time 
to locate and identify the gland (p=0.00), the smaller was 
the observed agreement. As the use of endoscopy entered 
its second year, greater agreement was found (p=0.02). All 

17 autotransplanted glands were identified through contact 
endoscopy and confirmed through frozen biopsy28. Grubb-
set al. used a gamma probe to identify parathyroid glands 
tagged with sestamibi during neck central compartment 
surgery in 54 patients; the method was useful in 20 cases, 
nine of which in vivo and 11 in surgical specimens in which 
the gland had been accidentally removed. This method 
was particularly recommended in cases of reoperation29.

Parathyroid removal was seen in 17.7% of the 
patients submitted to thyroidectomy; in 86% of the cases 
the removal was unintentional. In this case or when gland 
vasculature is compromised, autoimplantation is strongly 
recommended instead of in situ preservation, mainly when 
two or more parathyroid glands are involved7. When there 
is doubt as to the nature of the tissue, frozen sections can 
be analyzed for confirmation. This technique consists of 
slicing gland tissue in 1mm fragments (usually resulting 
in 10 to 20 specimens) and inserting them in individual 
pouches within the ipsilateral sternocleidomastoid muscle, 
followed by suturing with non-absorbing thread on the 
muscle after autoimplantation30.

The experience of the surgical team was shown 
to be a risk factor in a multicenter study: the greater the 
volume of surgery the lower was the rate of hypopara-
thyroidism31.

An interesting finding in our series was the statistical 
significance encountered between laboratorial hypopara-
thyroidism detection within 48 hours and one month into 
follow-up. This finding suggests the need for oral calcium 
replacement when complications are found early on. On 
the other hand, when tests are normal after 48 hours, 
none of the patients evolved to hypoparathyroidism at a 
later time.

CONCLUSION

The extension of the thyroid resection procedure 
is a risk factor for the onset of clinical and laboratorial 
hypoparathyroidism, while age above 50 years is a risk 
factor for clinical hypoparathyroidism. Laboratorial hypo-
parathyroidism detected at 48 hours into follow-up is a 
predisposing factor for laboratorial hypoparathyroidism 
one month into postoperative care. On the other hand, 
10 of the 16 patients with hypoparathyroidism at 48 hours 
had normal serum ionic calcium levels one month into 
postoperative care, characterizing the transient nature of 
this disease in most of the cases.

REFERENCES

 1. Chia SH, Weisman RA, Tieu D, Kelly C, Dillmann WH, Orloff LA. 
Prospective study of perioperative factors predicting hypocalcemia 
after thyroid and parathyroid surgery. Arch Otolaryngol Head Neck 
Surg. 2006;132(1):41-5.

 2. Falk SA, Birken EA, Baran DT. Temporary postthyroidectomy hypo-
calcemia. Arch Otolaryngol Head Neck Surg 1988;114(2):168-74.



77

Brazilian Journal of otorhinolaryngology 76 (1) January/feBruary 2010
http://www.bjorl.org  /  e-mail: revista@aborlccf.org.br

 3. Percival RC, Hargreaves AW, Kanis JA. The mechanism of hypo-
calcaemia following thyroidectomy. Acta Endocrinol (Copenh). 
1985;109(2):220-6.

 4. Wingert DJ, Friesen SR, Iliopoulos JI, Pierce GE, Thomas JH, Hermreck 
AS. Post-thyroidectomy hypocalcemia. Incidence and risk factors. Am 
J Surg. 1986;152(6):606-10.

 5. Thomusch O, Machens A, Sekulla C, Ukkat J, Brauckhoff M, Dralle 
H. The impact of surgical technique on postoperative hypopara-
thyroidism in bilateral thyroid surgery: a multivariate analysis of 5846 
consecutive patients. Surgery. 2003;133(2):180-5.

 6. Güllüoglu BM, Manukyan MN, Cingi A, Yegen C, Yalin R, Aktan 
AO. Early prediction of normocalcemia after thyroid surgery. World 
J Surg. 2005;29(10):1288-93.

 7. Sakorafas GH, Stafyla V, Bramis C, Kotsifopoulos N, Kolettis T, 
Kassaras G. Incidental parathyroidectomy during thyroid surgery: 
an underappreciated complication of thyroidectomy. World J Surg. 
2005;29(12):1539-43.

 8. Olson JA, DeBenedetti MK, Baumann DS, Wells SA. Parathyroid auto-
transplantation during thyroidectomy. Results of long-term follow-up. 
Ann Surg. 1996;223(5):472-8; discussion 478-80.

 9. Rimpl I, Wahl RA. [Surgery of nodular goiter: postoperative hypo-
calcemia in relation to extent of resection and manipulation of the 
parathyroid glands] Chirurgie der Knotenstruma: Postoperative Hypo-
calcaemie in Abhängigkeit von Resektionsausmass und Handhabung 
der Nebenschilddrüsen. Langenbecks Arch Chir Suppl Kongressbd. 
1998;115:1063-6.

