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Thyroid and parathyroid glands 

The thyroid is a butterfly-shaped endocrine gland located inferior to the larynx and 

anterior to the trachea. It consists of two lobes which are connected by a narrow band of 

tissue called the isthmus. A central pyramidal lobe is present in 12% - 65% of the 

population 1. The gland has its own capsule and is enclosed by an envelope of pre-tracheal 

fascia which is posteriorly attached to the cricoid cartilage and upper tracheal rings 

(suspensory ligament of Berry). The main function of the thyroid is to produce thyroid 

hormones, which play a major role in the metabolism, growth, and development of the 

human body 2. The thyroid is in close proximity to several important anatomical 

structures, such as the left and right recurrent laryngeal nerves, and the parathyroid glands. 

The parathyroid glands, most commonly four in number, are small oval-shaped endocrine 

glands located on the posterior surface of the thyroid. The parathyroid glands regulate the 

blood calcium levels by producing parathyroid hormone (PTH). PTH is important in the 

release of calcium out of the bones, the uptake of calcium in the small intestines, and the 

reuptake of calcium in the kidneys 3. There are several diseases of the thyroid gland, 

respectively, including but not limited to: Graves’ disease, Hashimoto’s thyroiditis, 

multinodular goiter, benign thyroid nodule and thyroid cancer. Parathyroid disorders 

include hyperparathyroidism, hypoparathyroidism, parathyroid adenoma, parathyroid 

hyperplasia and parathyroid cancer. Hypoparathyroidism is a medical condition 

characterized by low levels or absence of PTH. It is a relatively uncommon condition that 

can be caused by multiple factors such as: genetic disorders, auto-immune diseases, 

radiation therapy to the neck, and anterior neck surgery.  

This thesis will focus on both benign and malignant thyroid nodules, as well as 

hypoparathyroidism resulting from thyroid surgery. 

 

Thyroid nodules  

Thyroid nodules are abnormal growths of tissue within the thyroid gland and are mostly 

found incidentally through imaging modalities such as ultrasound, CT, MRI, or 18FDG-

PET/CT scans performed for unrelated reasons. In some cases, patients may also present 

with a palpable thyroid nodule which can cause symptoms due to mechanical compression 
4, 5. It is crucial to differentiate between incidentalomas and palpable thyroid nodules 

before the start of diagnostic workup, as there is no evidence that routine monitoring of 

incidentally detected thyroid nodules offers any health benefits. Therefore, the Dutch 

national thyroid cancer guideline of 2007 advocates for further diagnostic testing only in 

patients with a palpable thyroid nodule 6, while refraining from further diagnostics in most 

incidentally found thyroid nodules, in contrast to various other guidelines 7-10. This results 

in a unique population with fewer incidentally discovered indolent tumors. 

Ultrasound is the preferred initial imaging technique to assess palpable thyroid nodules 
11. Several international risk stratification systems have been developed that utilize 

sonographic features of thyroid nodules to determine the risk of malignancy, and make 

recommendations about which nodules to evaluate with fine needle aspiration (FNA) 12-

14. Ultrasound-guided FNA is a crucial component of thyroid nodule evaluation as 
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treatment decisions are based on the cytological test results. The "Bethesda System for 

Reporting Thyroid Cytopathology" was introduced in 2007 and adopted into the Dutch 

national thyroid cancer guideline to uniformly report cytological results and provide an 

implied risk of malignancy for each evaluated thyroid nodule 15. After FNA, thyroid 

nodules are scored as either benign (Bethesda II), indeterminate (Bethesda III, IV or V) 

or malignant (Bethesda VI).  

 

Benign thyroid nodules 

Benign nodules can cause symptoms such as dysphagia, hoarseness, and breathing 

problems, which may require surgical treatment by means of a hemithyroidectomy. A 

hemithyroidectomy, however, has the risk of surgical complications including 

hypothyroidism, recurrent laryngeal nerve damage, wound infection, and bleeding 16, 17. 

Hypothyroidism occurs in 20%–30%, which may result in impaired quality of life despite 

adequate hormone supplementation 18, 19. To reduce the risk of these complications, 

nonsurgical techniques, such as radiofrequency ablation, are introduced for the treatment 

of symptomatic benign thyroid nodules. Radiofrequency ablation is a minimally invasive 

technique that can be performed without the need for general anesthesia in an outpatient 

setting. The European Thyroid Association developed a guideline in 2020 for the use of 

thermal ablation techniques in adult patients with symptomatic benign thyroid nodules 20. 

Before adopting this new treatment strategy in standard clinical practice, the 

effectiveness, safety, and patient satisfaction should be monitored closely in a clinical 

research setting. As the main object for this treatment strategy is to improve patient 

satisfaction and quality of life, research should be focused on these outcome measures. 

 

Thyroid cancer 

Although most thyroid nodules are benign, roughly 700 patients a year are diagnosed with 

thyroid cancer in the Netherlands 21. Thyroid cancer is a malignancy of thyroid 

parenchymal cells, which roughly consists of two major cell types; the follicular cells and 

the para-follicular or C-cells. Differentiated thyroid cancer derives from the follicular 

cells and comprises papillary thyroid carcinoma (PTC) and follicular thyroid carcinoma, 

which account for 90-95% of all thyroid cancers. Follicular thyroid carcinoma accounts 

for approximately 10-15% of all cases of differentiated thyroid cancer, and it typically 

has a more aggressive behavior than PTC. Specifically, follicular thyroid carcinoma tends 

to invade blood vessels and shows a higher frequency of distant metastasis to mostly the 

longs and bones 22. The C-cells give rise to medullary thyroid carcinoma which explains 

2-5% of all thyroid cancers, followed by anaplastic thyroid carcinoma which is 

responsible for around 1% of all thyroid cancers 23. In this thesis, we will focus on PTC. 
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Papillary thyroid carcinoma 

PTC is the most common type of thyroid cancer, accounting for 85-90% of all patients 

with differentiated thyroid cancer. Most patients with PTC are treated with a complete 

removal of the thyroid gland with or without concomitant cervical lymph node dissection 

and an ablative dose of radioactive iodine to eliminate any residual thyroid tissue 24. PTC 

has a favorable prognosis, with a 10-year disease-specific survival rate of more than 95% 
25. The worldwide incidence of PTC has increased in the past decades 26-28. This is mainly 

due to the increased use of diagnostic imaging modalities 29-32 and improved quality of 

pathological examination 33. More patients are diagnosed with small PTC (mPTC, PTC 

with the largest dimension of 1.0 cm or less) 34. However, mortality rates in patients with 

PTC remained stable 35, 36. The rising incidence of mPTC alongside a stable mortality rate 

is highly suggestive for overdiagnosis and overtreatment of mainly mPTC 31, 33, 37.  

Currently, different strategies are suggested worldwide to reduce this overdiagnosis and 

overtreatment. Some risk systems and guidelines 7, 12-14, including the Dutch national 

guideline 6, advise a default lower size limit of 1.0 cm for conducting FNA of high-risk 

nodules to limit overdiagnosis of indolent mPTCs, which resulted in a decrease in mPTC 

diagnosis since 2014 38. In addition, less aggressive treatment strategies such as active 

surveillance and radiofrequency ablation have been proposed as alternative treatment 

strategies to reduce surgery related morbidity 7, 39, 40. However, the role of active 

surveillance in a population where restrictive diagnostic protocols have been implemented 

is unknown. When thyroid surgery is chosen as the preferred treatment for a patient with 

mPTC, routine follow-up after surgery is advised by several thyroid cancer guidelines 6, 

7. This follow-up often includes some years of clinical examinations, thyroglobulin 

measurements, and routine neck ultrasounds. However, recurrent disease after surgical 

treatment and adjuvant radioactive iodine (RAI) in patients with mPTC is rare and ranges 

between 1-5% 41, 42. This raises the question if it is possible to de-escalate and restrict 

follow-up in patients with low-risk mPTC.  

