
Endocrine
https://doi.org/10.1007/s12020-024-04011-y

REVIEW

The outcomes of parathyroid gland autotransplantation during
thyroid surgery: a systematic review, meta-analysis and trial
sequential analysis

Georgios Koimtzis 1
● Leandros Stefanopoulos 2

● Georgios Geropoulos3 ● Theodosios Papavramidis 4

Received: 31 May 2024 / Accepted: 18 August 2024
© Crown 2024

Abstract
Purpose Thyroidectomy is the treatment of choice for malignant thyroid diseases as well as for benign conditions who
cannot be treated medically. The most common complication following thyroidectomy is hypocalcaemia and hypopar-
athyroidism that usually results from accidental damage or removal of one or more parathyroid glands. Parathyroid gland
autotransplantation has been one of the most common intraoperative strategies applied to tackle this problem. The aim of this
study is to assess whether parathyroid auto trasnplantation is associated with a decrease in postoperative hypoparathyroidism
following thyroidectomy.
Methods We conducted a thorough systematic review and meta-analysis of relevant studies published up to February 2024
in MEDLINE, Scopus, Embase and Cochrane Library databases. We compared the incidence of postoperative hypopar-
athyroidism between the group of patients who underwent autotransplantation and the patients were the parathyroid glands
were preserved in situ. A trial sequential analysis was performed subsequently to confirm the findings.
Results Eighteen studies fulfilled all the inclusion criteria and were ultimately included in our study. The total number of
patients was 8,182 with 4,029 receiving parathyroid gland autotransplantation. Autotransplantation was associated with a higher
incidence of immediate (within 24 h) and transient hypoparathyroidism (RR 1.58, 1.45–1.73, CI 95%, p < 0.00 and RR 1.60,
1.47–1.76, CI 95%, p < 0.001, respectively). However, it did not affect the rate of permanent postoperative hypoparathyroidism
(RR 0.85, 0.51–1.41, CI 95%, p= 0.54). The subsequent trial sequential analysis confirmed these findings.
Conclusion Parathyroid autotransplantation does not lead to a decrease in the rate of permanent post-thyroidectomy
hypoparathyroidism. The most important factor to decrease its incidence remains the accurate identification and preservation
of the parathyroid glands intraoperatively.

Keywords Thyroidectomy ● Hypoparathyroidism ● Autotransplantation ● Hypocalcaemia.

Introduction

Thyroid nodules are commonly encountered during everyday
clinical practice [1]. Their overall prevalence in the general

population ranges from 34% to 66% depending on ultrasound
or histology findings [2]. Risk factors for the development of
thyroid nodules include female sex, advanced age, positive
family history, neck radiation exposure and higher body mass
index (BMI) [1, 2]. The clinical question that is always raised
in the presence of thyroid nodules is exclusion of malig-
nancy, which has a steady increase in its incidence, mainly
because of the increased detection rate of differentiated
thyroid cancer [1, 3, 4]. While active surveillance still
remains as a choice for the management of unifocal papillary
microcarcinoma, surgery is still considered the primary
tumour management for thyroid cancer [3, 4]. The extent of
surgery is still a matter of debate, with hemithyroidectomy
recommended for small (≤4 cm), low-risk thyroid cancers as
it has similar outcomes to total thyroidectomy in terms of
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recurrence rate and cancer-specific survival, while it also
carries a smaller overall complication rate and the advantage
of remaining euthyroid postoperatively [5]. Nonetheless, this
approach is still controversial with many recent studies
comparing its outcomes to total thyroidectomy, which still
remains the procedure of choice for larger or multifocal
tumours with poor prognostic factors [6–10]. Surgery is also
a valid treatment for benign thyroid disease in cases of
compression symptoms, hyperthyroidism and cosmetic pro-
blems, as it has shown benefits in treating Hashimoto’s
thyroiditis, improving Grave’s ophthalmopathy, eradicating
multinodular goitres and decreasing the likelihood for a
future operation as a result of recurrence [11].

