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Abstract

Introduction

Postoperative hypocalcemia is the most common complication of thyroidectomy. Incidental

parathyroidectomy (IP) was thought to be associated with postoperative hypocalcemia.

However, according to previous studies, the risk factors and clinical outcomes of IP remain

controversial.

Methods

Eligible studies were searched in databases including PubMed, Web of Science, and

EMBASE from January 1990 to September 2017. Articles focusing on the relationship

between IP and postoperative hypocalcemia were included. The risk of publication bias was

assessed using Begg’s test and Egger’s regression asymmetry test. Pooled analysis was

performed to evaluate the effect of IP on postoperative hypocalcemia and related risk fac-

tors. Sensitivity analysis was also conducted to test the stability of our results. The effects of

hypocalcemia type, permanent definition, IP incidence, total thyroidectomy, and malignancy

operation were also examined using a further subgroup analysis.

Results

Thirty-five studies were finally included in the analysis after an exhaustive literature review.

Pathology data demonstrate that incidental parathyroidectomy occurred in various loca-

tions: intrathyroidal (2.2–50.0%), intracapsular (16.7–40.0%) and extracapsular (15.7–

81.1%) regions. Overall, the analysis found that malignancy (RR = 1.60, 95% CI: 1.27 to

2.02; p< 0.0001), central neck dissection (RR = 2.35, 95% CI: 1.47 to 3.75; p = 0.0004), total

thyroidectomy (RR = 1.42, 95% CI: 1.20 to 1.67; p< 0.0001) and reoperation (RR = 1.81,

95% CI: 1.20 to 2.75; p = 0.005) were significant risk factors of IP in thyroid surgery. There

was an obvious effect of IP on temporary/permanent (RR = 1.59, 95% CI: 1.37 to 1.84; p<
0.0001) and permanent (RD = 0.0220, 95% CI: 0.0069 to 0.0370; p = 0.0042) postoperative
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hypocalcemia. Sensitivity analysis showed that these results were robust. The subgroup

analysis found that IP played a significant role in both biochemical and clinical hypocalcemia

in thyroidectomy (p < 0.0001 and p = 0.0003, separately). The association of IP and perma-

nent hypocalcemia using different definitions (6 months or more than 12 months) was also

confirmed by the analysis. IP increased the incidence of temporary/permanent and perma-

nent hypocalcemia for cases undergoing total thyroidectomy (40.4% vs 24.8% and 5.8% vs

1.4%, respectively). Thyroidectomy with IP was associated with more permanent hypocal-

cemia (RR = 3.10, 95% CI: 2.01 to 4.78; p< 0.0001) in malignant cases but was not associ-

ated with temporary/permanent hypocalcemia.

Conclusions

Malignancy, central neck dissection, total thyroidectomy and reoperation were found to be

significant risk factors of IP. IP increases the risk of postoperative hypocalcemia after thy-

roidectomy. We recommend a more meticulous intraoperative identification of parathyroid

gland in thyroidectomy to reduce IP, particularly for total thyroidectomy and malignancy

cases.

Introduction

Thyroidectomy is a widely used and relatively safe procedure having a major postoperative

morbidity of less than 5% for experienced surgeons.[1] Major complications include recurrent

laryngeal nerve injury, postoperative hemorrhage and hypocalcemia.[2] Among these, hypo-

calcemia is the most common complication, with an incidence of 7–51%.[3–5] The quality of

life is decreased in patients suffering from postoperative hypocalcemia, particularly in those

suffering from clinical hypocalcemia. Moreover, prolonged or long-term calcium supplemen-

tation might be necessary for transient or permanent hypocalcemia. Surgical trauma, devascu-

larization, extent of surgery, and incidental parathyroidectomy (IP) have been found to affect

postoperative hypocalcemia.[2, 4, 6]

IP has been defined as parathyroid tissue found in a postoperative specimen and occurs in

6–28% of thyroidectomy.[3–5] Even with careful dissection and sufficient anatomical knowl-

edge, the identification and in situ preservation of parathyroid tissue remains challenging.

There are several anatomic variants of parathyroid glands, particularly of the inferior parathy-

roid.[7] Parathyroid glands are usually surrounded by fat and connective tissue, and this can

be excised as thyroid, lymph or fat tissue. Some studies have shown that pathology type, proce-

dure extent, reoperation and central neck dissection are risk factors of IP in thyroidectomy.[4,

8] However, these relationships have not been found in all studies.[9–11]

The influence of IP on postoperative hypocalcemia remains controversial. Some studies

have found an increased risk of postoperative hypocalcemia in IP patients, particularly of bio-

chemical hypocalcemia.[4, 11, 12] However, other studies have found no significant relation-

ship between IP and postoperative hypocalcemia.[13–15] This difference might be caused by

the use of different definitions for postoperative hypocalcemia and for biochemical or clinical

hypocalcemia. Further attention has been paid to permanent hypocalcemia. Most researchers

have found only negative results, and this might be caused by the relatively low incidence of

permanent hypocalcemia and insufficient sample sizes.[16–18] Nevertheless, some researchers

have found a significant effect of IP on permanent hypocalcemia.[4, 5] Several confounding
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factors were involved in these results, such as the definition of permanent hypocalcemia, pro-

cedure extent, and pathology type. Based on these considerations, we conducted a systematic

review and integrated related data to identify the risk factors of IP and the effect of IP on post-

operative hypocalcemia in thyroidectomy. Further subgroup analyses were also performed to

assess related factors that were mentioned in previous studies.

Materials and methods

Search strategy and selection criteria

We performed a comprehensive literature search of MEDLINE (PubMed), BIOSIS Previews

(ISI Web of Knowledge) and the Cochrane library from January 1990 to September 2017. We

also manually added relevant articles by reviewing the references. Search terms included: "inci-

dental parathyroidectomy" or "unintentional parathyroidectomy" or "inadvertent parathyroid-

ectomy", "thyroidectomy" or "thyroid surgery" or "thyroid resection", and "hypocalcemia" or

"hypocalcemia" or "hypoparathyroidism". The studies included were confined to randomized

controlled trials and case control studies and cohort studies with convertible effects data of IP

in thyroidectomy. Studies that did not define postoperative hypocalcemia or permanent hypo-

calcemia were excluded. For postoperative hypocalcemia, data that were collected with a clear

distinction between biochemical and clinical hypocalcemia were included. Most of the

included papers only defined hypocalcemia and permanent hypocalcemia and did not define

transient hypocalcemia. For this reason, transient hypocalcemia is not discussed in this study.

We defined temporary/permanent hypocalcemia as any hypocalcemia occurring after thyroid-

ectomy, regardless of hypocalcemia duration, to ensure that we could present and discuss the

data appropriately. For permanent hypocalcemia, we only included data for which permanent

hypocalcemia was defined as lasting more than 6 months, consistent with relevant studies.[4,

18] If several papers extracted data from the same population, we only included the most

recent. Paper selection involved four steps, including identification, screening, the determina-

tion of eligibility and inclusion. For identification, we found papers through searching the

databases, and duplicate papers were determined based on title, author and abstract. There

was no disagreement in this step. At the screening and eligibility steps, some disagreement

existed among us, with Kappa values of 0.8922 and 0.8256.

Data extraction and quality assessment

Data were independently extracted by two authors (BL Bai and WZ Chen). Detailed informa-

tion was recorded on first author, year of publication, location, study type, pathology type, pro-

cedure extent, biochemical or clinical hypocalcemia, definition of permanent hypocalcemia,

the number and location of parathyroid glands found in the specimen, the number of case and

control groups, the event of malignancy, central neck dissection, reoperation, total thyroidec-

tomy, temporary/permanent and permanent hypocalcemia, and Newcastle-Ottawa Scale score

(NOS). The Newcastle-Ottawa Scale for Quality was used to assess the included cohort studies,

yielding a minimum score of 0 and a maximum score of 9.[19] There were three sections in

the NOS; selection, comparability and outcome. We modified some features in the sections

relating to comparability and outcome. For the section on comparability, one score was used

for study controls for basic characters, such as age, gender and histopathology. Another score

was used for study controls for the additional factor of surgery extent. For the outcome section,

one score was used for a study follow-up of more than 6 months. We considered a follow-up

in which fewer than 10% of the cohort was lost as small and unlikely to introduce bias.
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Statistical methods

Meta-analysis was performed under the R environment 3.4.1 in the Meta package 4.8–3.[20]

In accordance with recommendations of the Cochrane Collaboration, risk ratio (RR), risk dif-

ference (RD) and confidence interval (CI) were calculated using the random-effects model

using an inverse variance weight to compare the difference.[21–23] If zero events happened in

both the experimental and control groups, the pooled RD estimates and 95% CIs were applied.