 

Multidisciplinary care 

Modern cancer care increasingly works through collaborations between different 

institutions and professionals in the form of regional oncological networks 43. Oncological 

networks often contain a structured care pathway and multidisciplinary tumor boards to 

harmonize daily practice patterns and provide educational opportunities for all specialists 

involved 44, 45. Therefore, several guidelines recommend a multidisciplinary approach and 

structured care pathways as the standard of care for thyroid cancer patients 7, 46. To 

establish standardized regional care for patients with thyroid nodules and cancer in the 

South-Western region of the Netherlands, a collaborating oncological network was 

established in January 2016 and named: The Thyroid Network. The Thyroid Network 

consists of one academic hospital and nine general hospitals in the Southwestern region 

of the Netherlands. Collaborating oncological networks often grow organically, making 

it challenging to assess their impact on referral patterns and quality of care 47.  
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Hypoparathyroidism 

Postoperative hypoparathyroidism after thyroid surgery accounts for approximately 75% 

of cases of hypoparathyroidism and occurs in 0-46 % of patients undergoing bilateral 

thyroid surgery 48, 49. The blood supply to the parathyroid glands is mainly provided by 

the inferior thyroid artery, which is also the primary source of blood to the thyroid gland 
50, 51. Despite efforts to preserve the parathyroid glands during a thyroidectomy, the 

ligation of the inferior thyroid artery puts the glands at increased risk of ischemia. In 

addition, ectopic glands are present in 5-20% of the general population and are often 

located along the path of the embryologic descent, originating from the third and fourth 

pharyngeal pouches 52, 53. The superior parathyroid glands arise from the fourth 

pharyngeal pouch, while the inferior parathyroid glands arise from a longer descent in the 

third pharyngeal pouch, making their final location more variable and more susceptible 

to unintentional removal or damage. 

Postoperative hypoparathyroidism can lead to low calcium blood levels, possibly causing 

symptoms of hypocalcemia 54. Frequently, postoperative hypoparathyroidism is 

temporary and recovers within a few weeks to months. However, in some cases, it persists 

and becomes a chronic condition, also known as long-term hypoparathyroidism. Patients 

suffering from long-term hypoparathyroidism experience low health-related quality of 

life, and recent literature shows that patients with long-term hypoparathyroidism are 

associated with an increased mortality rate 55, 56. 

 

Definition  

There are major discrepancies in the definition of long-term hypoparathyroidism used in 

the medical literature 57. To conduct valid research in the field of long-term 

hypoparathyroidism, a consistent, uniform definition is essential.  

 

Prediction 

Identifying individual patient risks of long-term hypoparathyroidism could aid in the early 

clinical decision-making process after total thyroidectomy. However, valid prognostic 

tools that predict the development of long-term hypoparathyroidism after total 

thyroidectomy are lacking. 

 

Management  

Calcium and vitamin D supplementation are used to prevent or treat symptoms of 

hypocalcemia after total thyroidectomy. Excessive supplementation, however, can result 

in hypercalcemia, which is characterized by symptoms such as fatigue, constipation, and 

kidney stones. Achieving the optimal balance between preventing symptoms of 

hypocalcemia and avoiding over-supplementation with unnecessary treatment has been 

challenging. Notably, there is no consensus on when to initiate calcium and/or active 

vitamin D supplementation in patients at risk for postoperative hypoparathyroidism 58. 

Worldwide approaches for treating postoperative hypocalcemia and hypoparathyroidism 

can be categorized into three different strategies, including routine supplementation in 
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every patient undergoing thyroidectomy, supplementation only in patients with 

biochemical hypoparathyroidism based on calcium and PTH measurements, and 

supplementation only in patients with symptoms of hypocalcemia. Differences in clinical 

outcomes between different supplementation strategies have been underreported in 

current medical literature.  

 

Aim and outline of this thesis 

The current thesis aims to investigate various options in reducing the burden of disease in 

patients with thyroid nodules and cancer (Part I), as well as to explore the field of one of 

the most important complications after thyroid surgery: hypoparathyroidism (Part II).  

In Part I, this thesis will focus on the reduction of the burden of disease in patients with 

thyroid nodules and cancer. Chapter 2 describes a before-after Thyroid Network 

assessment of second opinions to the academic hospital of patients with thyroid nodules 

or cancer. In addition, a qualitative evaluation of the Thyroid Network was conducted by 

means of semi-structured interviews with several stakeholders. In Chapter 3A, we 

discuss the role of the Thyroid Network in centralization of thyroid cancer patients and 

trends towards the de-escalation of cancer treatments. In Chapter 3B, we discuss the need 

for standardized quality indicators for thyroid cancer care. In Chapter 4, we describe the 

step-wise implementation of radiofrequency ablation for patients with symptomatic 

benign thyroid nodules in the South-Western region of the Netherlands. In Chapter 5, we 

discuss the indications for radiofrequency ablation in patients with symptomatic benign 

thyroid nodules. In Chapter 6, we describe the potential use of active surveillance in 

Dutch patients with an mPTC between 2005 and 2015, in a situation where restrictive 

diagnostic protocols have been implemented since 2007. As data on patients with mPTC 

in this particular situation are limited, we used data from the Netherlands Cancer Registry 

to be able to investigate a large, nationwide cohort of patients. In Chapter 7A and 7B, 

we evaluate the role of radiofrequency ablation in the treatment of patients with mPTC. 

In Chapter 8, we assess the risk of recurrent disease after hemithyroidectomy in patients 

with low-risk mPTC and discuss the possibility of de-escalating follow-up after surgery.  

 

In Part II, this thesis will describe the incidence, risk factors and management of 

hypoparathyroidism after thyroid surgery. In Chapter 9, we propose the use of a 

pragmatic definition for long-term hypoparathyroidism by applying several existing 

definitions in a patient cohort from ten hospitals in the Southwestern region of the 

Netherlands. To further improve and refine the prediction of long-term 

hypoparathyroidism, we will describe the development and validation of a clinical 

prediction model for long-term hypoparathyroidism after total or completion 

thyroidectomy (Chapter 10). In Chapter 11 we provide an overview of different 

treatment strategies for postoperative hypoparathyroidism, as well as an assessment of the 

impact of these strategies on hypocalcemia-related complications and the development of 

long-term hypoparathyroidism. In Chapter 12, we assess the impact of two different 

treatment strategies for postoperative hypoparathyroidism by comparing clinical 
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outcomes between patients who underwent surgery in two Dutch academic medical 

hospitals.  

Part III contains a summary of the chapters in this thesis, as well as the discussion and 

future perspectives. The results of the studies are summarized in English and Dutch in 

Chapter 13. In Chapter 14, the results of this thesis are discussed in a broader 

perspective, and suggestions for future research are presented.  
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ABSTRACT 

 

Objective 

To perform a qualitative evaluation of the Thyroid Network, with a quantitative analysis 

of second opinion referrals for patients in the southwestern part of the Netherlands who 

have thyroid nodules and cancer. 