Nowadays, thyroidectomy can be performed via a variety
of surgical approaches, included traditional thyroidectomy via
a neck incision, transaxillary thyroidectomy, facelift thyr-
oidectomy and transoral thyroidectomy [12]. As any other
procedure and irrespectively of the approach utilised, thyr-
oidectomy carries the risk of significant post-operative com-
plications, such as haematoma, recurrent laryngeal nerve
palsy and hypoparathyroidism [13]. Post-operative hypopar-
athyroidism is the most common complication following
thyroidectomy and can either be transient or permanent, with
a respective incidence of 29.05% and 4.08% [14]. The most
common cause of post-operative hypoparathyroidism is
accidental damage to the blood supply of the parathyroid
glands or inadvertent excision during the operation [15].
Selective parathyroid gland autotrasnplantation is expected to
provide biochemically functional grafts that should counter-
act the detrimental factors to parathyroid function [15].
Nonetheless, there are multiple other factors that affect the
incidence of post-operative hypoparathyroidism and the
success rate of parathyroid autotransplantation, such as the
number and function of parathyroid glands left intact, as well
as the technique and site of autotransplantation [15]. In
general, parathyroid autotransplantation has been associated
with an increase in the transient hypoparathyroidism rates,
but is also effective against permanent hypoparathyroidism
[15]. However, there is still conflicting evidence on the matter
with some studies indicating no significant difference in the
rates of permanent hypoparathyroidism [16], while other
indicate that parathyroid autotransplantation is associated
with a decrease in transient hypoparathyroidism rates [17].

The aim of this study is to evaluate the efficiency of
parathyroid gland autotransplantation in preserving para-
thyroid gland function in patients who undergo thyroid
surgery.

Materials and methods

This study is a systematic review, meta-analysis and trial
sequential analysis that was conducted without a pre-

existing registered protocol. The preparation of the manu-
script followed strictly the PRISMA 2020 checklist. The
authors conducted a thorough and systematic literature
search until February 2024 in the following electronic
databases: MEDLINE (via PubMed), Scopus, EMBASE
and Cochrane Library. The search of the MEDLINE data-
base was carried out using the following search string:
(((autotransplant*[Title]/Abstract) OR (auto-transplant*[Ti-
tle/Abstract]) OR (transplant*[Title/Abstract] OR (graft*[-
Title/Abstract]))) AND (parathyroid*[Title/Abstract]).
Similar search strategies were utilised to perform the lit-
erature search in the rest of the databases searched. No
restrictions were applied, while the reference lists of the
generated articles were reviewed, as well. Also, an addi-
tional search to look for any potentially available grey lit-
erature was conducted on the websites of international
endocrine associations and on the abstract books of endo-
crine surgery and endocrinology conferences.

At first, two independent researchers (G.K. and G.G.)
performed a thorough literature search of the selected
databases for relevant articles applying the following
inclusion criteria: (1) studies performed on human patients,
(2) patients were subjected to surgery for thyroid pathology
with total or near total thyroidectomy as the initial opera-
tion, (3) parathyroid gland autotransplantation was the
intervention investigated, (4) the incidence of post-operative
hypoparathyroidism or hypocalcaemia was mentioned with
enough available data to calculate the respective relative
risk (RR) with a confidence interval (CI) 95%, (5) articles
written in English and (6) articles published after 2004.
Articles published before 2004 were considered outdated
and superseded by more recent literature. The following
exclusion criteria were also applied: (1) surgery for para-
thyroid pathology and (2) studies where full-text was not
available online or following communication with the
authors. In cases of disagreement between the two review-
ers, the matter was resolved by a third experienced reviewer
(T.P.) and ultimately, the decision on these studies was
made either by reaching a consensus or by utilising the
majority opinion.