Otherwise, RR was applied. RR below one or RD below zero indicates a benefit of the experi-

mental intervention. We estimated 95% CI from the 2.5th and 97.5th percentiles of the poste-

rior distribution and calculated two-sided p values from the posterior distribution. If the 95%

CI does not contain the valid value 0 for RD or 1 for RR, the result is considered to represent a

significant difference. Publication bias was assessed using funnel plots, Begg’s test and Egger’s

regression asymmetry test.[24] The heterogeneity between trials was estimated from the

median between-trial variance (τ2) observed in the posterior distribution. Meta-regression

analysis was conducted to assess the causes of heterogeneity.[25]

Results

Description of studies

A total of 236 articles were identified through the literature search. After duplicates were

removed, 210 articles were included for screening. Among these, 62 eligible full-text articles

were selected after carefully checking the titles and abstracts.(Fig 1) However, we excluded 27

of the 62 articles because they contained unconvertible data (4 articles)[26–29], lacked hypo-

calcemia data for the control group (8 articles)[30–37], duplicated data derived from same cen-

ter (6 articles), or did not give a clear definition of hypocalcemia (9 articles)[38–46]. Finally, 35

articles were included in the systematic review and meta-analysis.[3–5, 8–18, 47–67] Details

on first author, year of publication, location, study type, pathology, procedure extent, the defi-

nition of permanent hypocalcemia and NOS score were recorded. (Table 1) Two prospective

cohorts and 33 retrospective cohorts were included in our study. The pathology was divided

into benign and malignant cases. Two studies included only benign cases, 7 studies included

only malignant cases, and the remaining 26 studies included both benign and malignant cases.

The procedures used in the included studies were diverse. Twelve studies focused their discus-

sion on total thyroidectomy. Twenty-three studies defined permanent hypocalcemia as having

a duration of more than 6 months. The NOS of the included studies ranged from 6 to 9, sug-

gesting that the studies were of acceptable quality. The main characteristics of the studies that

were excluded based on the full-text article assessment are shown in S1 Table.

The distribution of IP among the different high-risk groups is shown in Table 2. Data

regarding malignancy were available in 18 studies, data on central neck dissection were avail-

able in 12 studies, data on reoperation were available in 4 studies, and data on total thyroidec-

tomy were available in 12 studies. In total, 2033 IP relating to 16423 cases were included in our

analysis, with an average incidence of 12.4%. (S2 Table) Regarding temporary/permanent

postoperative hypocalcemia, data on biochemical hypocalcemia were available in 22 studies,

and data on clinical hypocalcemia were available in 14 studies. Among these studies, 8 exhib-

ited both biochemical and clinical hypocalcemia.

Publication bias, sensitivity analysis and heterogeneity assessment

Begg’s and Egger’s test were conducted to assess publication bias in this meta-analysis. In the

risk factor analysis, all tests found no significance for malignancy, central neck dissection, or

total thyroidectomy. For the analysis of reoperation, the number of studies was too small to
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conduct Begg’s or Egger’s test. None of the tests showed significance for temporary/permanent

postoperative hypocalcemia (Begg’s p = 0.4769 and Egger’s p = 0.253) or permanent hypocal-

cemia (Begg’s p = 0.6534 and Egger’s p = 0.1139). The funnel plot of temporary/permanent

postoperative hypocalcemia and permanent hypocalcemia was somewhat asymmetric, indicat-

ing some publication bias in the analysis. (S1 and S2 Figs) The meta-analysis was recalculated

after omitting every record included in the analysis to check the sensitivity of our overall
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Table 1. Main characteristic of included studies.

Author Year Location Study

type

Pathology Procedure

extent

Biochemical

hypocalcemia

definition

Clinical

hypocalcemia

definition

Permanent

measurement

Permanent

duration

NOS

score

Sasson[62] 2001 USA RC Benign &

Malignant

TT, ST, LB NS Symptom� Symptom� 12 months 8

Sakorafas

[61]

2005 Greece RC Benign &

Malignant

TT, NT, LB,

ST

sCa<8.0mg/dL Symptom� Symptom� 12 months 7

Gourgiotis

[13]

2006 Greece RC Benign &

Malignant

TT, NT, LB sCa<8.0mg/dL NS NS - 7

Abboud[47] 2007 Lebanon RC Benign &

Malignant

TT, NT, LB sCa<8.0mg/dL Symptom� NS - 8

Cavicchi[49] 2007 Italy PC Benign &

Malignant

UT, BT NS Symptom� NS - 6

Irkorucu[51] 2007 Turkey RC Benign &

Malignant

TT, NT, LB,

ST

NS Symptom� NS - 7

Page[14] 2007 France RC Benign only TT sCa<8.0mg/dL SNS sCa<8.0mg/

dL

24 months 7

Sippel[64] 2007 USA RC Benign &

Malignant

TT, CT, ST,

LB

sCa<8.0mg/dL Symptom� NS - 7

Manouras

[54]

2008 Greece RC Benign &

Malignant

TT sCa<8.5mg/dL NS NS - 9

Erbil[50] 2009 Turkey RC Benign only TT, NT sCa<8.0mg/dL NS NS - 8

Rajinikanth

[60]

2009 India RC Benign &

Malignant

TT, CT sCa<8.0mg/dL NS Medication# 6 months 7

Sorgato[8] 2009 Italy RC Benign &

Malignant

TT, CT, ST,

LB

sCa<8.4mg/dL NS Medication# 12 months 8

Turanli[66] 2009 Turkey RC Malignant

only

TT, ST, CT NS NS Medication# 6 months 6

Ondik[56] 2010 USA RC Malignant

only

CT NS Symptom� Medication# 6 months 8

Spiliotis[3] 2010 Greece RC Benign &

Malignant

TT, ST sCa<8.0mg/dL NS NS - 7

Youssef[9] 2010 Egypt RC Benign &

Malignant

UT, BT sCa<8.0mg/dL Symptom� NS - 8

Khairy[10] 2011 Saudi

Arabia

RC Benign &

Malignant

TT, CT, ST,

LB

sCa<8.0mg/dL NS sCa<8.0mg/

dL

6 months 8

Qasaimeh

[59]

2011 Jordan RC Benign &

Malignant

TT, ST, LB sCa<8.0mg/dL NS Medication# 6 months 8

Kalyoncu

[52]

2013 Turkey RC Benign &

Malignant

TT, NT, ST sCa<8.0mg/dL NS Medication# 6 months 6

Nair[55] 2013 India RC Benign &

Malignant

TT sCa<8.0mg/dL NS Medication# 6 months 7

Paek[12] 2013 Korea RC Malignant

only

TT NS Symptom� Medication# 12 months 7

Sheahan[63] 2013 Ireland PC Benign &

Malignant

TT sCa<8.0mg/dL Symptom� Medication# 6 months 7

Del Rio[16] 2014 Italy RC Benign &

Malignant

TT NS NS Medication# 12 months 6

Pergel[58] 2014 Turkey RC Benign &

Malignant

TT NS NS sCa<8.0mg/

dL

6 months 7

Prazenica

[17]

2014 Czech

Republic

RC Benign &

Malignant

TT, CT, LB sCa<8.0mg/dL NS Medication# 12 months 8

Song[65] 2014 Korea RC Malignant

only

TT sCa<8.0mg/dL NS Medication# 6 months 9

(Continued)
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results. As shown in S3 and S4 Figs, the results for temporary/permanent and permanent

hypocalcemia were robust after omitting each of the records in turn. Three variables were

included in the meta-regression analysis; continent, year of study and NOS. We found that all

three factors did not have any impact on the findings and did not explain the observed hetero-

geneity in the analysis. Only the continent of Europe might partly explain the heterogeneity

found for permanent hypocalcemia, having a p value of 0.0898. (S3 Table) Further analysis of

European studies found no significant effect for permanent hypocalcemia (RD = 0.0058; 95%

CI: -0.0121 to 0.0236; p = 0.5261). Another analysis of non-European articles showed that IP

had a significant effect on permanent hypocalcemia (RD = 0.0307; 95%CI: 0.0116 to 0.0497;

p = 0.0016).

