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Abstract: Background: Surgical treatment of Graves’ disease (GD) has a potentially increased
incidence of postoperative hypoparathyroidism, recurrent laryngeal nerve palsy (RLNP) and bleeding.
The aim of this study was to evaluate the current extent of surgery for the treatment of GD and
its safety as a short-term outcome. Methods: Patients who underwent thyroid resection for GD
were identified from the prospective StuDoQ/Thyroid registry. Patient data were retrospectively
analyzed regarding demographics, surgical procedures and perioperative outcomes. Statistics were
performed with Student’s t-test or Fisher’s exact test and multivariate Cox regression analysis. The
level of statistical significance was set at p < 0.05. Results: A total of 1808 patients with GD with a
median age of 44 (range 14-85) years were enrolled in a 25-month period by 78 departments, of which
35.7% (n = 645) had an endocrine orbitopathy and 0.1% (1 = 6) had thyrotoxic crisis. Conventional
open surgery was used in 98.6% of cases and minimally invasive or remote-access approaches were
used in 1.4%. Total thyroidectomy was performed in 93.4% of cases (n = 1688). Intraoperative
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neuromonitoring (IONM) was used in 98.9% (n = 1789) of procedures. In 98.3% (n = 1777) at least
one parathyroid gland was visualized and in 20.7% (n = 375) parathyroids were autografted. The
rates of unilateral and bilateral transient RLNP were 3.9% (n = 134/3429 nerves at risk) and 0.1%
(n = 4/3429 NAR). The rates of transient RLNP tended to be higher when intermittent IONM was
used compared to continuous IONM (4.1% vs. 3.4%, p < 0.059). The rate of transient postoperative
hypoparathyroidism was overall 29% (n = 525/1808). Multivariate analysis revealed fewer than
300 thyroid resections and fewer than 15 thyroid resections for GD per year, male sex, BMI > 30,
autotransplantation of parathyroid glands and previous bilateral thyroid surgery as independent risk
factors for postoperative temporary hypoparathyroidism. Reoperations for bleeding (1.3%) were rare.
Conclusion: Total thyroidectomy with IONM is safe and currently the most common surgical therapy
for GD in Germany. Postoperative hypoparathyroidism is the major complication which should be
focused on.

Keywords: Graves’ disease; thyroidectomy; = hypoparathyroidism;  parathyroid
glands; neuromonitoring

1. Introduction

Graves’ disease (GD) is an autoimmune disorder caused by the production of auto-thyrotropin
receptor antibodies against the thyroid-stimulating hormone (TSH) receptor [1]. GD is the most
common cause of endogenous hyperthyroidism and may cause various symptoms and a considerable
morbidity with increased risk of cardiovascular adverse events. Approximately 3% of women and 0.5%
of men will develop GD during their lifetime [2]. Five per cent of patients with GD develop moderate
to severe Graves’ ophthalmopathy [1]. For the definitive treatment of GD, two main treatment options
currently exist, either radioiodine radiation treatment or thyroid surgery [2-5]. Furthermore, extended
therapy with antithyroid drugs may be included. The primary objective of the operation should
be the definitive control of hyperthyroidism, ideally without causing complications. The extent of
thyroid surgery for GD is not precisely defined by current guidelines [3,6]. Total thyroidectomy as
surgical treatment for GD is considered to be a fast, consistent and permanent treatment to restore and
sustain euthyroidism [7,8] and a postoperative hormonal therapy is necessary. Total thyroidectomy is
considered to be the preferred surgical treatment for GD in a variety of clinical scenarios namely when
involving nodules, suspicions of malignancy, severe endocrine orbitopathy (EO), large goiters or, in
the case of pregnancy and GD, hyperthyroidism [9,10]. Different kinds of subtotal resections were
the preferred surgical procedures for GD until approximately the 21st century [9] and three former
RCTs reported lower rates of hypoparathyroidism after bilateral subtotal thyroidectomy than after
total thyroidectomy [11-13]. A very recent randomized controlled multicenter trial comparing total
and near-total thyroidectomy identified total thyroidectomy as preferred surgical procedure for the
treatment of GD with regard to transient and permanent hypoparathyroidism, transient recurrent
laryngeal nerve palsy (RLNP), and short-term recurrent hyperthyroidism [14]. In addition, a higher
risk of inadvertently removing parathyroid glands when performing a bilateral near-total resection
was reported [14]. The current German S2k guideline and the guideline of the American Thyroid
Association still recommend both total and near-total resections if surgery is chosen as the definitive
therapy for GD [3,6].