 

Materials and methods 

This prospective observational study registered all patients with thyroid nodules and 

cancer who were referred to the academic hospital from 2 years before and 4 years after 

the foundation of the Thyroid Network. We implemented biweekly regional 

multidisciplinary tumor boards using video conference and a regional patient care 

pathway for patients with thyroid nodules and cancer. For qualitative evaluation, 

interviews were conducted with a broad selection of stakeholders via maximum variation 

sampling. The primary outcome was the change in second opinions after the foundation 

of the Thyroid Network. 

 

Results 

Second opinions from Thyroid Network hospitals to the academic hospital decreased 

from 10 (30%) to 2 (7%) two years after the start of the Thyroid Network (P = .001), 

while patient referrals remained stable (n = 108 to 106). Qualitative evaluation indicated 

that the uniform care pathway and the regional multidisciplinary tumor board were valued 

high. 

 

Discussion 

Establishing a regional network, including multidisciplinary tumor boards and a care 

pathway for patients with thyroid nodules and cancer, resulted in a decrease in second 

opinions of in-network hospitals and high satisfaction of participating specialists. 

 

Implications for Practice 

The concept of the Thyroid Network could spread to other regions as well as to other 

specialties in health care. Future steps would be to assess the effect of regional 

collaboration on quality of care and patient satisfaction.   
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INTRODUCTION 

Problem Description 

In the South-Western part of The Netherlands (2.1 million habitants), clinical care for 

patients with thyroid nodules and cancer is provided by several hospitals i.e. one academic 

hospital (Erasmus University Medical Centre), four large medical teaching hospitals1 and 

five general hospitals (~5.500 hospital beds), which is shown in Figure 1. Despite the 

close proximity of these ten hospitals to one another, no formal regional collaboration 

existed for the treatment of patients with thyroid nodules and cancer. This resulted in a 

lack of uniform protocols, absence of formal centralization rules for rare thyroid cancers, 

and a need for second opinions. Second opinions have the potential to make beneficial 

changes in treatment recommendations and prognosis in some patients 2. However, 

physical second opinions for advice that does not deviate from the initial advice are an 

example of inefficient care which can cause extra burden for patients entailing 

inconvenient patient travel, delays in care and higher costs. In addition, reducing 

unnecessary second opinions could be of benefit for the climate in general and infection 

prevention in terms of COVID-19 due to fewer travel needs. 

Figure 1. The Thyroid Network hospitals in the South-Western region of the Netherlands. 
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Available knowledge 

Thyroid cancer is a relatively rare disease (4.7 cases per 100.000 inhabitants in The 

Netherlands) requiring sufficient medical expertise. Guidelines recommend the use of a 

multidisciplinary approach and structured care pathways as the standard of care for 

patients with thyroid cancer 3,4. Through continuous improvement, care pathways aim to 

improve the quality of clinical care, increase patient satisfaction and efficiency in the 

treatment of thyroid cancer 5-7.  

Patients discussed at multidisciplinary tumor boards (MTBs) are more likely to receive 

more accurate and complete recommendations regarding diagnostics and treatments, 

especially in cancer care 8-11. Online MTBs attended by multiple regional hospitals are 

feasible to design and implement in a collaboration network with one academic medical 

hospital surrounded by multiple general hospitals 12-14. In the absence of regional MTB 

programs, hospitals are modifying variables affecting the chances of curative treatment 

and survival among patients with other malignancies 15-18. However, the impact of 

regional MTBs on patient referral patterns among regional hospitals concerning cancer 

care is unknown. 

 

Rationale 

We reasoned that implementation of a regional MTB and structured care pathway would 

reduce local practice variation and second opinions to the academic hospital. A uniform 

care pathway and biweekly MTBs have the potential to enhance the quality of care of 

patients with thyroid nodules and cancer as a whole at a regional level.  

 

Specific aims 

The aim of this study was to perform a qualitative evaluation of the Thyroid Network by 

means of structured interviews with participants. In addition a quantitative assessment 

was performed of the number of second opinions referred from Thyroid Network 

hospitals to the academic center regarding patients with thyroid nodules and/or cancer. 

 

METHODS 

 

Context 

Foundation of the Thyroid Network  

To achieve standardized regional care for patients with thyroid nodules and cancer, the 

“SchildklierNetwerk” (English: Thyroid Network) was formed in January 2016. This 

collaboration among ten hospitals is managed by a daily board of five specialists. A 

scientific council was founded within the Thyroid Network to jointly review research 

initiatives and grant applications. Every two years, a regional symposium is organized at 

which updates on thyroid cancer are reviewed and scientific data are presented. Detailed 

information about the foundation of the Thyroid Network can be found in Supplementary 

File 1. 
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Interventions 

Intervention 1a: 

A regional care pathway for patients with thyroid nodules and cancer was developed, 

which was adopted by all Thyroid Network hospitals (Supplementary File 2).  

Intervention 1b: 

Simultaneous with the start of the Thyroid Network, MTBs were implemented via video 

conference. Every two weeks, groups of 2 to 5 regional hospitals first conduct a local 

MTB, followed by one collective regional MTB with all participating hospitals. The local 

MTB existed prior to the initiation of the Thyroid Network. There are clear agreements 

in the regional care pathway for determining which patients will be discussed in the 

regional MTB. 

Study of interventions 

Data collection and patients for referral analysis 

The analyzed cohort comprised all patients registered in the academic hospital from two 

years before to four years after the Thyroid Network foundation and all patients discussed 

at the regional MTB in the four years after the foundation. All newly referred patients 

with thyroid nodules (including multinodular goiter) and cancer to the academic hospital 

were prospectively registered. Referrals for Graves’ disease, adjuvant radioactive iodine 

treatment and other thyroid diseases were registered separately and were therefore not 

included in this study. Baseline characteristics, diagnosis at presentation, way of entry in 

the academic hospital (second opinion, patient referral, or inter-collegial consultation 

from another specialty in the academic hospital (ICC)), treatment and patients vital status 

were collected. A patient referral was defined as a definite transfer of patient care (e.g. 

treatment or follow-up) from a general hospital to the academic hospital, while a second 

opinion was defined as a visit to a clinician in the academic hospital without transfer of 

care. Data were derived from the patient electronic health records (EHR) and referral 

letters. The regional MTB data from individual patients were registered following a 

structured protocol. The form contained the local EHR number of the patient, date of 

registration, and clinical characteristics such as TNM stage and the proposed treatment. 

TNM stage of patients were described using the 8th AJCC Cancer Staging Manual 19. 

Interviews 

The BeterKeten Foundation conducted a qualitative interview study with a broad 

selection of stakeholders. Interviewees were selected by purposive sampling, as well as 

maximum heterogeneity sampling 20. Purposive sampling involves the selection of 

interviewees with direct involvement to the research topic and aims to select information-

rich cases for studying a topic in depth. Maximum heterogeneity sampling attempts to 

collect data from the most extensive range of perspectives possible about the topic of 

interest. In the current study, interviewees varied in age, medical specialty, hospital of 

employment, and duration of involvement with BeterKeten. The interviews were 

conducted by applying a realistic evaluation approach to identify context factors and 
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underlying mechanisms that influence collaboration 21. In advance, two of the authors 

(EVB and MS) developed an interview guide with a list of open-ended questions to 

explore context factors, mechanisms and outcome patterns. A detailed description of these 

identified themes can be found in Supplementary File 3.  