Pathology results

Detailed pathology data are listed in S4 Table. Only one parathyroid gland was incidentally

excised in the majority of IP cases, while two or more parathyroid glands were found postoper-

atively in the remaining 6.4–20.0% of cases. The location of parathyroid gland in the specimens

was diverse. In total, 2.2–50.0% of parathyroid glands were identified in an intrathyroidal loca-

tion, 16.7–40.0% were identified in an intracapsular location, and 15.7–81.1% were identified

in an extracapsular location. (S4 Table)

Risk factors of IP

To identify the risk factors of IP, we collected IP incidence data by examining factors such as

malignancy, central neck dissection, total thyroidectomy and reoperation. (Table 3) The risk

Table 1. (Continued)

Author Year Location Study

type

Pathology Procedure

extent

Biochemical

hypocalcemia

definition

Clinical

hypocalcemia

definition

Permanent

measurement

Permanent

duration

NOS

score

Lee[53] 2015 Korea RC Malignant

only

TT sCa<8.0mg/dL Symptom� NS - 6

Wang[67] 2015 China RC Benign &

Malignant

TT sCa<8.8mg/dL NS Medication# 12 months 6

Applewhite

[48]

2016 USA CC Benign &

Malignant

TT sCa<8.2mg/dL Symptom� NS - 9

Manatakis

[11]

2016 Greece RC Benign &

Malignant

TT sCa<8.0mg/dL Symptom� Medication# 6 months 9

Ozemir[57] 2016 Turkey RC Benign &

Malignant

TT, CT, LB sCa<8.5mg/dL NS Medication# 12 months 6

Zhou[18] 2016 USA RC Benign &

Malignant

TT, CT, LB NS NS Medication# 6 months 8

Du[15] 2017 China RC Malignant

only

TT+CND NS Symptom� NS - 8

Lin[4] 2017 Taiwan RC Benign &

Malignant

TT, ST, LB sCa<8.0mg/dL NS Medication# 6 months 8

Sitges-Serra

[5]

2017 Spain PC Malignant

only

TT+CND sCa<8.0mg/dL NS Medication# 12 months 9

Abbreviation: RC, retrospective cohort; PC prospective cohort; TT total thyroidectomy; ST subtotal thyroidectomy; CT completion thyroidectomy; LB lobectomy; NT

near-total thyroidectomy; CND central neck dissection; UT unilateral thyroidectomy; BT bilateral thyroidectomy; NOS, Newcastle-Ottawa Scale; sCa serum calcium

level; PTH

� Symptom: hypocalcemic Symptom� including paraesthesia, muscle cramping, perioral numbness or tingling.
# Medication: medication requirement of calcium and/or vitamin D.

https://doi.org/10.1371/journal.pone.0207088.t001
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of IP in thyroidectomy was significantly higher for malignancy cases (RR = 1.60; 95% CI: 1.27

to 2.02; p< 0.0001). Central neck dissection was found to be associated with higher risk of IP

in thyroidectomy (RR = 2.35; 95% CI: 1.47 to 3.75; p = 0.0004). The rate of total thyroidectomy

in IP (57.2%) was obviously higher than that in non-IP (38.0%) cases. Four studies reported

data on reoperation rate. Meta-analysis of these data showed that reoperation influenced the

incidence of IP in thyroidectomy (RR = 1.81; 95% CI: 1.20 to 2.75; p<0.005).

Temporary/permanent postoperative hypocalcemia

Temporary/permanent postoperative hypocalcemia data were available in 28 studies after

excluding studies without a clear hypocalcemia definition. When calculating the overall effect,

we pooled all data regardless of whether the hypocalcemia was biochemical or clinical. For 8

studies containing both biochemical and clinical hypocalcemia, we preferentially selected bio-

chemical hypocalcemia for the overall effect analysis. The overall analysis found a significantly

higher risk of temporary/permanent postoperative hypocalcemia in IP cases (Fig 2), with an

RR of 1.59 (95% CI: 1.37 to 1.84; p< 0.0001). Subgroup analysis was performed according to

factors of concern (Table 4). An analysis only including biochemical hypocalcemia showed

that IP was associated with a higher risk of postoperative hypocalcemia (RR = 1.70; 95% CI:

1.45 to 1.99; p< 0.0001). Fourteen studies reported data on clinical hypocalcemia. Further sub-

group analysis found that IP increased the risk of clinical hypocalcemia in thyroidectomy with

Table 2. The distribution of IP risk factors.

Author Year Case, n Malignancy, n Central neck

dissection, n

Reoperation, n Total

thyroidectomy,

n

IP Non-IP IP Non-IP IP Non-IP IP Non-IP IP Non-IP

Sasson[62] 2001 21 120 11 62 5 10 - - 12 57

Sakorafas[61] 2005 28 130 4 40 - - - - - -

Gourgiotis[13] 2006 68 247 10 65 - - - - - -

Abboud[47] 2007 38 269 9 54 3 13 - - 13 90

Irkorucu[51] 2007 10 263 2 13 - - - - - -

Sippel[64] 2007 33 480 17 120 3 14 3 14 14 110

Manouras[32] 2008 100 408 16 66 - - - — - -

Erbil[50] 2009 48 392 - - - - - - 14 97

Rajinikanth[60] 2009 47 317 30 120 13 41 - - - -

Sorgato[8] 2009 70 812 37 203 28 141 - - 64 610

Turanli[66] 2009 25 392 - - - - 14 92 - -

Ondik[56] 2010 13 29 - - 5 21 - - - -

Spiliotis[3] 2010 32 283 14 21 - - - - 18 83

Youssef[9] 2010 26 181 9 26 - - - - 16 108

Khairy[10] 2011 47 240 19 104 2 15 - - 30 61

Qasaimeh[59] 2011 20 213 6 16 - - - - 8 97

Prazenica[17] 2014 58 1010 7 96 7 64 - - 52 704

Song[65] 2014 90 364 - - 86 246 - - - -

Applewhite[48] 2016 283 271 197 158 80 20 - - - -

Manatakis[11] 2016 70 211 23 63 - - - - - -

Zhou[18] 2016 78 308 37 43 25 15 4 21 56 185

Lin[4] 2017 204 2982 80 540 40 73 28 255 89 567

Abbreviation: IP incidental thyroidectomy.

https://doi.org/10.1371/journal.pone.0207088.t002
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Table 3. Risk factors of IP.

Risk factors IP, n Non-IP, n RR [95% CI] p value Number of studies

Events Cases Events Cases

Malignancy 528 1233 1810 8745 1.60 [1.27; 2.02] < 0.0001 18

Central neck dissection 297 982 673 7202 2.35 [1.47; 3.75] 0.0004 12

Total thyroidectomy 386 675 2769 7290 1.42 [1.20; 1.67] < 0.0001 12

Reoperation 49 340 382 4162 1.81 [1.20; 2.75] 0.005 4

Abbreviation: IP, incidental thyroidectomy; RR, risk ratio; CI, confidence interval.

https://doi.org/10.1371/journal.pone.0207088.t003
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Fig 2. Forest plot of temporary/permanent postoperative hypocalcaemia.

https://doi.org/10.1371/journal.pone.0207088.g002
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an RR of 1.54 (95% CI: 1.22 to 1.94; p = 0.0003). To study the influence of IP incidence on

hypocalcemia, we divided all data into two groups according to the average IP incidence of

12.4% (>12.4% and < = 12.4%). The analysis showed a significant result in both groups. Total

thyroidectomy and malignancy were found to be high risk factors of IP. A specific analysis of

cases undergoing total thyroidectomy confirmed the influence of IP on temporary/permanent

postoperative hypocalcemia. Data on malignancy were reported in only 5 studies. A compara-

ble incidence of temporary/permanent hypocalcemia was identified between IP and non-IP

cases.