The major complication of thyroid resection for GD is postoperative hypoparathyroidism with
transient and permanent rates between 18.0-20.0% and 3.0-7.0% [14-17], followed by postoperative
bleeding and recurrent laryngeal nerve palsy (RLNP). The underlying causes are complex. Dissection
techniques, especially the extent of resection, seem to be more influential than inadvertent
parathyroidectomy [18,19].
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The aim of this study was to evaluate the current surgical strategy for the treatment of GD in
Germany and its short-term outcomes.

2. Materials and Methods

The StuDoQ/Thyroid Registry of the German Society of General and Visceral Surgery (DGAV) was
designed as a prospective, multicenter database with web-based data entry, has been maintained since
April 2017 and was developed in close cooperation with the board of the German Society of Endocrine
Surgeons (CAEK). Relevant outcome and quality indicators were selected on the basis of the German
S2k guidelines [6,20] for the surgical treatment of benign and malignant goiters, the certification
guidelines for competence centers for thyroid/parathyroid surgery of the DGAV (www.dgav.de),
and the EUROCRINE registry (https://eurocrine.eu). A total of 52 parameters were defined by a
browser-based electronic case report form (eCRF). Data from participating centers were entered in
pseudonymized form at the institutional level without an over-institutional identifier in the prospective
StuDoQ/Thyroid registry. The data were immediately subjected to an automatic plausibility check
with automatic error indication.

All participating institutions had to approve the correct number of thyroid resections entered in
the registry by a written confirmation of the hospital’s administration. In addition, the completeness
and correctness of the data was checked as part of the regular certification audits for the certified
competence and reference thyroid centers of the DGAYV, and by external monitoring since 2019.

All enrolled patients signed an informed consent for data collection and approval for data safety
management was obtained from the TMF (Technologie und Methodenplattform fiir die vernetzte
medizinische Forschung).

For the present study, all patients who underwent thyroid resections for Graves’ disease between
1 April 2017 and 30 April 2019 were retrieved from the StuDoQ/Thyroid registry. The diagnosis Graves’
disease was preoperatively based on clinical symptoms of hyperthyroidism, an existing EO, laboratory
thyroid function tests as thyroid stimulating hormone (TSH), free triiodothyronine (fI3), thyroxine
(fT4) and TSH receptor antibodies, with respect to concomitant substitution or thyrostatic medications
to achieve euthyroidism. Patients were considered hyperthyroid with preoperative TSH levels <0.1
mU/L or low TSH levels (0.02-0.34 mU/L). GD was postoperatively confirmed by the pathological
analysis. The indications for operation as definitive treatment of GD were according to the national
S2k-guideline “operative treatment of benign thyroid diseases” [6] thyroid growth, EO, suspected
malignancy, severe side effects or intolerance of antithyroid medication, treatment-resistant or severe
hyperthyroidism or refusal of radioiodine therapy by the patient. Data were extracted in anonymized
form and retrospectively analyzed with respect to demographics, indication for surgery, type of surgical
procedure and perioperative outcome.

The postoperative function of the recurrent laryngeal nerve was determined by laryngoscopy
within the first 5 postoperative days by an independent surgeon or head and neck specialist as
required in the national S2k-guideline “operative treatment of benign thyroid diseases” [6]. Vocal
cord immobility was defined as palsy. Impaired, but notable vocal cord movement was defined as
incomplete palsy. Both conditions were documented as dysfunction of the recurrent laryngeal nerve
(RLNP, recurrent laryngeal nerve palsy). The palsy rate was calculated per nerves at risk (NAR). The
nerve dysfunction was defined as transient if it completely recovered within 6 months and permanent
if it persisted after 6 months. Postoperative hypoparathyroidism was defined as a serum level of intact
parathormone <15 pg/mL (normal range 15-65) and serum calcium <2.1 mmol/L (normal range 2.1-2.6)
with the necessity of calcium substitution. All three conditions had to be fulfilled for diagnosis of
hypoparathyroidism. A substitution therapy was only initiated after diagnoses of hypoparathyroidism
postoperatively. The postoperative hypoparathyroidism was defined as transient if it completely
recovered within 6 months, after which it was considered permanent.
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Statistical Analysis

Continuous variables are presented as means (standard deviation) and categorical variables as
proportions. Quantitative variables were compared using the Student’s t-test and qualitative variables
(e.g., gender) using the chi-square test or Fisher’s exact test as appropriate. The effect of single risk
factors on hypoparathyroidism was explored in bivariate logistic regressions. A multivariate logistic
regression model was analyzed using stepwise regression.