10. Demeester-Mirkine N, Hooghe L, Van Geertruyden J, De Maertelaer 
V. Hypocalcemia after thyroidectomy. Arch Surg .1992;127(7):854-8.

11. PPattou F, Combemale F, Fabre S, Carnaille B, Decoulx M, Wemeau 
JL et al. Hypocalcemia following thyroid surgery: incidence and 
prediction of outcome. World J Surg. 1998;22(7):718-24.

12. Erbil Y, Barbaros U, Temel B, Turkoglu U, Issever H, Bozbora A et 
al. The impact of age, vitamin D(3) level, and incidental parathyroi-
dectomy on postoperative hypocalcemia after total or near total 
thyroidectomy. Am J Surg. 2009;197(4):439-46.

13. Campana FP, Marchesi M, Biffoni M, Tartaglia F, Nuccio G, Stocco F 
et al. [Total thyroidectomy technique: suggestions and proposals of 
surgical practice] Tecnica della tiroidectomia totale. Suggerimenti e 
proposte di pratica chirurgica. Ann Ital Chir. 1996;67(5):627-35.

14. Gough IR, Wilkinson D. Total thyroidectomy for management of 
thyroid disease. World J Surg. 2000;24(8):962-5.

15. Aluffi P, Aina E, Bagnati T, Toso A, Pia F. [Prognostic factors for de-
finitive hypoparathyroidism following total thyroidectomy] Factores 
pron osticos de hipoparatiroidismo definitivo tras tiroidectom ia total. 
Acta Otorrinolaringol Esp. 2008;59(7):321-4.

16. Nies C, Sitter H, Zielke A, Bandorski T, Menze J, Ehlenz K et al. Pa-
rathyroid function following ligation of the inferior thyroid arteries 
during bilateral subtotal thyroidectomy. Br J Surg. 1994;81(12):1757-9.

17. Loré JM, Pruet CW. Retrieval of the parathyroid glands during thyroi-
dectomy. Head Neck Surg. 1983;5(3):268-9.

18. Esselstyn CB. The parathyroid blush in the identification of para-
thyroid glands. Am J Surg. 1974;127(5):622.

19. Silverberg SG. Imprints in the intraoperative evaluation of parathyroid 
disease. Arch Pathol. 1975;99(7):375-8.

20. Romão LA. Utilização do azul de metileno na identificação das 
glândulas paratireoides: estudo experimental no cão. Acta Cir Bras. 
1986;1(4):29-41.

21. Kuhel WI, Carew JF. Parathyroid biopsy to facilitate the preservation 
of functional parathyroid tissue during thyroidectomy. Head Neck. 
1999;21(5):442-6.

22. Perrier ND, Ituarte P, Kikuchi S, Siperstein AE, Duh QY, Clark OH 
et al. Intraoperative parathyroid aspiration and parathyroid hormone 
assay as an alternative to frozen section for tissue identification. World 
J Surg. 2000;24(11):1319-22.

23. Sofola IO, Pazos GA, Buttolph TB, Casler JD, Leonard DW. The 
Cytoscan model E-II in intraoperative parathyroid gland identification 
in a rabbit model. Otolaryngol Head Neck Surg. 2001;125(6):635-9.

24. Shidham VB, Dravid NV, Grover S, Kher AV. Role of scrape cytology 
in rapid intraoperative diagnosis. Value and limitations. Acta Cytol. 
1984;28(4):477-82.

25. Pederson LC, Shapiro SE, Fritsche HA, Delpassand ES, Gagel RF, 
Sherman SI et al. Potential role for intraoperative gamma probe iden-
tification of normal parathyroid glands. Am J Surg. 2003;186(6):711-7. 

26. Yao DX, Hoda SA, Yin DY, Kuhel WI, Harigopal M, Resetkova E 
et al. Interpretative problems and preparative technique influence 
reliability of intraoperative parathyroid touch imprints. Arch Pathol 
Lab Med. 2003;127(1):64-7.

27. Rohaizak M, Munchar MJ, Meah FA, Jasmi AY. Prospective study 
comparing scrape cytology with frozen section in the intraoperative 
identification of parathyroid tissue. Asian J Surg. 2005;28(2):82-5.

28. Guimarães AV. Uso da endoscopia de contato para a identificação das 
glândulas paratireoides durante a tireoidectomia. [Tese] São Paulo: 
Universidade de São Paulo.

29. Grubbs EG, Mittendorf EA, Perrier ND, Lee JE. Gamma probe iden-
tification of normal parathyroid glands during central neck surgery 
can facilitate parathyroid preservation. Am J Surg. 2008;196(6):931-5.

30. Barczynski M, Cichon S, Konturek A, Cichon W. Applicability of 
intraoperative parathyroid hormone assay during total thyroidectomy 
as a guide for the surgeon to selective parathyroid tissue autotrans-
plantation. World J Surg. 2008;32(5):822-8.

31. Sosa JA, Bowman HM, Tielsch JM, Powe NR, Gordon TA, Udelsman 
R. The importance of surgeon experience for clinical and economic 
outcomes from thyroidectomy. Ann Surg. 1998;228(3):320-30.