Measures 

The primary outcome was the change in second opinions of in-Thyroid Network hospitals 

after the foundation of the Thyroid Network. Secondary outcomes were changes in second 

opinions from outside-network sources, patients referrals of in- and out-Thyroid Network 

sources, number of patients registered in the academic center and findings from the 

interviews.  

For the quantitative analysis of referral patterns within the academic hospital, three 

cohorts were defined. The first cohort comprised patients who were referred to the 

academic hospital in the two years before the referring hospital joined the Thyroid 

Network and thus no regional MTB meeting available (pre-rMTB cohort). The second 

cohort consisted of all patients who were referred to the academic hospital or discussed 

in the regional MTB in the first two years after the referring hospital joined the Thyroid 

Network (early-rMTB cohort). Patients who were registered two to four years after the 

referring hospital joined the Thyroid Network were embedded in the continued cohort 

(cont-rMTB). A timeline regarding the foundation of the Thyroid Network and the cohorts 

are displayed in Figure 2. 

The interviews were conducted face-to-face in the hospital or through video conferencing 

during COVID-19 pandemic. All semi-structured in-depth interviews were digitally audio 

recorded, anonymized and transcribed ad verbum. All respondents (n=24) gave 

permission to use the anonymous interview report for analysis. 

Figure 2. Timeline of the different cohorts. 
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Analysis 

For the quantitative analysis, descriptive statistics were used to express continuous 

variables with normal distribution as mean with standard deviation or abnormal 

distribution as median with interquartile range. Distribution was assessed with the 

Shapiro-Wilk normality test. Categorical variables are described as count and percentage. 

Differences among the groups were analyzed with the Mood median test for continuous 

variables and the Pearson Chi-square test for nominal variables. SPSS Statistics version 

25 (IBM Corp.) was used to perform all statistical analyses. P-values of <0.05 were 

considered significant. For the qualitative data analysis of the interviews, ATLAS.ti 

version 8 software (ATLAS.ti Scientific Software Development GmbH) was used. At 

first, codes were assigned to the verbatim transcription of the recordings (open coding of 

raw data). Next, coded text fragments were sorted and grouped together into themes of 

context factors, mechanisms and outcomes/values. These fragments and themes were 

compared by means of axial and selective coding, which allowed for detecting patterns in 

responses. The most relevant and illustrative quotes were selected to invigorate the results 

of the qualitative data analysis. A concept version of these results was returned to 

participants to check for accuracy and resonance with their experiences. This is also 

known as ‘member checking’ or ‘participant validation’, a technique for exploring the 

credibility of results 22. 

 

Ethical considerations 

This study was approved by the Medical-Ethics Committee of Erasmus Medical Centre 

(MEC-2018-1195). The SQUIRE 2.0 guideline was used (Revised Standards for Quality 

Improvement Reporting Excellence) 23. 

 

RESULTS 

Referral patterns 

Trends in new patients with thyroid nodules or cancer referred to the academic hospital, 

without being discussed in a regional MTB 

Within the six-year time frame (Figure 2), 908 new patients with thyroid nodules or cancer 

were registered at the thyroid center in the academic hospital, without previous discussion 

in the regional MTBs. Diagnoses at presentation included a suspicious thyroid nodule 

(n=460, 50.7%), thyroid cancer (n=243, 26.8%) and multinodular goiter (n=171, 18.8%). 

In total, 655 patients were referred from other hospitals (72.1%), 161 patients were 

referrals from other specialties within the academic hospital (17.7%) and 92 were referred 

for a second opinion (10.1%).  

Analysis over the three cohorts (pre-, early-,cont-rMTB) shows that second opinions from 

general hospitals within the Thyroid Network significantly decreased from 30.3% (n=10) 

in the pre-rMTB cohort to 6.7% (n=2) in the cont-rMTB cohort (p=0.001). Second 

opinions from general practitioners decreased from 30.3% (n=10) to 3.3% (n=1) and 

second opinions from hospitals outside the region doubled. After the initiation of the 

Thyroid Network more referrals from hospitals outside the region were received. More 

details are given in Table 1. 
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Table 1 Clinical characteristics of newly registered thyroid patients in the academic hospital ᵃ 

 
pre-rMTB        

(-2-0 years) 

early-rMTB     

(0-2 years) 

continued-

rMTB   

(2-4 years) 

p-value Total 

Number of patients 346 (38.1) 276 (30.4) 286 (31.5)  908  

Age (years) 53 [40-64] 52 [44-65] 52 [41-62] 0.85 53 [42-64] 

Sex    0.50  

  Female 270 (78.0) 208 (75.4) 212 (74.1)  690 (76.0) 

  Male 76 (22.0) 68 (24.6) 74 (25.9)  218 (24.0) 

Diagnosis at presentation    0.094  

  Thyroid cancer 94 (27.2) 61 (22.1) 88 (30.8)  243 (26.8) 

 PTC 73 (21.1) 43 (15.6) 63 (20.0)  179 (19.7) 

 FTC 9 (2.6) 8 (2.9) 13 (4.5)  30 (3.3) 

 MTC 8 (2.3) 3 (1.1) 10 (3.5)  21 (2.3) 

 ATC 2 (0.6) 4 (1.4) 1 (0.3)  7 (0.8) 

 Other 2 (0.6) 3 (1.1) 1 (0.3)  6 (0.7) 

  Thyroid nodule 161 (46.5) 146 (56.5) 143 (50.0)  460 (50.7) 

  Multinodular Goiter 73 (21.1) 48 (17.4) 50 (17.5)  171 (18.8) 

  Other 18 (5.2) 11 (4.0) 5 (1.7)  34 (3.8) 

Way of entry      

  Referral 260 (75.1) 196 (71.0) 199 (69.6) <0.001 655 (72.1) 

 TN-hospital 108 (41.5) 48 (24.5) 51 (25.6)  207 (31.6) 

 General practitioner 103 (39.6) 72 (36.7) 54 (27.1)  229 (35.0) 

 Hospitals outside the region 49 (18.8) 76 (38.8) 94 (47.2)  219 (33.4) 

  Second opinion 33 (9.5) 29 (10.5) 30 (10.5) 0.001 92 (10.1) 

 TN-hospital 10 (30.3) 2 (6.7) 2 (6.7)  14 (15.2) 

 General practitioner 10 (30.3) 12 (41.4) 1 (3.3)  23 (25.0) 

 Hospitals outside the region 13 (39.4) 15 (51.7) 27 (90.0)  55 (59.8) 

  Inter collegial consult (ICC) 53 (15.3) 51 (18.5) 57 (19.9)  161 (17.7) 

Patients in outpatient clinic  342 (98.8) 254 (92.0) 275 (96.2)  871 (95.9) 

Treatment of registered patients     <0.001  

  Follow-up/no treatment 188 (54.3) 

   

168 (60.9) 174 (60.8)  530 (58.4) 

  Surgery with or without RAI 122 (35.3) 71 (25.7) 67 (23.4)  260 (28.6) 

  Radio Frequency Ablation  7 (2.0) 17 (6.2) 36 (12.6)  60 (6.6) 

  Radioactive Iodine  29 (8.4) 20 (7.2) 9 (3.1)  58 (6.4) 

Current status of patients    <0.001  

  Treated in the academic hospital 121 (35.0) 86 (31.2) 144 (50.3)  351 (38.7) 