All reported probability values (p-values) are based on two sided tests; the level of statistical
significance was set at p < 0.05. Analyses were performed using SPSS 23.0 (IBM, Chicago, IL, USA,
2017).

3. Results

A total of 27.395 patients were entered into the StuDoQ/Thyroid registry by 90 institutions within
25 months. Of those, 1808 (6.6%) patients had Graves’ disease (GD), who were recruited by 78 (87%)
surgical departments. The data of these patients, who were all discharged until April 30th, 2019, were
analyzed. A total of 79% (n = 1429) of patients with GD were operated in hospitals with more than
300 thyroid resections per year; only 4.9% (1 = 88) of patients were operated on in hospitals with
100 or fewer thyroid resections per year. A total of 11 institutions enrolled more than 50 patients,
7 institutions 31-50 patients and 9 institutions 21-30 patients with GD, whereas the remaining 51
institutions operated on 20 or fewer patients with GD during the recruitment period (Table 1).

Table 1. Number of operations for Graves’ disease of contributing institutions and corresponding
complication rates.

No. of

Overations for No. of No. of Patients Postoperative Postoperative ~ Re-Operations
G]g /Evaluation Institutions with GD Hypoparathyroidism RLNP Due to
. n="78 n =1808 n =525 (per NAR) Bleeding
Period
<10 38 (49%) 155 (8.6%) 72 (46.5%) 15/279 (5.4%) 1 (0.6%)
11-30 22 (28%) 411 (22.7%) 143 (34.8%) 42/772 (5.4%) 5(1.2%)
31-50 7 (9%) 280 (15.5%) 62 (22.1%) 26/533 (4.9%) 3 (1.1%)
>51 11 (14%) 962 (53.2%) 248 (25.8%) 55/1845 (3.0%) 14 (1.5%)

The influence of center volume (cut-off > 30 operations for GD during the study period of 25 months) showed a
significant reduction of hypoparathyroidism (p < 0.0005) and RLNP (p = 0.0229). The rate of reoperations due to
bleeding was not influenced by the center volume. GD, Graves’ disease; RLNDP, recurrent laryngeal nerve palsy;
NAR, nerves at risk.

A total of 81.7% (n = 1478) of women and 18.3% (n = 330) of men with a median age of 44
(range 14-85) years underwent thyroid resection for GD. Only 2.4% (n = 43) of patients were younger
than 18 years and 3.5% (n = 64) patients were older than 70 years. Furthermore, 7.2% (n =131) of
patients (110 women, 21 men) were overweight with a body mass index > 35 (Table 2). A total of
10.7% (n = 193) of patients had an increased perioperative risk with an ASA (American Society of
Anesthesiologists) score > 3. A total of 35.7% (n = 645) of patients had endocrine orbitopathy and 55.3%
(n =999) of patients had biochemical hyperthyroidism (TSH < 0.01 mU/L or low TSH 0.02-0.34 mU/L)
at the time of surgery. A total of 1536 of 1808 patients (84.9%) took preoperative antithyroid drugs.
Furthermore, 99.7% (n = 1802) of patients underwent elective surgery and 0.3% (n = 6) had emergency
surgery for thyrotoxic crisis. A total of 96.2% (n = 1740) of patients had initial surgery and 3.7% (1 = 66)
patients had cervical reoperations. Another two patients (0.1%) underwent radiofrequency ablation
of GD prior to surgery. Preoperative laryngoscopy for the assessment of vocal cord function was
performed in 98.5% (n = 1780) patients. Normal results were obtained in 98.1% (n = 1774) of patients
and 0.3% (n = 6) of patients showed a unilateral palsy of the recurrent laryngeal nerve (RLN). Patient
characteristics are summarized in Table 2.
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Table 2. Preoperative data of 1808 patients with GD (Graves’ disease) who underwent thyroid resection.