Permanent hypocalcemia

Due to the low incidence of permanent hypocalcemia, the number of events in several studies

was zero for both IP and non-IP. We introduced RD to identify the difference between two

groups in accordance with the recommendations of the Cochrane Collaboration. As shown in

Fig 3, the overall analysis of 23 studies found that IP was significantly associated with perma-

nent hypocalcemia (RD = 0.0220; 95% CI: 0.0069 to 0.0370; p = 0.0042). Considering the dif-

ferent definitions of permanent hypocalcemia, we performed separate analyses of cases with

definitions of permanent hypocalcemia as being 6 months or longer than 12 months (Table 3).

For studies in which the definition was 6 months, the incidence of permanent hypocalcemia in

IP (6.7%) was much higher than that in non-IP (2.2%) cases, with an RD of 0.0243 (95% CI:

0.0001 to 0.0486; p = 0.0495). For studies in which the definition of permanent hypocalcemia

was hypocalcemia lasting longer than 12 months, the influence of IP on permanent hypocalce-

mia was confirmed (p = 0.0422). A significant association was found between IP and perma-

nent hypocalcemia in studies with an IP incidence >12.4% but not in studies with an IP

incidence of 12.4% or lower. Subgroup analysis of high risk factors found a significant effect of

Table 4. Subgroup analysis of hypocalcaemia type, permanent definition, IP incidence, total thyroidectomy and malignancy.

Subgroups IP, n Non-IP, n RR [95% CI] or RD [95% CI] p value Number of studies

Events Cases Events Cases

Temporary/permanent hypocalcemia, hypocalcaemia type

Biochemical 495 1305 1860 9625 1.67 [1.43; 1.96] < 0.0001 22

Clinical 154 806 494 3396 1.54 [1.22; 1.94] 0.0003 14

Permanent hypocalcaemia, duration of permanent definition

6 months 45 672 142 6556 0.0243 [0.0001; 0.0486] 0.0495 13

�12 months 35 605 76 4089 0.0200 [0.0007; 0.0393] 0.0422 10

Incidence of IP < 12%

Total hypocalcaemia 197 577 1493 7859 1.79 [1.36; 2.36] < 0.0001 13

Permanent hypocalcaemia 35 503 163 7750 0.0163 [-0.0122; 0.0449] 0.2626 11

Incidence of IP� 12%

Total hypocalcaemia 387 1021 758 3395 1.51 [1.36; 1.66] < 0.0001 15

Permanent hypocalcaemia 45 774 55 2895 0.024 [0.0075; 0.0405] 0.0044 12

Total thyroidectomy

Total hypocalcaemia 311 769 753 3033 1.45 [1.17; 1.80] 0.0007 10

Permanent hypocalcaemia 34 590 50 3561 0.0201 [0.0006; 0.0397] 0.0429 10

Malignancy

Total hypocalcaemia 98 272 293 946 1.16 [0.84; 1.60] 0.3628 5

Permanent hypocalcaemia 32 329 54 1285 3.10 [2.01; 4.78] < 0.0001 5

Abbreviation: IP incidental thyroidectomy; RR, risk ratio; RD, risk difference; CI, confidence interval.

https://doi.org/10.1371/journal.pone.0207088.t004

A meta-analysis on risk factors and outcomes of incidental parathyroidectomy in thyroidectomy

PLOS ONE | https://doi.org/10.1371/journal.pone.0207088 November 9, 2018 10 / 17

https://doi.org/10.1371/journal.pone.0207088.t004
https://doi.org/10.1371/journal.pone.0207088


IP on permanent hypocalcemia in total thyroidectomy (RD = 0.0201; 95% CI: 0.0006 to

0.0397; p = 0.0429) and malignancy (RR = 3.10; 95% CI: 2.01 to 4.78; p<0.0001) cases.

Discussion

Incidental parathyroidectomy can occur in any operation on the thyroid, even in experienced

surgeons’ hands. According to the articles included in our review, the incidence of IP in thy-

roidectomy ranged from 2.9% to 31.0%. Among the incidentally excised parathyroid glands,

2.2–50.0% were identified as intrathyroidal postoperatively, indicating that the complete elimi-

nation of IP is almost impossible. However, more meticulous intraoperative identification of

the parathyroid gland might reduce the incidence of IP because 16.7–40.0% of the incidentally

excised parathyroid glands were found in an intracapsular location and 15.7–81.1% were

found in an extracapsular location.

Much effort has been expended to identify the risk factors of IP in thyroidectomy. Lin et al.

conducted a retrospective cohort study of 3,186 thyroidectomy cases and reported an IP inci-

dence of 6.4%.[4] An analysis of this large set of sample data showed that malignancy, total thy-

roidectomy, central neck dissection and reoperation influence the incidence of IP. However, a

comparable rate of IP was observed in malignant and benign cases by several researchers.[10,

11, 54, 62] We pooled these data and confirmed that malignancy is a risk factor for IP.

Study
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Fig 3. Forest plot of permanent postoperative hypocalcaemia.

https://doi.org/10.1371/journal.pone.0207088.g003
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Malignant lesions might invade the parathyroid gland along with adjacent tissue adhesions.

There is a wider extent of operation in total thyroidectomy, and this increases the risk of inci-

dental IP. The results of our meta-analysis support this hypothesis. Controversial results have

been obtained concerning the effect of central neck dissection and reoperation on IP inci-

dence.[4, 10, 54] Our meta-analysis showed that central neck dissection and reoperation sig-

nificantly influence the incidence of IP.

Naturally, parathyroidectomy was considered to influence the function of parathyroid

gland, regardless of whether the parathyroidectomy was intentional or incidental. Hence, the

effect of IP on postoperative hypocalcemia in thyroidectomy has attracted much attention. An

increased incidence of temporary/permanent postoperative hypocalcemia and permanent

hypocalcemia in IP cases was confirmed by a high volume center experience.[4] However, Pra-

zenica et al. reviewed 1,068 thyroidectomy cases and found that IP in thyroidectomy was asso-

ciated only with temporary/permanent postoperative hypocalcemia and not with permanent

hypocalcemia.[17] Debate continued on the association between IP and postoperative hypo-

calcemia.[11, 12, 14, 65] We performed a comprehensive review of the literature and meta-

analysis of the results. A significant relationship was observed between IP and postoperative

hypocalcemia regardless of whether the hypocalcemia was temporary/permanent or

permanent.

The definitions of temporary/permanent and permanent postoperative hypocalcemia, the

incidence of IP in thyroidectomy, the extent of the procedure and the final pathologic diagno-

ses varied, possibly accounting for the difference in the results obtained when studying this

topic; thus, a further subgroup analysis was conducted. There were two different definitions of

temporary/permanent postoperative hypocalcemia: a biochemical definition and a clinical def-

inition. Although these two definitions partially overlap, the incidence of clinical hypocalcemia

(4–39%) was lower than that of biochemical hypocalcemia (3–56%). [9, 15, 48, 53, 54, 65] In

our study, IP was found to be associated with an increased incidence of temporary/permanent

hypocalcemia, regardless of whether the biochemical or clinical definition was used. Kihara

et al. followed 99 thyroidectomy cases with a detailed measure of hypocalcemia and found that

serum calcium levels returned to stability after 6 months postoperatively, indicating that a defi-

nition of permanent hypocalcemia based on 6 months was suitable.[68] In accordance with

this, our results found that IP cases increased the risk of permanent hypocalcemia as defined

based on 6 months and more than 12 months. The overall incidence of IP in all the included

studies was 12%. According to the overall IP incidence, studies were divided into high or low

IP incidence groups. For the high IP incidence group, IP was associated with both temporary/

permanent and permanent hypocalcemia. However, in the low IP incidence group, IP

increased only the risk of temporary/permanent hypocalcemia and did not increase the risk of

permanent hypocalcemia. As mentioned above, high IP incidence might be associated with

some high-risk factors, such as a large extent of the procedure and a malignant pathologic

diagnosis. Further analysis of temporary/permanent thyroidectomy cases found that IP influ-

enced both temporary/permanent and permanent postoperative hypocalcemia. For malignant

cases, IP increased only permanent hypocalcemia and did not increase temporary/permanent

hypocalcemia. However, the majority of the 5 studies focusing on malignant cases were clinical

hypocalcemia, and this should be kept in mind when interpreting this result.