The data extraction from the selected articles was carried
out by two independent members of the research team (L.S.
and G.G.) using a standardized data-collection form, and
their findings were corroborated by a third researcher
(G.K.). The data that were collected from each selected
study were the following: name of the first author, year of
publication, type of study, study period, number of patients
including number of controls and cases, patients’ demo-
graphics (age and sex), surgical intervention, number and
site of autotransplanted parathyroid glands, assessment
criteria of post-operative hypoparathyroidism and/or hypo-
calcaemia, incidence of post-operative hypoparathyroidism/
hypocalcaemia and corresponding RR with 95% CI and

Endocrine



duration of follow-up. The quality of the included studies
was assessed using the Newcastle-Ottawa Quality Assess-
ment Scale (NOS).

In this meta-analysis and trial sequential analysis, the
statistical analyses were carried out by utilizing Reviewer
Manager 5.4.1 software [Review Manager (RevMan)
(computer program) version 5.4.1, Copenhagen: The Nordic
Cochrane Centre, Denmark, the Cochrane Collaboration,
2020] and STATA version 16.1. In this study the dichot-
omous data were compared by calculating the combined
risk ratio with a 95% CI. Continuous data are presented as
mean ± standard deviation or median (min, max). The level
of statistical significance was set at a p-value of less than
0.05. When large heterogeneity was encountered during the
statistical analysis (I2 ≥ 50%), a random effects model was
applied and further sensitivity analysis at I2= 50% and
I2= 25 was carried out to assess the influence of this large
heterogeneity on the outcome of the statistical analysis.
Otherwise, in cases of low heterogeneity a fixed effects
model was applied for the statistical analysis. The potential
publication bias was evaluated by designing the respective
Begg’s funnel plot. Trial sequential analysis (TSA) was also
performed to assess if the sample size in each analysis was
enough to generate valid results or if further studies were
required. The software used to conduct TSA was Trial
Sequential Analysis (TSA) (computer program) version
0.9.5.10 beta, Copenhagen Trial Unit, Centre for Clinical
Intervention Research, Capital Region, Copenhagen Uni-
versity Hospital—Rigshospitalet, 2021.

The potential risk of bias across the studies that were
included in this study was evaluated using the ‘Cochrane
Collaboration tool for assessing the risk of bias’ as inte-
grated into the Review Manager 5.4.1 software, and the
outcomes are demonstrated in a risk of bias graph and a risk
of bias summary.

Results

The initial search of the selected online databases resulted in
a total number of 1416 articles, while 12 more records were
identified through additional sources. Following exclusion
of duplicates, 849 articles were screened based on their title
and abstract. This process resulted in 53 articles eligible for
full-text analysis, with 18 articles accepted for qualitative
and quantitative analysis [18–35]. This selection process is
portrayed in Fig. 1.

The articles that were included in the final analysis were
published between 2005 and 2024 with data collected from
1993 to 2021. Only three of these studies were prospective
while the rest were retrospective. In total, 8182 patients
were enlisted in these studies, with 4029 receiving auto-
transplantation (cases) of one or more parathyroid glands

and 4149 parathyroid gland preservation in situ (controls).
Eight of the included studies mention the number of the
autotransplanted glands in each case. Eleven studies used a
cut-off of six months to diagnose permanent hypopar-
athyroidism based on low parathyroid hormone (PTH)
levels, five studies used a cut-off of twelve months for the
diagnosis, one study did not mention any cut-off and
another one based the diagnosis on the presence of symp-
toms of hypocalcaemia. All studies mentioned the rate of
permanent hypoparathyroidism, while the incidence of
transient hypoparathyroidism was not mentioned in two of
them. Moreover, six studies mentioned the rate of
immediate (within 24 h) post-operative hypoparathyroid-
ism. The basic characteristics of the included studies are
shown in Tables 1 and 2. All the included studies were of
relatively high quality as they scored between six and eight
on NOS.