Parameter % (n)
female 81.7% (1478)
age < 18 years 2.4% (43)
age > 70 years 3.5% (64)
BMI > 35 7.2% (131)
ASA 1/2 89.3% (1615)
Endocrine orbitopathy 35.7% (645)
Biochemical hyperthyroidism at operation 55.3% (999)
Thyrotoxic crisis at operation 0.3% (6)
Preoperative vocal cord assessment 98.5% (1780)
Preoperative VCP 0.3% (6)
Previous neck surgery 3.8% (68)

BMI—body mass index; ASA—American Society of Anesthesiologists; VCP—vocal cord palsy.

The vast majority of patients underwent total thyroidectomy (92.3%, n = 1668), whereas bilateral
subtotal resections (0.6%, n = 10) and Hartley-Dunhill procedures (0.8%, n = 14) were an exception
(Table 3). Furthermore, 5.4% (n = 98) of the procedures were hemithyroidectomies, mainly as
reoperations for either previous neck surgery or as incomplete resections because of suspected RLN
damage after resection of the first side (Table 3). The median operative time was 106 min, ranging
from 32-358 min. In 98.6% (n = 1782) of patients, conventional open surgery was performed, whereas
1.3% (n = 24) had a minimally invasive video-assisted thyroidectomy (MIVAT), and 0.1% (1 = 2) of
patients had a robotic-assisted transaxillary thyroidectomy. Other endoscopic or robotic-assisted
remote-access approaches like BABA (bilateral axillo-breast approach) were not used. Only 0.05% (n
= 1) of patients required a partial sternotomy for the resection of GD. In 5.4% (n = 97) patients any
type of selective or systematic lymphadenectomy was performed, which showed no influence on
postoperative hypoparathyroidism (p = 0.63) or recurrent laryngeal nerve palsy (p = 0.58).

Table 3. Initial thyroid resections performed in 1808 patients with GD.

Type of Surgery Number (%)

Total thyroidectomy 1668 (92.3%)
Hemithyroidectomy 98 (5.4%)
Hemithyroidectomy, contralateral node excision 4 (0.2%)
Hemithyroidectomy, contralateral subtotal resection 14 (0.8%)
Unilateral subtotal resection 3(0.2%)
Bilateral subtotal resection 10 (0.6%)
Other resections (e.g.,.igthmus resection, 11 (0.6%)

node excision)
All procedures 1808 (100%)

Visualization of the recurrent laryngeal nerve (RLN) was performed in 99.8% (n = 1804) of patients.
Intraoperative neuromonitoring (IONM) of the RLN was used in 98.9% (n = 1789), and intermittent
IONM (77.0%, n = 1393) was significantly more often used than continuous IONM (21.9%, n = 396,
p < 0.0001). The rate of transient RLN palsy (per NAR) after use of continuous IONM was 3.4%
compared to 4.1% when intermittent IONM was used (p = 0.059, Table 4). IONM of the superior
laryngeal nerve, however, was only performed in 11.7% (n = 211) of patients.
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Table 4. Use of IONM (intraoperative neuromonitoring) and the rate of RLNP (recurrent laryngeal
nerve palsy) per NAR (nerves at risk) in patients with GD.

Parameter Number of NAR (%) RLIIIJII’I ilé;:teerr ?\ITAR RLN];iLa;: ll\IAR Pos?&fiﬁ;’; !
NAR 3429 * (100%) 134 (3.9%) 4(0.1%) 97 (2.8%)
only visualization RLN 16 (0.5%) 0 (0%) 0 (0%) 0 (0%)
IONM 3409 (99.4%) 134 (3.9%) 4(0.1%) 95 (2.8%)
intermittent IONM 2656 (77.4%) 108 (4.1%) 4(0.1%) 72 (2.7%)
continuous IONM 753 (22.0%) 26 (3.4%) 0 (0%) 23 (3.1%)
no visualization, no 4(0.1%) 0 (0%) 0 (0%) 2 (50%)

IONM

* The procedures carried out during the evaluation period included 3489 nerves at risk, the intraoperative use of
neuromonitoring or visualization was documented in 3429 nerves at risk. A postoperative laryngoscopy was done
in 3332 nerves at risk, in 97 nerves at risk the postoperative examination of the vocal cord function was omitted.
NAR—Nerves at risk; RLN—recurrent laryngeal nerve; IONM—intraoperative neuromonitoring; RLNP—recurrent
laryngeal nerve palsy; vocal cord immobility was defined as palsy; impaired but notable vocal cord movement was
defined as incomplete palsy. Both conditions were counted as impairment of RLN function.