There were several limitations in our study. First, the definition of permanent hypocalcemia

varied between the included studies. Although we conducted subgroup analyses of different

follow-up durations, the effect of other definitions, including continued calcium supplementa-

tion and serum calcium and serum parathormone levels, was not discussed due to insufficient

sample size. Second, confounders and heterogeneity remained in our analysis. Surgery volume

might also be a confounder in this topic because experienced high-volume surgeons might
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dissect more expertly and have greater anatomical knowledge of the parathyroid gland. In

addition, thyroid pathology experts at higher-volume centers might be better at identifying

IPs. However, few studies included relevant data. Some study included cases that received

intraoperative parathyroid gland transplantation, and this a known factor affecting postopera-

tive hypocalcemia. The influence of lymph node dissection and reoperation could also not be

eliminated because is no recognized standard for reporting this topic. Some low-quality studies

did not report data in a standardized fashion, which might also have caused the heterogeneity

and publication bias found in our analysis. Further multicenter research might be necessary to

address this issue. Sensitivity analysis, subgroup analysis, and a random-effects model were

used to address this. The interpretation of our results should be based on a sufficient under-

standing of these limitations.

Conclusion

This meta-analysis indicates that malignancy, central neck dissection, total thyroidectomy and

reoperation are significant risk factors of IP. IP was found to increase the incidence of tempo-

rary/permanent and permanent postoperative hypocalcemia. We recommend more meticu-

lous intraoperative identification of the parathyroid gland in thyroidectomy to reduce IP,

particularly for total thyroidectomy and malignant cases. This study confirms the effect of IP

on postoperative hypocalcemia and suggests that a new technique to help reduce IP is

necessary.

Supporting information

S1 Fig. Funnel plot of temporary/permanent postoperative hypocalcaemia. Studies

included in the review was shown by filled dots, while the missing studies was shown by hollow

dots.

(EPS)

S2 Fig. Funnel plot of permanent postoperative hypocalcaemia. Studies included in the

review was shown by filled dots, while the missing studies was shown by hollow dots.

(EPS)

S3 Fig. Sensitivity analysis of total postoperative hypocalcaemia.

(EPS)

S4 Fig. Sensitivity analysis of permanent postoperative hypocalcaemia.

(EPS)

S5 Fig. Location of incidentally resected parathyroid.

(EPS)

S1 Table. Main characteristic of studies excluded by full-text articles assessment.

(DOCX)

S2 Table. Incidence of total and permanent hypocalcaemia.

(DOCX)

S3 Table. Meta-regression analysis.

(DOCX)

S4 Table. Pathologic data of included studies.

(DOCX)

A meta-analysis on risk factors and outcomes of incidental parathyroidectomy in thyroidectomy

PLOS ONE | https://doi.org/10.1371/journal.pone.0207088 November 9, 2018 13 / 17

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0207088.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0207088.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0207088.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0207088.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0207088.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0207088.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0207088.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0207088.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0207088.s009
https://doi.org/10.1371/journal.pone.0207088


S1 File. PRISMA 2009 checklist.

(DOC)

S2 File. Raw data.

(XLSX)

Acknowledgments

We thank Dr. Zhiyu Li, Dr. Mao Ye and Dr Dapeng Xiang for their helpful comments.

Author Contributions

Conceptualization: Binglong Bai, Wuzhen Chen.

Data curation: Binglong Bai, Zhiye Chen, Wuzhen Chen.

Formal analysis: Wuzhen Chen.

Investigation: Binglong Bai, Wuzhen Chen.

Methodology: Binglong Bai, Wuzhen Chen.

Project administration: Wuzhen Chen.

Resources: Binglong Bai.

Software: Binglong Bai.

Visualization: Binglong Bai, Wuzhen Chen.

Writing – original draft: Binglong Bai, Wuzhen Chen.

Writing – review & editing: Binglong Bai, Wuzhen Chen.

References
1. Bergamaschi R, Becouarn G, Ronceray J, Arnaud JP. Morbidity of thyroid surgery. Am J Surg. 1998;

176(1):71–5. PMID: 9683138.

2. Rosato L, Avenia N, Bernante P, De Palma M, Gulino G, Nasi PG, et al. Complications of thyroid sur-

gery: analysis of a multicentric study on 14,934 patients operated on in Italy over 5 years. World J Surg.

2004; 28(3):271–6. https://doi.org/10.1007/s00268-003-6903-1 PMID: 14961204.

3. Spiliotis J, Vaxevanidou A, Sergouniotis F, Tsiveriotis K, Datsis A, Rogdakis A, et al. Risk factors and

consequences of incidental parathyroidectomy during thyroidectomy. Am Surg. 2010; 76(4):436–41.

PMID: 20420257.

4. Lin YS, Hsueh C, Wu HY, Yu MC, Chao TC. Incidental parathyroidectomy during thyroidectomy

increases the risk of postoperative hypocalcemia. Laryngoscope. 2017; 127(9):2194–200. https://doi.

org/10.1002/lary.26448 PMID: 28121013.

5. Sitges-Serra A, Gallego-Otaegui L, Suarez S, Lorente-Poch L, Munne A, Sancho JJ. Inadvertent para-

thyroidectomy during total thyroidectomy and central neck dissection for papillary thyroid carcinoma.

Surgery. 2017; 161(3):712–9. https://doi.org/10.1016/j.surg.2016.08.021 PMID: 27743717.

6. Park I, Rhu J, Woo JW, Choi JH, Kim JS, Kim JH. Preserving Parathyroid Gland Vasculature to Reduce

Post-thyroidectomy Hypocalcemia. World J Surg. 2016; 40(6):1382–9. https://doi.org/10.1007/s00268-

016-3423-3 PMID: 27028753.

7. Phitayakorn R, McHenry CR. Incidence and location of ectopic abnormal parathyroid glands. Am J

Surg. 2006; 191(3):418–23. https://doi.org/10.1016/j.amjsurg.2005.10.049 PMID: 16490559.

8. Sorgato N, Pennelli G, Boschin IM, Ide EC, Pagetta C, Piotto A, et al. Can we avoid inadvertent parathy-

roidectomy during thyroid surgery? In Vivo. 2009; 23(3):433–9. PMID: 19454511.

9. Youssef T, Gaballah G, Abd-Elaal E, El-Dosoky E. Assessment of risk factors of incidental parathyroid-

ectomy during thyroid surgery: a prospective study. Int J Surg. 2010; 8(3):207–11. https://doi.org/10.

1016/j.ijsu.2009.12.008 PMID: 20060940.

A meta-analysis on risk factors and outcomes of incidental parathyroidectomy in thyroidectomy

PLOS ONE | https://doi.org/10.1371/journal.pone.0207088 November 9, 2018 14 / 17

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0207088.s010
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0207088.s011
http://www.ncbi.nlm.nih.gov/pubmed/9683138
https://doi.org/10.1007/s00268-003-6903-1
http://www.ncbi.nlm.nih.gov/pubmed/14961204
http://www.ncbi.nlm.nih.gov/pubmed/20420257
https://doi.org/10.1002/lary.26448
https://doi.org/10.1002/lary.26448
http://www.ncbi.nlm.nih.gov/pubmed/28121013
https://doi.org/10.1016/j.surg.2016.08.021
http://www.ncbi.nlm.nih.gov/pubmed/27743717
https://doi.org/10.1007/s00268-016-3423-3
https://doi.org/10.1007/s00268-016-3423-3
http://www.ncbi.nlm.nih.gov/pubmed/27028753
https://doi.org/10.1016/j.amjsurg.2005.10.049
http://www.ncbi.nlm.nih.gov/pubmed/16490559
http://www.ncbi.nlm.nih.gov/pubmed/19454511
https://doi.org/10.1016/j.ijsu.2009.12.008
https://doi.org/10.1016/j.ijsu.2009.12.008
http://www.ncbi.nlm.nih.gov/pubmed/20060940
https://doi.org/10.1371/journal.pone.0207088


10. Khairy GA, Al-Saif A. Incidental parathyroidectomy during thyroid resection: incidence, risk factors, and

outcome. Ann Saudi Med. 2011; 31(3):274–8. https://doi.org/10.4103/0256-4947.81545 PMID:

21623057; PubMed Central PMCID: PMCPMC3119968.