Primary outcomes

The meta-analysis of data on immediate (within 24 h)
hypoparathyroidism provided by six of the included studies
revealed that parathyroid autotransplantation leads to a
higher incidence of hypoparathyroidism (RR 1.58,
1.45–1.73, CI 95%, p < 0.001). A fixed effect model was
used for this analysis, as the studies were homogeneous
(I2= 36%). This outcome is shown in Fig. 2. Parathyroid
autotransplantation was also associated with a higher risk of
transient hypoparathyroidism (RR 1.60, 1.47–1.76, CI 95%,
p < 0.001). This analysis was also performed with a fixed
effects model as the studies were homogeneous (I2= 17%)

database searching  
(n=1416) 

through other sources  
(n=12) 

(n=849) 

Records screened 
(n=849) 

assessed for eligibility 
(n=53) 

Studies included in 

(n=18) 

Records excluded 
(n=796) 

 excluded, with reasons 
(n=35) 

Studies included in 

(n=18) 

Fig. 1 Flowchart of study selection process
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and the outcome is shown in Fig. 3. Finally, the meta-
analysis on the rate of permanent hypoparathyroidism
revealed that there is no statistically significant difference
between autotransplantation and preservation of parathyroid
glands (RR 0.85, 0.51–1.41, CI 95%, p= 0.54). This out-
come is shown in Fig. 4. Due to the large heterogeneity of
the studies (I2= 68%) a random effects model was again
applied and further sensitivity analysis was carried out at
I2= 50% and I2= 25% levels. The p-value generated after
this sensitivity analysis was 0.62 and 0.87 respectively,
indicating that the heterogeneity of the studies did not affect
the outcome and the difference in the RR was indeed not
statistically significant.

The potential publication bias of the included studies in
each of the above analysis was assessed by designing the
respective Funnel plots as provided in the supplementary
material. According to their visual interpretation, no pub-
lication bias was introduced in the meta-analysis performed
in each case. Also, a TSA was performed for each one of the
above analyses to assess if the number of the included
studies was sufficient to draw valid conclusions or whether
further studies are required. These outcomes are shown in
Figs. 5–7 and confirm the findings of the primary meta-
analysis performed for immediate, transient and permanent
hypoparathyroidism as well as that the number of patients
and studies included in each case was sufficient to draw
valid conclusions.

Subgroup analysis

Due to the large heterogeneity of the include studies in the
meta-analysis of the data on permanent hypoparathyroid-
ism, which was our main primary outcome, a further sub-
group analysis was carried out. The first factor to be
assessed was the location of the autotransplanted glands
(sternocleidomastoid or brachioradialis muscle).). The sec-
ond factor to be assessed was the timing of the diagnosis of
permanent hypoparathyroidism (6 or 12 months post-
operatively) and the last one was the number of the auto-
transplanted glands (one or more). This subgroup analysis
showed that autotransplantation of the parathyroid glands in
the sternocleidomastoid muscle is not associated with a
decreased risk of permanent hypoparathyroidism (RR 1.18,
0.75–1.87, CI 95%, p= 0.48), while autotransplantation to
the brachioradialis muscle is associated with a decrease in
the incidence of permanent hypoparathyroidism (RR 0.16,
0.07–0.37, CI 95%, p < 0.001). Also, when permanent
hypoparathyroidism is diagnosed at 6 months post-opera-
tively, autotransplantation is not associated with a decreased
incidence (RR 0.53, 0.24–1.17, CI 95%, p= 0.12) and the
same applies when the diagnosis is made 12 months post-
operatively (RR 1.20, 0.56–2.58, CI 95%, p= 0.64).
Finally, a subgroup analysis comparing the outcomes ofTa
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autotransplanting a single parathyroid gland to auto-
transplanting two or more showed that the number of
autotransplanted parathyroid glands is not associated with a
difference in the incidence of permanent postoperative
hypoparathyroidism (RR 2.36, 0.95–5.83, CI 95%,
p= 0.06).

The potential bias of the included studies is demonstrated
in the risk of bias graph and summary figures (Figs. 8 and 9).
According to this, the included studies had a high risk of
selection and performance bias as they were all non-
randomised studies but there was low risk of detection,
attrition, reporting or other form of bias.