In 98.3% (n = 1777) of patients at least one parathyroid gland was identified intraoperatively
(Table 5); in the majority of patients (96.6%, n = 1747) two or more parathyroids were visualized.
Autotransplantation of parathyroid glands was undertaken in 20.7% (n = 375) of patients. In the vast
majority of these patients (87.2%, n = 327), two parathyroid glands were autotransplanted.

Table 5. Transient postoperative hypoparathyroidism with regard to identification and
autotransplantation of parathyroid glands.

Number of Patients with

Parameter Number of Patients Transient Postoperative p-Value
Hypoparathyroidism *
All patients 1808 (100%) 525 (29.0%)
no PG identified 31 (1.7%) 8 (25.8%)
any PG identified 1777 (98.3%) 517 (29.1%) 0.69
1 PG identified 30 (1.6%) 5 (16.6%)
2 or more PGs identified 1747 (96.6%) 512 (29.3%)
no PG autotransplanted 1433 (79.3%) 362 (25.2%) 0.0001
any PG autotransplanted 375 (20.7%) 163 (43.5%) <V
1 PG autotransplanted 3(0.1%) 3 (100%)
2 PG autotransplanted 327 (18.1%) 131 (40.1%)
1or2PG o o
autotransplanted 330 (18.3%) 134 (40.6%)
>2 PG autotransplanted 45 (2.5%) 29 (64.4%)

PG—parathyroid gland; *—postoperative hypoparathyroidism was defined at intact PTH < 15 pg/L and serum
calcium at <2.1 mmol/L with the necessity of Ca—substitution at discharge.

The median specimen weight was 24 (range 8-242) grams, whereby 4.6% (n = 83) weighed less
than 10 g and 4.9% (n = 88) more than 100 g. Histopathological examination confirmed GD in all
patients; one (0.05%) patient showed, in addition to GD, a papillary carcinoma.

Postoperative laryngoscopy was performed in 97.2% (3332 of 3429 NAR) of nerves at risk (NAR).
This revealed a vocal cord dysfunction in 4.0% (138 of 3332 NAR), with unilateral dysfunction in 3.9%
(n =134 NAR) and bilateral dysfunction in 0.1% (n = 4 NAR, Table 4). At the evaluation date, 122 of the
138 NAR with early postoperative dysfunction should have had the 6-month follow-up laryngoscopy.
This result was documented for 80% (1 = 98/122) NAR, and 40% (n = 40) of these nerves showed a
permanent unilateral palsy, whereas no bilateral dysfunction was present. Based on a follow-up rate of
80%, one can extrapolate a rate of permanent RLNP of about 1.5% per NAR (50/3332).

Postoperative hypocalcemia with the need for calcium substitution was present at discharge in
29% (n = 525/1808) of patients; in 2.3% (n = 42) of patients even intravenous calcium substitution
was supplemented. A total of 354 (67.4%) patients with postoperative hypoparathyroidism (1 = 525)
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received simultaneous vitamin D at discharge. The rate of early postoperative hypoparathyroidism
was independent of the number of parathyroid glands visualized intraoperatively (Table 5). However,
the rate of early postoperative hypoparathyroidism was significantly higher in patients who underwent
parathyroid gland autotransplantation compared to patients who had no autograft (43.5% vs. 25.2%,
p < 0.0001). The rate was highest after autotransplantation of more than two parathyroid glands
(64.4%, Table 5). A 6-month follow-up examination was documented at the evaluation date for 309
of 525 (58.8%) patients with postoperative hypoparathyroidism. Of those, 33 showed a persistent
hypoparathyroidism. If one assumes none or all of the patients with incomplete follow-up had a
permanent hypoparathyroidism, the rate would be between 1.8 and 13.8%. Most likely a projected rate
of permanent hypoparathyroidism of 2.9% can be assumed as 33 of 309 patients is a proportion of
about 10%.