  Out of treatment  208 (60.1) 178 (64.5) 136 (47.6)  522 (57.5) 

  Deceased 15 (4.3) 12 (4.3) 6 (2.1)  33 (3.6) 

  Unknown 2 (0.6) 0 0  2 (0.2) 

ᵃ New patients with thyroid diseases referred to the academic hospital WITHOUT being discussed in a regional MTB 

Pre-rMTB = cohort of patients two years before joining the regional MTB 

Early-rMTB = cohort of patients two years after joining the regional MTB 

Continued-rMTB = cohort of patients two to four years after joining the regional MTB 

Data are expressed as numbers (percentage) or as median [IQR] 

TN= Thyroid Network; PTC= papillary thyroid carcinoma; FTC= follicular thyroid carcinoma; MTC= medullary 

thyroid carcinoma; ATC= anaplastic thyroid carcinoma 
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Table 2 Clinical characteristics of thyroid patients discussed in the rMTBs  

 early-rMTB   

(0-2 years) 

continued-rMTB 

(2-4 years) 

 Total 

   p-value  

Number of discussed patients 150 120  270 

Age in years (n=7) 59 [49-73] 53 [41-69] 0.084 57 [46-73] 

Sex   0.013  

  Female 121 (80.7) 81 (67.5)  202 (74.8) 

  Male 29 (19.3) 39 (32.5)  68 (25.2) 

     

Referrals (n=2)   0.303  

  Treatment continuation in the 

academic center 

62 (41.6) 57 (47.9)  119 (44.4) 

  Treatment continuation in 

local hospital after rMTB advice 

87 (58.4) 62 (52.1)  149 (55.6) 

     

rMTB advice    0.016  

  Follow-up/no treatment 51 (34.0) 39 (32.5)  90 (33.3) 

  Surgery with or without RAI 61 (40.7) 50 (41.7)  111 (41.1) 

  Radio Frequency Ablation or 

Sclerotherapy 

1 (0.7) 9 (7.5)  10 (3.7) 

  RAI 25 (16.7) 19 (15.8)  44 (16.3) 

  Unknown 12 (8.0) 3 (2.5)  15 (5.6) 
Early-rMTB = cohort of patients two years after joining the regional MTB 

Continued-rMTB = cohort of patients two to four years after joining the regional MTB 

Data are expressed as numbers (percentage) or as median [IQR] 

Missing data is presented in parentheses behind variables 



Chapter 2 

 

32 

 

 

 

Table 3 Differences in clinical characteristics of patients discussed in the rMTBs 

 Referred to 

the academic 

hospital 

Recommended to 

stay at local 

hospital 

 Total 

   p-value  

Number patients 119 149  268 

Age in years (n=6) 55 [44-69] 58 [47-73] 0.198 57 [46-73] 

Sex   0.629  

  Female 88 (73.9) 114 (76.5)  202 (75.4) 

  Male 31 (26.1) 35 (23.5)  66 (24.6) 

     

Diagnosis at presentation   <0.001  

  Thyroid nodule 20 (16.8) 73 (49.0)  93 (34.7) 

  Multinodular Goiter 7 (5.9) 11 (7.4)  18 (6.7) 

  Other 2 (1.7) 10 (6.7)  12 (4.5) 

  Thyroid cancer 90 (75.6) 55 (36.9)  145 (54.1) 

 PTC  74  44   

 FTC  10  8   

 MTC  3  2   

 ATC  1  0   

 Other  2  1   

     

TNM stagingª     

 T (n=13)   0.028  

 T1 22 (28.2) 22 (48.9)  44 (35.8) 

 T2 17 (21.8) 12 (26.7)  29 (23.6) 

 T3 30 (38.5) 10 (22.2)  40 (32.5) 

 T4 9 (11.5) 1 (2.2)  10 (8.1) 

 N (n=9)   <0.001  

 N0/X 43 (51.8) 41 (93.2)  84 (66.1) 

 N1 40 (48.2) 3 (6.8)  43 (33.9) 

 M (n=7)   0.612  

 M0/X 72 (88.9) 44 (91.7)  116 (89.9) 

 M1 9 (11.1) 4 (8.3)  13 (10.1) 

 Overall stage (n=9)   0.416  

 Stage I 48 (60.0) 34 (72.3)  82 (64.6) 

 Stage II 19 (23.8) 9 (19.1)  28 (22.0) 

 Stage III 2 (2.5) 0  2 (1.6) 

 Stage IV 11 (13.8) 4 (8.5)  15 (11.8) 

     

rMTB advice    <0.001  

  Follow-up/no treatment 16 (13.4) 74 (49.7)  90 (33.6) 

  Surgery 57 (47.9) 54 (36.2)  111 (41.4) 

  RFA  7 (5.9) 3 (2.0)  10 (3.7) 

  RAI 39 (32.8) 4 (2.7)  43 (16.0) 

  Unknown 0 14 (9.4)  14 (5.2) 
ª For differentiated thyroid carcinomas (PTC and FTC) 

Data are expressed as numbers (percentage) or as median [IQR] 

Missing data is presented in parentheses behind variables 

PTC= papillary thyroid carcinoma; FTC= follicular thyroid carcinoma; MTC= medullary thyroid carcinoma; 

ATC= anaplastic thyroid carcinoma 
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Patients discussed in the regional MTBs 

In total, 309 patients were discussed in the regional MTBs in a time range of 4 years. 

Thirty-nine patients were discussed for other thyroid diseases (e.g. parathyroid disease, 

auto-immune thyroiditis). These patients were excluded from the analysis, which resulted 

in a total of 270 discussed patients with thyroid nodules and/or cancer. In the early-rMTB 

cohort, 41.6% (n=62) of the patients discussed in the regional MTB were referred to the 

academic hospital, whereas this percentage was 47.9% (n=57) in the cont-rMTB cohort 

(Table 2). 

Patients who were referred to the academic hospital after regional MTB discussion were 

more likely to have thyroid cancer (n = 90; 75.6% vs. n = 55; 36.9%, p<.001) and have a 

higher T-stage than patients that were recommended to stay at the local hospital 

(p=0.028). Also, 48% of patients with thyroid cancer referred to the academic hospital 

had lymph node metastases, as opposed to 7% who were recommended to stay at the local 

hospital (p<.001). Patients did not differ in M-stage and overall TNM stage (Table 3). 

Patient flow in the three periods 

The academic hospital was involved in 20% more patient treatment decisions after the 

implementation of the regional MTBs (n=346, pre-rMTB; n=426, early-rMTB ; n=406, 

cont-rMTB). Meanwhile, the number patients seen in the outpatient clinic remained stable 

(n=342, pre-rMTB; n=316, early-rMTB; n=332, cont-rMTB). The total number of 

referrals from the hospitals within the Thyroid Network also remained stable after the 

initiation of the regional MTB (n=108, pre-rMTB; n=108, early-rMTB; n=106, cont-

rMTB; Figure 3).  
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Figure 3. Patient flow in the different cohorts. 
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Interviews 

The BeterKeten Foundation conducted a qualitative interview study with 24 stakeholders 
24, including four board members of the Thyroid Network and 18 specialists from other 

regional networks of BeterKeten. The other regional networks each had their own regional 

MTB. The four board members of the Thyroid Network were from different hospitals and 

from two different specialties, surgery and endocrinology. A description of the selected 

participants is shown in Supplementary File 4.  