Discussion

In this study we conducted a systematic review of the lit-
erature with meta-analysis and trial sequential analysis of

the included studies to determine if parathyroid gland
autotransplantation during thyroid surgery compared to
parathyroid gland preservation is associated with a
decreased risk of hypoparathyroidism postoperatively.
According to the findings of our meta-analysis, when
parathyroid autotransplantation is performed, the risk of
immediate (within 24 h) and transient hypoparathyroidism
is increased, but there is no difference in the incidence of
permanent hypoparathyroidism. The trial sequential analy-
sis that we performed subsequently corroborated these
findings and also confirmed that the number of studies
included was sufficient to draw valid conclusions. More-
over, the subgroup analysis that we performed revealed that
the difference in the diagnostic criteria of permanent
hypoparathyroidism (diagnosis at 6 or 12 months post-
operatively) did not affect the outcome of our meta-analysis.
The risk of permanent hypoparathyroidism is also not
affected by the number of parathyroid glands that are

Fig. 2 Forest plot of the meta-analysis of the incidence of immediate hypoparathyroidism

Fig. 3 Forest plot of the meta-analysis of the incidence of transient hypoparathyroidism
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autotransplanted. Nonetheless, when a subgroup analysis
was carried out including only the studies where the para-
thyroid gland was autotransplanted in the brachioradialis
muscle, the risk of permanent hypoparathyroidism
decreased significantly. This can potentially be explained by

the fact that in all these studies thyroidectomy was carried
out endoscopically, which might have affected all the
parathyroid glands due to extensive dissection. As a result,
in these cases the autotransplantation might have protected
the only functional parathyroid gland left.

Fig. 4 Forest plot of the meta-analysis of the incidence of permanent hypoparathyroidism

Fig. 5 Trial sequential analysis of the studies analysed for immediate hypoparathyroidism
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Fig. 6 Trial sequential analysis of the studies analysed for transient hypoparathyroidism

Fig. 7 Trial sequential analysis of the studies analysed for permanent hypoparathyroidism
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The outcomes of our study are similar to the ones pub-
lished by Wang et al. in [36]. In this meta-analysis 25 stu-
dies were included with a total number of 10,531 patients.
Although, the authors use different definitions for immedi-
ate and transient hypoparathyroidism (postoperative and
protracted, respectively), the respective RRs were 1.75
(95% CI: 1.51–2.02, p < 0.001) and 1.72 (95% CI:
1.45–2.05, p < 0.001). Also, the authors of this study con-
clude that parathyroid autotransplantation does not affect
the risk of permanent hypoparathyroidism (RR= 0.95, 95%
CI: 0.62–1.45, p= 0.801). These findings are also in
agreement with a study by Edafe et al. [37] on the pre-
dicting factors of post-thyroidectomy hypocalcaemia. In this
study parathyroid gland autotransplantation was again
associated with a higher risk of transient hypocalcaemia but
no effect on the risk of permanent hypocalcaemia was
identified. Another systematic review by Antakia et al. [38]
also concluded that the majority of the included studies
reported that autotransplantation does not have any sig-
nificant effect on permanent hypocalcaemia. Moreover, in
the systematic review by Iorio et al [39] the majority of the
included studies suggest that parathyroid gland auto-
trasnplantation should only be carried out in selected cases
such as devascularisation or intrathyroid position of the
gland, while only three of the included studies reported
lower values of permanent hypoparathyroidism in reim-
planted patients. Another meta-analysis on post thyr-
oidectomy risk factors of transient and permanent
hypocalcaemia identified parathyroid gland auto-
transplantation as a risk factor for transient hypocalcaemia
(Odds ratio 1.62, CI 95% 1.35–1.95, p < 0.001) but no
significant effect was reported on the incidence of perma-
nent hypocalcaemia (Odds ratio 1.25, CI 95% 0.72–2.18,
p= 0.42) [40]. The systematic review and meta-analysis by
Ning et al. also comes to the same conclusions [41].