11. Manatakis DK, Balalis D, Soulou VN, Korkolis DP, Plataniotis G, Gontikakis E. Incidental Parathyroidec-

tomy during Total Thyroidectomy: Risk Factors and Consequences. Int J Endocrinol. 2016;

2016:7825305. https://doi.org/10.1155/2016/7825305 PMID: 27635137; PubMed Central PMCID:

PMCPMC5007309.

12. Paek SH, Lee YM, Min SY, Kim SW, Chung KW, Youn YK. Risk factors of hypoparathyroidism following

total thyroidectomy for thyroid cancer. World J Surg. 2013; 37(1):94–101. https://doi.org/10.1007/

s00268-012-1809-4 PMID: 23052805.

13. Gourgiotis S, Moustafellos P, Dimopoulos N, Papaxoinis G, Baratsis S, Hadjiyannakis E. Inadvertent

parathyroidectomy during thyroid surgery: the incidence of a complication of thyroidectomy. Langen-

becks Arch Surg. 2006; 391(6):557–60. https://doi.org/10.1007/s00423-006-0079-8 PMID: 16951969.

14. Page C, Strunski V. Parathyroid risk in total thyroidectomy for bilateral, benign, multinodular goitre:

report of 351 surgical cases. J Laryngol Otol. 2007; 121(3):237–41. https://doi.org/10.1017/

S0022215106003501 PMID: 17054818.

15. Du W, Fang Q, Zhang X, Cui M, Zhao M, Lou W. Unintentional parathyroidectomy during total thyroidec-

tomy surgery: A single surgeon’s experience. Medicine (Baltimore). 2017; 96(11):e6411. https://doi.org/

10.1097/MD.0000000000006411 PMID: 28296787; PubMed Central PMCID: PMCPMC5369942.

16. Del Rio P, De Simone B, Viani L, Arcuri MF, Sianesi M. Unintentional parathyroidectomy and postopera-

tive hypocalcaemia. Conventional thyroidectomy versus miniinvasive thyroidectomy. Ann Ital Chir.

2014; 85(5):470–3. PMID: 25599957.

17. Prazenica P, O’Driscoll K, Holy R. Incidental parathyroidectomy during thyroid surgery using capsular

dissection technique. Otolaryngol Head Neck Surg. 2014; 150(5):754–61. https://doi.org/10.1177/

0194599814521365 PMID: 24496742.

18. Zhou HY, He JC, McHenry CR. Inadvertent parathyroidectomy: incidence, risk factors, and outcomes. J

Surg Res. 2016; 205(1):70–5. https://doi.org/10.1016/j.jss.2016.06.019 PMID: 27621001.

19. Wells GA SB, O’Connell D, Peterson J, Welch V, Losos M, Tugwell P. The Newcastle–Ottawa Scale

(NOS) for assessing the quality of nonrandomised studies in meta-analyses. 2012:http://www.ohri.ca/

programs/clinical_epidemiology/oxford.asp.

20. Schwarzer G. Meta: An R package for meta-analysis. R news. 2007; 7(3):40–5.

21. Collaboration C. Cochrane handbook for systematic reviews of interventions 5.0. 0: Cochrane Collabo-

ration; 2008.

22. Greenland S. Quantitative methods in the review of epidemiologic literature. Epidemiol Rev. 1987; 9:1–

30. PMID: 3678409.

23. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat Med. 2002; 21

(11):1539–58. https://doi.org/10.1002/sim.1186 PMID: 12111919.

24. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected by a simple, graphical

test. BMJ. 1997; 315(7109):629–34. PMID: 9310563; PubMed Central PMCID: PMCPMC2127453.

25. Sutton Alex J. Methods for meta-analysis in medical research: John Wiley; 2000. 3–317 p.

26. Lee YS, Nam KH, Chung WY, Chang HS, Park CS. Postoperative complications of thyroid cancer in a

single center experience. J Korean Med Sci. 2010; 25(4):541–5. https://doi.org/10.3346/jkms.2010.25.

4.541 PMID: 20357995; PubMed Central PMCID: PMCPMC2844597.

27. Pesce CE, Shiue Z, Tsai HL, Umbricht CB, Tufano RP, Dackiw AP, et al. Postoperative hypocalcemia

after thyroidectomy for Graves’ disease. Thyroid. 2010; 20(11):1279–83. https://doi.org/10.1089/thy.

2010.0047 PMID: 20950255.

28. Garrahy A, Murphy MS, Sheahan P. Impact of postoperative magnesium levels on early hypocalcaemia

and permanent hypoparathyroidism after thyroidectomy. Head & Neck. 2014; 38(4):613–9.

29. Kwan WY, Chow TL, Choi CY, Lam SH. Complication rates of central compartment dissection in papil-

lary thyroid cancer. ANZ J Surg. 2015; 85(4):274–8. https://doi.org/10.1111/ans.12343 PMID:

23890372.

30. Lee NJ, Blakey JD, Bhuta S, Calcaterra TC. Unintentional parathyroidectomy during thyroidectomy.

Laryngoscope. 1999; 109(8):1238–40. https://doi.org/10.1097/00005537-199908000-00010 PMID:

10443826.

31. Rix TE, Sinha P. Inadvertent parathyroid excision during thyroid surgery. Surgeon. 2006; 4(6):339–42.

PMID: 17152197.

A meta-analysis on risk factors and outcomes of incidental parathyroidectomy in thyroidectomy

PLOS ONE | https://doi.org/10.1371/journal.pone.0207088 November 9, 2018 15 / 17

https://doi.org/10.4103/0256-4947.81545
http://www.ncbi.nlm.nih.gov/pubmed/21623057
https://doi.org/10.1155/2016/7825305
http://www.ncbi.nlm.nih.gov/pubmed/27635137
https://doi.org/10.1007/s00268-012-1809-4
https://doi.org/10.1007/s00268-012-1809-4
http://www.ncbi.nlm.nih.gov/pubmed/23052805
https://doi.org/10.1007/s00423-006-0079-8
http://www.ncbi.nlm.nih.gov/pubmed/16951969
https://doi.org/10.1017/S0022215106003501
https://doi.org/10.1017/S0022215106003501
http://www.ncbi.nlm.nih.gov/pubmed/17054818
https://doi.org/10.1097/MD.0000000000006411
https://doi.org/10.1097/MD.0000000000006411
http://www.ncbi.nlm.nih.gov/pubmed/28296787
http://www.ncbi.nlm.nih.gov/pubmed/25599957
https://doi.org/10.1177/0194599814521365
https://doi.org/10.1177/0194599814521365
http://www.ncbi.nlm.nih.gov/pubmed/24496742
https://doi.org/10.1016/j.jss.2016.06.019
http://www.ncbi.nlm.nih.gov/pubmed/27621001
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ncbi.nlm.nih.gov/pubmed/3678409
https://doi.org/10.1002/sim.1186
http://www.ncbi.nlm.nih.gov/pubmed/12111919
http://www.ncbi.nlm.nih.gov/pubmed/9310563
https://doi.org/10.3346/jkms.2010.25.4.541
https://doi.org/10.3346/jkms.2010.25.4.541
http://www.ncbi.nlm.nih.gov/pubmed/20357995
https://doi.org/10.1089/thy.2010.0047
https://doi.org/10.1089/thy.2010.0047
http://www.ncbi.nlm.nih.gov/pubmed/20950255
https://doi.org/10.1111/ans.12343
http://www.ncbi.nlm.nih.gov/pubmed/23890372
https://doi.org/10.1097/00005537-199908000-00010
http://www.ncbi.nlm.nih.gov/pubmed/10443826
http://www.ncbi.nlm.nih.gov/pubmed/17152197
https://doi.org/10.1371/journal.pone.0207088


32. Campos NS, Cardoso LP, Tanios RT, Oliveira BC, Guimaraes AV, Dedivitis RA, et al. Risk factors for

incidental parathyroidectomy during thyroidectomy. Braz J Otorhinolaryngol. 2012; 78(1):57–61. PMID:

22392239.

33. Allios D, Paraskevopoulos JA, Papazacharias C, Machaira E, Diamantopoulou K, Dimitrief M, et al. Inci-

dental parathyroidectomy during total thyroidectomy. Hellenic Journal of Surgery. 2013; 85(3):189–91.

34. Abuelaish O aljarrah. Frequency of postoperative accompanying parathyroidectomy risk factors in Jor-

danian population. Our experience at King Hussein medical city. Int J Med Invest. 2014; 3(2):58–62.