 

Context factors and mechanisms 

All respondents (24/24) acknowledged that by participating in a regional MTB, they learn 

from peers and enhance their knowledge and expertise. Written regional MTB evaluation 

shows that the majority of the respondents (22/24) found it desirable and/or interesting to 

join the regional MTB, even without presenting a case study of their own. One board 

member stated that the fact that the consulting academic hospital does not receive any 

compensation for patients who are discussed in the regional MTBs could be a restraining 

factor in the continuation of a regional network collaboration like the Thyroid Network. 

 

Outcomes and values 

The interview data showed that all four board members concordantly acknowledge and 

appreciate the added value in the cooperation within the Thyroid Network. The uniform 

care pathway for referral and treatment of patients and the associated biweekly structured 

joint regional MTB were indicated as most important for a successful collaboration by all 

board members. 

 

“The most important aspect of BeterKeten, is that I am learning from others; I am 

expanding my knowledge as well as my professional network.”[Respondent 8]. 

 

Another respondent emphasized the benefit of the regional MTB when it comes to saving 

travel time and providing a full professional opinion. 

 

 “When a patient, living outside the region of Rotterdam, says to me ‘Doctor, I would like 

to be referred to the Erasmus MC, I can answer: ‘I will provide even more: the university 

hospital and nine other hospitals’. The patient does not have to travel to Rotterdam, 

because his case is discussed in the regional MTB and the patient is provided with a 

professional opinion supported by ten different hospitals. Thus, care is provided close to 

home and it saves the patient a ride to Rotterdam and back.” [Respondent 9]. 
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DISCUSSION 

 

Summary 

This prospective study evaluates the impact of a multicenter network on referral patterns 

within ten hospitals in the south-western region of the Netherlands. There were fewer 

second opinions from the hospitals within the Thyroid Network after the start of the 

regional MTBs while maintaining a stable amount of referrals for tertiary care. In 

addition, the academic hospital was involved in 20% more patient cases than before the 

start of the collaboration. The Thyroid Network can be indicated as a “professional 

learning network” in which the learning capacity is large and effective due to the 

continuity of the biweekly regional MTB. 

 

Interpretation 

Collaborating networks like the Thyroid Network often grow organically 25, leaving no 

opportunity to observe and analyze improvements in, for example, quality of care, 

hospitalization costs, referral patterns, or quality of life. By prospectively registering all 

newly referred patients with thyroid nodules and cancer, we were able to analyze and 

evaluate how the interventions influenced referral patterns in one of the largest academic 

hospitals in the Netherlands concerning thyroid care.  

The implementation of the structured regional care pathway was intended to decrease 

regional practice variation and standardize referral patterns, thereby reducing second 

opinions. This is in line with the 2014 British Thyroid Association guideline on thyroid 

cancer 4, which recommends that hospitals providing secondary care for thyroid cancer 

patients should develop well-defined and streamlined pathways of referral and care for 

general practitioners. Several cancer guidelines for malignancies other than thyroid 

cancer recommend the initiation of regional MTBs to ensure that all relevant disciplines 

are involved, provide relevant educational opportunities for medical specialists, and 

reduce practice variation and individual physician biases 26, 27. In addition, the initiation 

of a structured care pathway and regional MTB is in line with the Dutch government 

promoting care close to the patient, where different healthcare providers cooperate and 

digital channels are increasingly used.  

By conducting an online regional MTB, all patients with thyroid nodules/cancer in the 

south-western region of the Netherlands, regardless of the hospital in which the diagnosis 

is made, are offered the same optimal treatment. The regional MTB made it possible for 

general hospitals to instantly discuss and review patients, instead of referring them for 

second opinions. This leads to a more efficient and structured way of decision making 

and selective referral of patients necessitating academic expertise. This is reflected by the 

relatively lower number of patients needing to attend the outpatient clinic of the academic 

hospital. Patients do not have to travel for a second opinion, and due to the high number 

of participating hospitals in the regional MTB, patients are provided with a widely 

supported professional opinion. This is in accordance with a study from the United States 

on the implementation of online regional MTBs and the reduced burden of travel needs 

for patients with hepatocellular carcinoma 28.  
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Second opinions and referrals from hospitals outside the region doubled after the 

implementation of the Thyroid Network and the two intervention. Presumably, the 

structured collaborative approach implemented by the Thyroid Network is considered as 

best practice by these hospitals, which could be a reason for the increase in second 

opinions and referrals. Literature shows that interhospital collaboration facilitates the 

accessibility of hospitals with higher quality of care, resulting in improved outcomes for 

individual patients as well as for regional health care systems 29, 30. In addition, 

organizational centrality in a collaborating referral network is associated with fewer 

readmissions and lower hospitalization cost 31-33. This substantiates the assumption that 

an interhospital collaboration such as the Thyroid Network is the preferred approach in 

patients with thyroid nodules and cancer.   

All board members of the Thyroid Network emphasized that the uniformly structured care 

pathway among general practitioners, general hospitals, and the academic hospital is a 

key ingredient for a successful interhospital collaboration of physicians concerning 

thyroid care. The close cooperation within the Thyroid Network ensures mutual trust to 

learn from one another and to share knowledge in formal as well as informal settings. 

Therefore, the Thyroid Network can be indicated as a “professional learning network”.  

There is one major negative consequence following the establishment of the Thyroid 

Network. In the Netherlands, costs concerning local MTBs can be charged by all 

hospitals. However, hospitals attending regional MTBs can claim their expenses only if 

they are the primary care provider for the discussed patient. Currently, the consulting 

academic hospital does not receive any compensation for patients who are discussed in 

the regional MTBs. All costs concerning the regional MTB patients (e.g. pathological 

specimen revisions) are covered from the academic hospitals’ own resources. To create a 

sustainable, structured implementation of regional MTBs in the Netherlands, a regional 

MTB should come with a financial compensation.  

 

Limitations 

We were unable to assess changes in quality of care since we did not implement quality 

assessment tools yet. To assess the effect on quality of care after initiation of the Thyroid 

Network, qualitative analysis regarding treatment strategies, quality of life and treatment 

complications before and after the initiation of the Thyroid Network should be performed. 

The interview study did not include any patients. This study was conducted within the 

Netherland's healthcare system; therefore, the results and implementation barriers may 

not extrapolate to other systems. Occasionally, there was insufficient documentation of 

patients who were discussed in the regional MTB. Although the number of unregistered 

patients is estimated to be low, the exact incidence is unknown and could not 

retrospectively be determined.  
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CONCLUSIONS 

The interhospital collaboration of ten hospitals in the south-western region of the 

Netherlands and the initiation of the regional MTB have resulted in a decrease in second 

opinions from the Thyroid Network hospitals to the academic hospital while maintaining 

referrals for tertiary care. The regional MTB led to a 20% increase in patient cases wherein 

the academic hospital was involved. The concept of the Thyroid Network could spread to 

other regions as well as to other specialties in healthcare. The next step would be to 

integrate primary healthcare within the Thyroid  Network and to assess the effect of the 

Thyroid Network on quality of care and patient satisfaction. 
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APPENDICES CHAPTER 2 

 

Supplementary File 1: Detailed information of the foundation of the Thyroid Network 

and interventions. 