Post-operative hypocalcaemia is the most common
complication of thyroid surgery and can be attributed to
multiple factors. A systematic review and meta-analysis by
Chen et al. identified twelve different factors that increase
the risk for that: total thyroidectomy, thyroid malignancy,

preoperative hypoparathyroidism, hypomagnesaemia,
female sex, vitamin D deficiency, substernal multinodular
goitre, thyroiditis, central compartment neck dissection,
modified radical neck dissection, central neck dissection
and parathyroidectomy [42]. Incidental parathyroidectomy
occurs in 6–28% of thyroidectomies [43]. The risk factors
for incidental parathyroidectomy include thyroid malig-
nancy, total thyroidectomy, central neck dissection and
reoperation [43]. So far, various techniques and intrao-
perative strategies have been implemented to identify and
protect the parathyroid glands during thyroidectomies.
According to a systematic review and network meta-
analysis by Lu et al. [44], there are three main imaging
modalities for intraoperative identification of the para-
thyroid glands: autofluorescence, indocyanine green auto-
fluorescence and carbon nanoparticles. Based on the
outcomes of this study, carbon nanoparticles have the
greater advantage in reducing postoperative hypoparathyr-
oidism, while autofluorescence has the highest rate of
parathyroid gland identification and leads to the greatest
decrease in inadvertent resection. On the contrary, indo-
cyanine green fluorescence leads to a greater rate of auto-
transplantation as it assesses the viability of the glands. The
role of carbon nanoparticles in the protection of parathyroid
glands and decrease of postoperative hypoparathyroidism
has been confirmed by other studies, as well [45–47].
Nonetheless, in a meta-analysis by Wang et al. [48] auto-
fluorescence was associated only with a decrease in the rate
of postoperative day 1 hypocalcaemia, while it had no effect
on the rate of hypocalcaemia at six months after surgery.

The management of transient and permanent post-
thyroidectomy hypoparathyroidism is still a matter of con-
troversy [49]. Nonetheless, most patients are usually treated
with regular calcium replacement therapy and vitamin D
analogue administrations [50]. Chronic hypoparathyroidism
has been associated with a decreased quality of life, inde-
pendently of other comorbidities [51]. Moreover, post-
thyroidectomy hypoparathyroidism is associated with a
significant increase in health expenditures, leading to an
additional economic burden to national health systems [52].

Fig. 8 Risk of bias graph of the
included studies
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Novel techniques are currently emerging, such as para-
thyroid allotransplantation [50] and parathyroid cryopre-
servation [53] that could potentially provide new ways for
permanent resolution of the issue. However, despite the lack
of universal guidelines operative strategies, it is still evident
that the most effective way of dealing with postoperative
hypoparathyroidism is the accurate intraoperative identifi-
cation and protection of the parathyroid glands.

This study suffers from certain limitations. The studies
included in the analysis were not randomized clinical trials,
and there was no blinding of the researchers involved. As a
result, the risk for selection bias is high, as in such cases
patients tend to be allocated to the treatment that seems
more beneficial to them. However, across all of the included
studies the risk of detection and reporting bias was low, as
the outcomes were assessed objectively and there was no
obvious missing data. Also, the trial sequential analysis
reveal that the total number of patients and studies included
was sufficient to draw robust conclusions.

Conclusion

In this study we performed a meta-analysis on the effect of
parathyroid gland autotransplantation on postoperative
hypoparathyroidism. Autotransplantation was associated
with a higher risk of immediate and transient hypopar-
athyroidism, while it did not affect the rate of permanent
hypoparathyroidism. This can potentially be attribute to
autotransplantation being performed in cases where a
parathyroid gland’s viability is compromised intraopera-
tively and autotransplantation is the only means of salva-
ging it. However, since the rate of permanent
hypoparathyroidism is not affected, the main operative
strategy to avoid it is the identification and preservation of
all parathyroid glands when possible.
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