The overall case number of thyroid resections, case number of thyroid resections for GD, sex, age,
BMI, preoperative TSH and PTH level, previous neck surgery, surgical method, autotransplantation of
parathyroid glands, lymphadenectomy and thyroid volume were analyzed as potential risk factors for
postoperative hypoparathyroidism. A center volume of more than 300 thyroid resections per year
(p < 0.0005), center volume of more than 30 thyroid resections for GD during the study period (p <
0.0005), sex (p < 0.0005), age (p < 0.0005), BMI (p = 0.019), autotransplantation of parathyroid glands (p
< 0.0005) and previous bilateral thyroid surgery (p = 0.028) showed a statistically significant influence
on postoperative hypoparathyroidism in the univariate logistic regression, which was confirmed in
the multivariate Cox regression analysis (Table 6). Surgical method, previous neck surgery overall,
lymphadenectomy, thyroid volume and preoperative TSH and PTH levels, however, showed no
significant influence on postoperative hypoparathyroidism.

Table 6. Uni- and multivariate logistic regression of parameters associated with postoperative
temporary hypoparathyroidism.

Univariate Analysis Multivariate Analysis
Parameter
OR (95% CI) p-Value OR (95% CI) p-Value
Case load GD/study period > 30 0.543 (0.439-0.672) <0.0005 0.490 (0.393-0.611) <0.0005
Case load thyro;glresecmn/ Year=> 1759 (1.351-2.290) <0.0005 0.501 (0.392-0.640) <0.0005
Age > 50 years 0.660 (0.531-0.819) <0.0005 0.690 (0.552-0.864) 0.001
BMI > 30 0.701 (0.520-0.944) 0.019 1.349 (1.064-1.711) 0.014
Male gender 0.580 (0.434-0.774) <0.0005 0.666 (0.494-0.897) 0.007
Previous bilateral
thyroid/parathyroid surgery 0.310 (0.109-0.883) 0.028 0.330 (0.114-0.959) 0.042
Autotransplantation PG 2.275 (1.796-2.881) <0.0005 2.276 (1.786-2.902) <0.0005
Surgical method minimally 1.370 (0.547-3.430) 0.502
invasive
Previous neck surgery overall 0.683 (0.381-1.222) 0.199
Lymphadenectomy 0.620 (0.375-1.02) 0.063
Thyroid volume > 100 g 1.170 (0.689-1.985) 0.080
Preoperative TSH level 0.913 (0.737-1.131) 0.405
Preoperative PTH level 0.848 (0.496-1.451) 0.548

BMI—body mass index; PG—parathyroid gland.

Reoperations for complications had to be performed in 1.6% (n = 29) of patients. These included
postoperative bleeding in 1.3% (n = 23), wound infection in 0.2% (n = 3) and other reasons such
as lymphatic fistula in 0.2% (n = 3), respectively. Another 14 (0.8%) patients underwent complete
of thyroidectomy 2-4 days after the initial operation, since the first procedure was terminated
as hemithyroidectomy due to suspicion of RLNP by IONM, which was not confirmed during
postoperative laryngoscopy.
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4. Discussion

The presented data of 1808 patients who underwent surgery for GD are the largest European
series ever collected within 2 years. A total of 78 institutions who performed thyroid surgery for
GD participated in the StuDoQ/Thyroid database. Almost 80% of patients with GD were operated
in 28 high-volume centers with over 300 operations per year. Thus, there is a clear trend towards
centralization of surgery for GD nowadays in Germany [21]. A volume-outcome analysis was
performed and showed that there is a lower risk for complications when patients with GD were
operated on in high-volume centers. A caseload of more than 301 thyroid resections per year and more
than 30 resections for GD during the study period of 25 months, roughly equal to 15 resections per year,
decreased the risk of postoperative hypoparathyroidism significantly (Table 6). A previous nationwide
analysis from the United States with 11.205 patients with GD operated on between 2006 and 2011 also
confirmed a lower risk of postoperative complications when treated in high volume centers [22].

Numerous reports over the last years suggest that minimally invasive video-assisted operations
(MIVAT [23]) or remote access robotic procedures (bilateral-axillo-breast approach [24], transaxillary
approach [25,26]) for the surgical treatment of GD are accepted and frequently used throughout the
thyroid community. In Germany, however, these procedures do not play a role in patients with GD,
since only 1.3 resp. 0.1% of all procedures in the present study were performed with minimally invasive
or remote access approaches.