 

To achieve standardized regional care for patients with thyroid nodules and cancer, the 

“SchildklierNetwerk” (English: Thyroid Network) was formed in January 2016. This 

collaboration initially started with seven hospitals in January 2016 and in June 2017 three 

regional hospitals consecutively joined the Thyroid Network. The collaboration between 

the ten hospitals in the South-West region of the Netherlands was supported by the 

“BeterKeten Foundation”, an organization initially established by Erasmus University 

Medical Centre and several hospitals in the Rotterdam region to support collaborations 

between healthcare institutions in patient care and scientific research. After iterative 

bottom-up procedures to define the care pathway, the Thyroid Network was formed and 

approved by all boards of directors of the participating hospitals. A board with five 

specialists was formed to manage the Thyroid Network. The Thyroid Network-board 

communicates with every hospital through a dedicated specialist functioning as a network 

representative. The Thyroid Network representatives disseminate the dedicated vision for 

inter-hospital partnership in their own hospital and beyond, supported by hospital 

management and local tumor boards.  

A scientific council was founded within the Thyroid Network to stimulate research 

initiatives and grant applications. Once every two years, a regional symposium is 

organized wherein researchers can present data and new research ideas regarding thyroid 

care. The Thyroid Network is also involved in the creation of patient information 

materials, including brochures and a website, for Thyroid Network-hospitals in the region. 

Clear communication with patient associations regarding research, expectations of 

patients, extension of collaborations, and innovation plans is aspired and established. 

Patient association SON (Thyroid Organisation Netherlands) is closely involved in the 

foundation and expansion of the Thyroid Network. The main purpose of the initiation of 

the Thyroid Network was to reduce practice variation and improve regional thyroid care. 

In order to do so, all participating hospitals agreed on a common regional care pathway. 

In order to achieve a homogeneous interpretation of these guidelines and to discuss 

complex or rare cases, a regional MTB was formed.  

 

Regional MTBs 

The regional MTBs were implemented using video conference. Every two weeks, groups 

of 2-5 regional hospitals conduct a local MTB, followed by one collective regional MTB 

with all participating hospitals. The local MTB already existed prior to the initiation of 

the Thyroid Network. There are clear agreements which patients will be discussed in the 

regional MTB. In accordance with the care pathway (Supplemental file 2), patients with 

T3, T4, N1 and/or M1 papillary or follicular carcinoma and medullary or anaplastic 

thyroid carcinoma are standardly discussed in the rMTB. Also, if there is any doubt about 



Chapter 2 

 

42 

a treatment to be used or a second opinion is desired by the local team, the patient will be 

discussed. Physicians can register the patients for the regional MTB centrally with the 

coordinator at the academic hospital. The academic hospital will share the patient cases 

to all participating hospitals prior to the regional MTB so that the attending physicians 

can prepare. The sharing of patient data is done in accordance with Dutch privacy laws. 

The regional MTBs are conducted using a secured video conference connection. After 

each regional MTB, there is time for feedback and questions regarding the Thyroid 

Network. 

 

Care pathway 

With the national guideline as a basis, meetings were organized with representatives from 

each hospital wherein a conceptual care pathway was created. This concept was reviewed 

and discussed by physicians of all the hospitals in the Thyroid Network. Eventually, the 

board of the Thyroid Network approved the regional care pathway as it stands today. 
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Supplementary File 2: Regional Care Pathway for Patients with Thyroid Nodules 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Referral of a patient with thyroid nodule

Diagnostics:

- lab: determine TSH if necessary
- Preferably ultrasound-guided FNA by an expert specialist. Echo: indication of 
microcalcifications, delimitability, echogenicity, shape, dimensions, halo and 
vascularization.
- With palpable nodule: FNA, unless a true cyst. Description according to Bethesda 
criteria.
- If lobectomy is planned: measure calcitonin preoperatively (academic centre 
only). 

First outpatient visit preferably with an internist-endocrinologist, if necessary 
supplemented by a visit to the endocrine surgeon and radiologist

Care Pathway Thyroid Nodule

This process requires the effort of 
dedicated specialists with specific 
expertise in the field of thyroid 
care.

The process, together with the 
Dutch Guideline on Thyroid 
Carcinoma, forms an important 
starting point for the way of 
working within the Thyroid 
Network.

Section 2.1 of the plan (December 
2015) describes the standards and 
principles for thyroid care.

Each hospital appoints a case 
manager per patient. This is 
recorded in the EHR, together 
with the main practitioner. When 
referred, the case managers 
inform each other.

Bethesda score 

Bethesda 1 
Bethesda 2
FNA Benign

Bethesda 3 / 4 
FNA Uncertain

Bethesda 5 / 6
FNA Malign

Preoperative discussion in the MTB*. There are two 
types of MTBs: loco-regional and regional with the 

academy.

- discussion of additional research
- advice on the desired (after) treatment

Outpatient visit: 
Informing the patient 

about findings and 
desired follow-up.

Outpatient visit: 
Informing the patient 

about findings. 
Reassure the patient.

Found Bethesda 
1 repeatedly? 

Ultrasound-guided 
FNA

YES

Follow-up: repeat 
ultrasound-guided 

FNA after 6 weeks to 3 
months.

Discharge or, if 
desired, follow-up 

with ultrasound FNA 
repeat after 1 year 

(only in clinically very 
suspect).

* Explanation:

Patients who have been registered from the 
regional hospitals are discussed in the regional MTB 

with the academy. Any patient who is in doubt 
about the treatment policy to be used can be 

submitted for this regional MTB. Patients with T3, 
T4, N1 and/or M1 and patients with a medullary or 

anaplastic thyroid carcinoma are always discussed in 
the regional MTB with the academy.

During this rMTB, The academic centre also 
provides feedback about the patients referred to 

them. 

See page 
2

MANUAL MTB

Ultrasound-guided 
FNA
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Preoperative discussion in 
the regional MTB*

Operation in level 2 hospital

Registration for RAI and calcium control 
according to protocol.

Postoperative discussion in the MTB*. There are two types of MTBs: loco-regional 
and regional with the academy.

Recommendation: surgery in level 1 hospital if it is 
established preoperatively that there is:

- T3, T4 and/or N1 tumor
- Medullary/poorly differentiated

Registration for RAI and calcium control according 
to protocol.

Pathology 
result

Pathology: T1/T2, No/
Nx

Pathology:   T3, N1

Ablation by 
recombinant TSH

Tg determination on 
day 3 after rTSH

Ablation after 
withdrawal

Low risk? 

Pre-ablation:
I-123 scan for uptake 
determination and Tg 

determination.

If uptake >10%: 
consider reoperation 

before ablation.

See page 
3

Manual MTB

Bethesda 3 / 4 

Treatment according 
to the advice of the 

MTB

Bethesda 5 / 6 
- Discuss results/
consequences with
patient.
- Explanation operation
- Visit anesthetist
- If registration for RAI 
follows: offer men
cryopreservation semen

Repeat FNA with 
ultrasound

Surgery

* Explanation:

Patients who have been registered 
from the regional hospitals are 

discussed in the regional MTB with the 
academy. Any patient who is in doubt 
about the treatment policy to be used 

can be submitted for this regional MTB. 
Patients with T3, T4, N1 and/or M1 and 
patients with a medullary or anaplastic 
thyroid carcinoma are always discussed 
in the regional MTB with the academy.

During this rMTB, the academic centre 
also provides feedback about the 

patients referred to them. 
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Status after thyroidectomy and 

radioactive iodine treatment 

Post-therapy scan
If N1 or M1: nuclear medicine doctor contacts the 

attending physician, who then introduces the patient 
for discussion in the regional MTB with the academy.. 