35. Yazici P, Bozkurt E, Citgez B, Kaya C, Mihmanli M, Uludag M. Incidental parathyroidectomy as a cause

of postoperative hypocalcemia after thyroid surgery: reality or illusion? Minerva Chirurgica. 2014; 69

(6):315. PMID: 25242004

36. McGoldrick DM, Majeed M, Achakzai AA, Redmond HP. Inadvertent parathyroidectomy during thyroid

surgery. Ir J Med Sci. 2017; 186(4):1019–22. https://doi.org/10.1007/s11845-017-1560-9 PMID:

28155099.

37. Ozden S, Erdogan A, Simsek B, Saylam B, Yildiz B, Tez M. Clinical course of incidental parathyroidec-

tomy: Single center experience. Auris Nasus Larynx. 2017; 45(3):574–7. https://doi.org/10.1016/j.anl.

2017.07.019 PMID: 28807528.

38. Lin DT, Patel SG, Shaha AR, Singh B, Shah JP. Incidence of inadvertent parathyroid removal during

thyroidectomy. Laryngoscope. 2002; 112(4):608–11. https://doi.org/10.1097/00005537-200204000-

00003 PMID: 12150510.

39. Pereira JA, Jimeno J, Miquel J, Iglesias M, Munne A, Sancho JJ, et al. Nodal yield, morbidity, and recur-

rence after central neck dissection for papillary thyroid carcinoma. Surgery. 2005; 138(6):1095–100,

discussion 100–1. https://doi.org/10.1016/j.surg.2005.09.013 PMID: 16360396.

40. Roh JL, Park JY, Park CI. Total thyroidectomy plus neck dissection in differentiated papillary thyroid car-

cinoma patients: pattern of nodal metastasis, morbidity, recurrence, and postoperative levels of serum

parathyroid hormone. Ann Surg. 2007; 245(4):604–10. https://doi.org/10.1097/01.sla.0000250451.

59685.67 PMID: 17414610; PubMed Central PMCID: PMCPMC1877043.

41. Hsiao KY, Ko JY, Hong YT. Alternative surgery for low grade thyroid malignancies. J Formos Med

Assoc. 2009; 108(6):508–12. https://doi.org/10.1016/S0929-6646(09)60099-1 PMID: 19515632.

42. Ozogul B, Nuran Akcay M, Kisaoglu A, Atamanalp SS, Ozturk G, Aydinli B. Incidental parathyroidec-

tomy during thyroid surgery: risk factors, incidence, and outcomes. Turk J Med Sci. 2014; 44(1):84–8.

PMID: 25558564.

43. Merchavy S, Marom T, Forest VI, Hier M, Mlynarek A, McHugh T, et al. Comparison of the Incidence of

Postoperative Hypocalcemia following Total Thyroidectomy vs Completion Thyroidectomy. Otolaryng

Head Neck. 2015; 152(1):53–6. https://doi.org/10.1177/0194599814556250 WOS:000347066300006.

PMID: 25358344

44. Hone RW, Tikka T, Kaleva AI, Hoey A, Alexander V, Balfour A, et al. Analysis of the incidence and fac-

tors predictive of inadvertent parathyroidectomy during thyroid surgery. J Laryngol Otol. 2016; 130

(7):669–73. https://doi.org/10.1017/S0022215116008136 PMID: 27282361.

45. Tartaglia F, Blasi S, Giuliani A, Merola R, Livadoti G, Krizzuk D, et al. Parathyroid autotransplantation

during total thyroidectomy. Results of a retrospective study. Int J Surg. 2016; 28 Suppl 1:S79–83.

https://doi.org/10.1016/j.ijsu.2015.05.059 PMID: 26708849.

46. Chew C, Li R, Ng MK, Chan STF, Fleming B. Incidental parathyroidectomy during total thyroidectomy is

not a direct cause of post-operative hypocalcaemia. Anz Journal of Surgery. 2017.

47. Abboud B, Sleilaty G, Braidy C, Zeineddine S, Ghorra C, Abadjian G, et al. Careful examination of thy-

roid specimen intraoperatively to reduce incidence of inadvertent parathyroidectomy during thyroid sur-

gery. Arch Otolaryngol Head Neck Surg. 2007; 133(11):1105–10. https://doi.org/10.1001/archotol.133.

11.1105 PMID: 18025313.

48. Applewhite MK, White MG, Xiong M, Pasternak JD, Abdulrasool L, Ogawa L, et al. Incidence, Risk Fac-

tors, and Clinical Outcomes of Incidental Parathyroidectomy During Thyroid Surgery. Ann Surg Oncol.

2016; 23(13):4310–5. https://doi.org/10.1245/s10434-016-5439-1 PMID: 27541813.

49. Cavicchi O, Piccin O, Caliceti U, De Cataldis A, Pasquali R, Ceroni AR. Transient hypoparathyroidism

following thyroidectomy: a prospective study and multivariate analysis of 604 consecutive patients. Oto-

laryngol Head Neck Surg. 2007; 137(4):654–8. https://doi.org/10.1016/j.otohns.2007.03.001 PMID:

17903586.

50. Erbil Y, Barbaros U, Ozbey N, Aral F, Ozarmagan S. Risk factors of incidental parathyroidectomy after

thyroidectomy for benign thyroid disorders. Int J Surg. 2009; 7(1):58–61. https://doi.org/10.1016/j.ijsu.

2008.10.012 PMID: 19027373.

A meta-analysis on risk factors and outcomes of incidental parathyroidectomy in thyroidectomy

PLOS ONE | https://doi.org/10.1371/journal.pone.0207088 November 9, 2018 16 / 17

http://www.ncbi.nlm.nih.gov/pubmed/22392239
http://www.ncbi.nlm.nih.gov/pubmed/25242004
https://doi.org/10.1007/s11845-017-1560-9
http://www.ncbi.nlm.nih.gov/pubmed/28155099
https://doi.org/10.1016/j.anl.2017.07.019
https://doi.org/10.1016/j.anl.2017.07.019
http://www.ncbi.nlm.nih.gov/pubmed/28807528
https://doi.org/10.1097/00005537-200204000-00003
https://doi.org/10.1097/00005537-200204000-00003
http://www.ncbi.nlm.nih.gov/pubmed/12150510
https://doi.org/10.1016/j.surg.2005.09.013
http://www.ncbi.nlm.nih.gov/pubmed/16360396
https://doi.org/10.1097/01.sla.0000250451.59685.67
https://doi.org/10.1097/01.sla.0000250451.59685.67
http://www.ncbi.nlm.nih.gov/pubmed/17414610
https://doi.org/10.1016/S0929-6646(09)60099-1
http://www.ncbi.nlm.nih.gov/pubmed/19515632
http://www.ncbi.nlm.nih.gov/pubmed/25558564
https://doi.org/10.1177/0194599814556250
http://www.ncbi.nlm.nih.gov/pubmed/25358344
https://doi.org/10.1017/S0022215116008136
http://www.ncbi.nlm.nih.gov/pubmed/27282361
https://doi.org/10.1016/j.ijsu.2015.05.059
http://www.ncbi.nlm.nih.gov/pubmed/26708849
https://doi.org/10.1001/archotol.133.11.1105
https://doi.org/10.1001/archotol.133.11.1105
http://www.ncbi.nlm.nih.gov/pubmed/18025313
https://doi.org/10.1245/s10434-016-5439-1
http://www.ncbi.nlm.nih.gov/pubmed/27541813
https://doi.org/10.1016/j.otohns.2007.03.001
http://www.ncbi.nlm.nih.gov/pubmed/17903586
https://doi.org/10.1016/j.ijsu.2008.10.012
https://doi.org/10.1016/j.ijsu.2008.10.012
http://www.ncbi.nlm.nih.gov/pubmed/19027373
https://doi.org/10.1371/journal.pone.0207088


51. Irkorucu O, Tascilar O, Cakmak GK, Emre AU, Ucan HB, Karakaya K, et al. Inadvertent parathyroidec-

tomy and temporary hypocalcemia: an adverse natural outcome or a true complication during thyroidec-

tomy? Endocr Regul. 2007; 41(4):143–8. PMID: 18257650.