In the present study, total thyroidectomy was by far the most frequently performed procedure
(93.4%) to treat GD, whereas bilateral subtotal resections (0.6%) and Hartley-Dunhill procedures (0.8%)
were rarely used. This trend has already been observed in an earlier European questionnaire study
covering the years 2010 to 2012 in 2488 patients with GD [16]. This study reported a total thyroidectomy
rate for GD of about 90% and a rate of any bilateral subtotal resections below 5%. Although current
American, European and German guidelines [3,6,27,28] do not give definite recommendations regarding
the extent of thyroid resection for GD, total thyroidectomy is the preferred surgical treatment of choice
in the Western world during the last decade.

Total thyroidectomy is regarded as an effective treatment of GD with definitive control of
hyperthyroidism and its symptoms [5,29]. Subtotal resection for GD is considered as surgical strategy
with a lower rate of postoperative hypoparathyroidism, but a higher risk of persistence or recurrence
of disease [30,31]. Five RCTs since the 90 s with a total of 879 patients deal with the extent of
thyroid resection for sufficient treatment of GD regarding postoperative complications [11-14,32].
Different types of uni- or bilateral sub/near-total resections were compared to total thyroidectomy.
The overall incidence of postoperative transient hypoparathyroidism varied from 14.7 to 25.1% of
patients [11-14,32]. A meta-analysis of Feroci et al. based on 3 RCTs and 11 retrospective studies
reported an overall rate of temporary hypoparathyroidism of 18.6% in 2025 patients [17]. The present
study showed an incidence of temporary hypoparathyroidism of 29%. This relatively high prevalence
might be explained by the over 90% rate of total thyroidectomies, whereas previous studies comprised
more than 50% subtotal resections. However, the presented data are in line with a recent German
multicenter RCT, which was conducted in high-volume centers and provided clearly defined parameters.
The rate of transient postoperative hypoparathyroidism was 21% after total thyroidectomy [14].

Transient postoperative hypoparathyroidism is caused by transient reduced vascularization or
even accidental removal of parathyroid glands. Thus, guidelines recommend the identification and
protection of at least one parathyroid gland during surgery for GD [6]. In the present study, in nearly
all cases (98.3%) at least one parathyroid gland and in 96.6% of patients two or more glands were
identified. This is in line with a previous Swedish multicenter study with 1.157 operations for GD
that reported a 94.3% rate of identification of two or more parathyroid glands [33]. In the present
study, the identification of no parathyroid gland, as well as identification of any parathyroid gland, did
not correlate with transient postoperative hypoparathyroidism (see Table 5). In the above-mentioned
Swedish study, the number of identified parathyroid glands was also no risk factor for postoperative
hypocalcemia [33]. The rate of parathyroid gland autotransplantation in the present study was
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20.7% (375/1808), which is in the range of 12.1 and 35.1% in previously reported larger retrospective
studies [33,34] and a little lower than the 26% rate in the TONIG RCT [14]. Surprisingly, in the majority
of operations with autotransplantation, not only one but two parathyroid glands were autotransplanted
(87.2%, n = 327). In the present study, parathyroid autotransplantation was associated with higher
risk of postoperative transient hypoparathyroidism (25.2 vs. 43.5%, p < 0.0005), which was highest
after autotransplantation of two or more parathyroid glands. Former retrospective analyses of thyroid
surgery confirmed parathyroid autotransplantation as an independent risk factor for postoperative
transient hypoparathyroidism in patients undergoing thyroid surgery for autoimmune thyroid
disease [35-38]. In contrast, older small-scale retrospective studies, such as Karakas et al., showed
no influence of parathyroid autotransplantation on postoperative transient hypoparathyroidism after
surgery for GD [39]. Another reason for the occurrence of transient postoperative hypoparathyroidism
is inadvertent removal of parathyroid glands [14,40-42]. The StuDoQ/Thyroid registry contains no
valid information about inadvertently removed parathyroid glands, so we could not analyze our data
regarding this issue.

One serious complication after thyroid surgery for GD is probably permanent postoperative
hypoparathyroidism. In the present study, permanent postoperative hypoparathyroidism was
extrapolated in approximately 2.9% of patients. A European questionnaire study of 1141 patients with
GD reported a rate of permanent hypoparathyroidism of 2.8% [16]. The most recent German multicenter
randomized controlled TONIG trial showed an overall rate of permanent hypoparathyroidism of 3.8%
after thyroid surgery for GD [14]. This is approximately 2-3 times higher than after thyroidectomy or
bilateral subtotal resection for nodular goiter or low risk thyroid cancer. The reasons for this fact need
to be clarified. According to the aforementioned data, permanent postoperative hypoparathyroidism
caused by either devascularization or accidental removal of parathyroid glands is nowadays the most
serious major complication of surgery for GD, since it requires lifelong medical treatment. Thus, in the
future parathyroid preservation needs to be addressed as a main concern in thyroid surgery for GD.
New promising techniques of intraoperative identification and localization of parathyroid glands such
as indocyanine green angiography [43,44] and autofluorescence spectroscopy [45-47] might reduce the
risk of permanent hypoparathyroidism.

Patient-specific independent risk factors for postoperative temporary hypoparathyroidism were
female gender, age < 50 years, BMI > 30 and previous bilateral thyroid or parathyroid surgery; former
data gave similar results [18,38,48,49]. Lymphadenectomy, which is often mentioned to be a risk factor
for postoperative hypoparathyroidism [50,51], showed no significant influence.

Although IONM is not recommended by the German [6] nor other guidelines [3,27], it was used
in almost every procedure (98.9%). It is of note that intermittent IONM (77.4%) was significantly
more often used than continuous IONM (21.9%), although continuous IONM is potentially better to
avoid nerve injuries by traction compared to intermittent IONM. Continuous IONM is able to detect
early progressive decrease in amplitudes and increase of latency, especially during traction, so that the
surgeon can react immediately to signal changes [52]. Even in case of a loss of signal they can promptly
respond to the adverse event [53]. In the largest retrospective study comparing C-IONM (2034 NAR)
with I-IONM (850 NAR) the rate of transient vocal cord palsy was reduced in the C-IONM group by
about 38% from 4.0% (34/850) to 2.9% (34/1184) [54]. There exists only one retrospective series of 209
patients comparing intermittent, continuous IONM and visualization alone with thyroidectomy for
GD. RLN palsy occurred at a rate of 3.6% in the ILIONM group, 2.7% in the C-IONM group and 5.4%
in the visualization group, and could not demonstrate a significant reduction of RLNP (p = 0.058) [55].
The presented analysis showed a rate of transient RLN palsy after use of continuous IONM of 3.4%
compared to 4.1% when intermittent IONM was used (p = 0.059). Thus, the present StuDoQ data
support the hypothesis that continuous IONM might be superior to intermittent IONM to prevent
transient RLN palsy in GD. This hypothesis has to evaluated in the planned multicenter randomized
controlled CITY trial.
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The rate of reoperations due to postoperative bleeding after thyroid surgery for GD was 1.3%,
which is in the range present in the literature (0.5 to 6.8%) [11,14,32].

A recent systematic review involving 10,743 patients with GD and 3336 non-GD patients with
hyperthyroidism showed that the pooled prevalence of incidental thyroid carcinoma was 7.0% [51],
which is comparable to the incidence of coincidental thyroid carcinoma of about 10% in patients
who underwent thyroid surgery for any kind of benign goiter [56—-60]. The presented series of 1808
cases showed a much lower risk with an incidental thyroid carcinoma prevalence of only 0.05%. A
10-fold increased thyroid cancer risk in GD patients within 3 years as reported in a population-based
Taiwanese study in 2013 could not be analyzed, since the follow-up of the Thyroid/StudoQ registry is
currently too short [61].

The present study has some drawbacks and some strengths. The analysis has the limitation of
being a retrospective study, although the data are prospectively documented, externally monitored by
independent surgeons and the respective departments that control of the participating centers. The
6-month follow-up data regarding RLNP and postoperative hypoparathyroidism were not available for
about half of the patients, so that at present no definitive numbers can be given for permanent RLNP
and postoperative hypoparathyroidism. However, the present study based on the StuDoQ/Thyroid
registry gives a clear picture of the actual trends of thyroid surgery for GD in Germany, since about
20% of operated patients with GD in Germany were documented in 25 months.

5. Conclusions

Total thyroidectomy with IONM is the current most common surgical therapy for GD in Germany.
The procedure is safe; however, postoperative hypoparathyroidism is the major complication, thus
requiring more awareness.
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