52. Kalyoncu D, Gonullu D, Gedik ML, Er M, Kuroglu E, Igdem AA, et al. Analysis of the factors that have an

effect on hypocalcemia following thyroidectomy. Ulus Cerrahi Derg. 2013; 29(4):171–6. https://doi.org/

10.5152/UCD.2013.2438 PMID: 25931872; PubMed Central PMCID: PMCPMC4382813.

53. Lee GH, Ku YH, Kim HI, Lee MC, Kim MJ. Vitamin D level is not a predictor of hypocalcemia after total

thyroidectomy. Langenbecks Arch Surg. 2015; 400(5):617–22. https://doi.org/10.1007/s00423-015-

1311-1 PMID: 26050997.

54. Manouras A, Markogiannakis H, Lagoudianakis E, Antonakis P, Genetzakis M, Papadima A, et al. Unin-

tentional parathyroidectomy during total thyroidectomy. Head Neck. 2008; 30(4):497–502. https://doi.

org/10.1002/hed.20728 PMID: 18059011.

55. Nair CG, Babu MJ, Menon R, Jacob P. Hypocalcaemia following total thyroidectomy: An analysis of 806

patients. Indian J Endocrinol Metab. 2013; 17(2):298–303. https://doi.org/10.4103/2230-8210.109718

PMID: 23776907; PubMed Central PMCID: PMCPMC3683209.

56. Ondik MP, McGinn J, Ruggiero F, Goldenberg D. Unintentional parathyroidectomy and hypoparathy-

roidism in secondary central compartment surgery for thyroid cancer. Head Neck. 2010; 32(4):462–6.

https://doi.org/10.1002/hed.21205 PMID: 19780055.

57. Ozemir IA, Buldanli MZ, Yener O, Leblebici M, Eren T, Baysal H, et al. Factors affecting postoperative

hypocalcemia after thyroid surgery: Importance of incidental parathyroidectomy. North Clin Istanb.

2016; 3(1):9–14. https://doi.org/10.14744/nci.2016.48802 PMID: 28058379; PubMed Central PMCID:

PMCPMC5175085.

58. Pergel A, Yucel AF, Aydin I, Sahin DA, Aras S, Kulacoglu H. A safety-based comparison of pure Liga-

Sure use and LigaSure-tie technique in total thyroidectomy. Chirurgia (Bucur). 2014; 109(1):60–5.

PMID: 24524472.

59. Qasaimeh GR, Al Nemri S, Al Omari AK. Incidental extirpation of the parathyroid glands at thyroid sur-

gery: risk factors and post-operative hypocalcemia. Eur Arch Otorhinolaryngol. 2011; 268(7):1047–51.

https://doi.org/10.1007/s00405-010-1413-x PMID: 21132322.

60. Rajinikanth J, Paul MJ, Abraham DT, Ben Selvan CK, Nair A. Surgical audit of inadvertent parathyroid-

ectomy during total thyroidectomy: incidence, risk factors, and outcome. Medscape J Med. 2009; 11

(1):29. PMID: 19295950; PubMed Central PMCID: PMCPMC2654678.

61. Sakorafas GH, Stafyla V, Bramis C, Kotsifopoulos N, Kolettis T, Kassaras G. Incidental parathyroidec-

tomy during thyroid surgery: an underappreciated complication of thyroidectomy. World J Surg. 2005;

29(12):1539–43. https://doi.org/10.1007/s00268-005-0032-y PMID: 16311857.

62. Sasson AR, Pingpank JF, Jr., Wetherington RW, Hanlon AL, Ridge JA. Incidental parathyroidectomy

during thyroid surgery does not cause transient symptomatic hypocalcemia. Arch Otolaryngol Head

Neck Surg. 2001; 127(3):304–8. PMID: 11255476.

63. Sheahan P, Mehanna R, Basheeth N, Murphy MS. Is systematic identification of all four parathyroid

glands necessary during total thyroidectomy?: a prospective study. Laryngoscope. 2013; 123(9):2324–

8. https://doi.org/10.1002/lary.23954 PMID: 23733535.

64. Sippel RS, Ozgul O, Hartig GK, Mack EA, Chen H. Risks and consequences of incidental parathyroid-

ectomy during thyroid resection. ANZ J Surg. 2007; 77(1–2):33–6. https://doi.org/10.1111/j.1445-2197.

2006.03972.x PMID: 17295817.

65. Song CM, Jung JH, Ji YB, Min HJ, Ahn YH, Tae K. Relationship between hypoparathyroidism and the

number of parathyroid glands preserved during thyroidectomy. World J Surg Oncol. 2014; 12:200.

https://doi.org/10.1186/1477-7819-12-200 PMID: 25000948; PubMed Central PMCID:

PMCPMC4105163.

66. Turanli S, Karaman N, Ozgen K. Permanent hypocalcemia in patients operated for thyroid carcinoma.

Indian J Otolaryngol Head Neck Surg. 2009; 61(4):280–5. https://doi.org/10.1007/s12070-009-0083-8

PMID: 23120651; PubMed Central PMCID: PMCPMC3450073.

67. Wang JB, Sun HL, Song CY, Gao L. Association between decreased serum parathyroid hormone after

total thyroidectomy and persistent hypoparathyroidism. Med Sci Monit. 2015; 21:1223–31. https://doi.

org/10.12659/MSM.892867 PMID: 25923249; PubMed Central PMCID: PMCPMC4427021.

68. Kihara M, Miyauchi A, Kontani K, Yamauchi A, Yokomise H. Recovery of parathyroid function after total

thyroidectomy: long-term follow-up study. ANZ J Surg. 2005; 75(7):532–6. https://doi.org/10.1111/j.

1445-2197.2005.03435.x PMID: 15972040.

A meta-analysis on risk factors and outcomes of incidental parathyroidectomy in thyroidectomy

PLOS ONE | https://doi.org/10.1371/journal.pone.0207088 November 9, 2018 17 / 17

http://www.ncbi.nlm.nih.gov/pubmed/18257650
https://doi.org/10.5152/UCD.2013.2438
https://doi.org/10.5152/UCD.2013.2438
http://www.ncbi.nlm.nih.gov/pubmed/25931872
https://doi.org/10.1007/s00423-015-1311-1
https://doi.org/10.1007/s00423-015-1311-1
http://www.ncbi.nlm.nih.gov/pubmed/26050997
https://doi.org/10.1002/hed.20728
https://doi.org/10.1002/hed.20728
http://www.ncbi.nlm.nih.gov/pubmed/18059011
https://doi.org/10.4103/2230-8210.109718
http://www.ncbi.nlm.nih.gov/pubmed/23776907
https://doi.org/10.1002/hed.21205
http://www.ncbi.nlm.nih.gov/pubmed/19780055
https://doi.org/10.14744/nci.2016.48802
http://www.ncbi.nlm.nih.gov/pubmed/28058379
http://www.ncbi.nlm.nih.gov/pubmed/24524472
https://doi.org/10.1007/s00405-010-1413-x
http://www.ncbi.nlm.nih.gov/pubmed/21132322
http://www.ncbi.nlm.nih.gov/pubmed/19295950
https://doi.org/10.1007/s00268-005-0032-y
http://www.ncbi.nlm.nih.gov/pubmed/16311857
http://www.ncbi.nlm.nih.gov/pubmed/11255476
https://doi.org/10.1002/lary.23954
http://www.ncbi.nlm.nih.gov/pubmed/23733535
https://doi.org/10.1111/j.1445-2197.2006.03972.x
https://doi.org/10.1111/j.1445-2197.2006.03972.x
http://www.ncbi.nlm.nih.gov/pubmed/17295817
https://doi.org/10.1186/1477-7819-12-200
http://www.ncbi.nlm.nih.gov/pubmed/25000948
https://doi.org/10.1007/s12070-009-0083-8
http://www.ncbi.nlm.nih.gov/pubmed/23120651
https://doi.org/10.12659/MSM.892867
https://doi.org/10.12659/MSM.892867
http://www.ncbi.nlm.nih.gov/pubmed/25923249
https://doi.org/10.1111/j.1445-2197.2005.03435.x
https://doi.org/10.1111/j.1445-2197.2005.03435.x
http://www.ncbi.nlm.nih.gov/pubmed/15972040
https://doi.org/10.1371/journal.pone.0207088