Outpatient visit 1
2 WEEKS AFTER TREATMENT

Discuss post-therapy scan results
Discuss follow-up plan

Outpatient visit / telephone 
consultation 2

2 MONTHS AFTER TREATMENT
Result lab / Adjustment medication

Target = TSH suppression: TSH<0.1 mU/
l

Outpatient visit 3
HALF YEAR AFTER TREATMENT

Discuss neck ultrasound and blood test 
results.

Tg-on in connection with course curve

Blood test before outpatient visit 2
(TSH, FT4, Tg and anti-Tg). 

According to the same assay

Ultrasound neck and blood test 
(TSH, FT4, Tg and anti-Tg)

for outpatient visit 3

Stimulated Tg   0,9 ng/ml 

Stimulated Tg Measurement
1 YEAR AFTER TREATMENT

Re-risk stratification:
- recombinant TSH 

- Withdrawal and scan I-123 or I-131 if
anti-Tg+ persists

- perform an additional examination 
(neck ultrasound) before a second I-131 

therapy is requested. Outpatient visit 4
Discuss results. Discuss 

possible follow-up policy. 
Consider second I-131 therapy 

if no resectable lesions.

Stimulated Tg < 0,9 ng/ml 

Outpatient visit 4
Discuss results. Discuss 
follow-up policy: Lower 

Thyrax.

TSH target value: between the 
lower reference value and 2 

mU/l.

Annual Tg-on and neck 
palpation

During follow-up: discuss local 
recurrence or lymph node 

metasteses in the MTB. Follow-up in accordance with 
protocol

Discuss in MTB
Strive to do this before 

outpatient visit 4.

Low risk? 

If stable after 5 years: 
discharge.
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Disclaimer 

This care path originates from the Thyroid Network in the Southwest Netherlands region. 

Each hospital is itself responsible for the quality and efficiency of the thyroid care as 

provided by their professionals to the patient. Although the professionals involved in the 

Thyroid Network do their best to provide all information, including this care path, as good 

and error-free to third parties for information, they cannot be held responsible for any 

errors or for keeping the care pathway 'up-to-date'. The Thyroid Network therefore waives 

any liability whatsoever, within the limits of Dutch law. 
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Supplementary File 3: Detailed description of the identified themes of ‘context factors, 

mechanisms and outcomes’ of regional collaboration 

QUALITATIVE DATA ANALYSIS 

CONTEXT 

FACTORS 

Enabling regional network collaboration 

Volume and quality standards defined by medical associations 

Collaborative approach in specialization and concentration of 

healthcare 

Professional and personal network 

Collaborative strategy and support from hospital board 

Restraining regional network collaboration 

The cost of collaboration: extra time and effort causing extra 

challenges for managing a healthy work/life-balance of doctors 

Financial-economic context: incentive to increase the quantity of 

provided services (‘production incentive’) and not necessarily the 

quality with which service are provided 

MECHANISMS Trust and respect for each other’s professional skills and 

competencies 

Professional identity formation, professional pride and ambition, the 

presence of a respected ‘expert’ clinical leader 

Character traits of clinical leaders: vulnerability, openness, 

transparency, honest, approachable, conducive and respectful 

attitude 

The ability to share and learn from and with each other 

The balancing act between investing in and profiting from a 

collaborative learning network 

The personal ability to connect with other professionals 

OUTCOMES/VALUE Professional collaborative learning network or ‘professional 

community’: share knowledge and learn from and with each other on 

medical professional level as well as on organizational level (e.g. 

process improvement) 

Close network with easy and fast access to peers in other hospitals 

Complete continuum of care/health services available for patients 

Standardized methods and uniform quality information for patients 

Clearly defined referral patterns between health care 

providers/hospitals 

A ‘professional opinion’ widely supported by several doctors from 

different hospitals, extending beyond the well-known ‘second 

opinion’ 

Multicenter scientific research and PhD positions 

Collaborative networking accomplishes ‘the right care in the right 

place’ for patients 
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Supplementary File 4: Description of all 24 interviewed stakeholders of BeterKeten 

The  interviewees were medical specialists from the: 

• Thyroid Network (n=4; two surgeons and two specialists in internal medicine, one with

special emphasis on endocrine diseases)

• Pediatric Rheumatology Network (n=2; one rheumatologist and one pediatric

rheumatologist)

• Partners for Gynecology Obstetrics and Reproductive Medicine (n=3; three

gynecologists, one with special emphasis on reproductive medicine)

• Healthy Weight Center / The Obesity Clinic (n=3; one pediatrician and two specialists

in internal medicine with special emphasis on endocrine diseases)

Follow-up reflection interviews were conducted with: 

• Directors of the hospitals boards and chairmen of the medical board of all hospitals

involved (BeterKeten board, n=8)

• Consultants of the project office of BeterKeten (n=2)

• Researchers from the Erasmus School of Health Policy & Management with expertise

in health policy, network governance and regionalizing in The Netherlands (n=2)
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Chapter 3A  
 

Regional Collaboration and Trends in Clinical Management of 

Thyroid Cancer 
 

Sam P.J. van Dijk*, Hannelore I. Coerts*, Ivona Lončar, Caroline M.J. van 

Kinschot, Erik M. von Meyenfeldt, W. Edward Visser, Charlotte van Noord, 

Hans F. Zengerink, Marc R.J. ten Broek, Cornelis Verhoef, Robin P. Peeters, 

Tessa M. van Ginhoven 

 

* Both authors contributed equally to this article. 

 

Otolaryngology – Head and Neck Surgery, 2023 
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ABSTRACT 

 

Objective 

This study examines the trends in management of thyroid cancer and clinical outcomes in 

the Southwestern region of the Netherlands from 2010 to 2021, where a regional 

collaborative network has been implemented in January 2016. 

 

Study design 

Retrospective cohort study.  

 

Setting  

This study encompasses all patients diagnosed with thyroid cancer of any subtype 

between January 2010 and June 2021 in ten collaborating hospitals in the Southwestern 

region of the Netherlands.  

 

Methods 

The primary outcome of this study was the occurrence of postoperative complications. 

Secondary outcomes were trends in surgical management, centralization and waiting 

times of patients with thyroid cancer. 

 

Results 

This study included 1186 patients with thyroid cancer. Median follow-up was 58 [IQR 

24-95] months. Surgery was performed in 1027 (86.6%) patients. No differences in 

postoperative complications such as long-term hypoparathyroidism, permanent recurrent 

nerve paresis or re-operation due to bleeding were seen over time. The percentage of 

patients with low-risk papillary thyroid carcinoma referred to the academic hospital 

decreased from 85% (n=120/142) in 2010-2013 to 70% (n=120/171) in 2014-2017 and 

62% (n=100/162) in 2018-2021 (p<0.01). The percentage of patients undergoing a 

hemithyroidectomy alone was 9% (n=28/323) in 2010-2013 and increased to 20% 

(n=63/317; p<0.01) in 2018-2021.  

 

Conclusion 

The establishment of a regional oncological network coincided with a de-escalation of 

thyroid cancer treatment and centralization of complex patients and interventions. 

However, no differences in postoperative complications over time were observed. 

Determining the impact of regional oncological networks on quality of care is challenging 

in the absence of uniform quality indicators.  
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INTRODUCTION 

There has been a shift in the way cancer care has been delivered over the last decades. 

Modern cancer care increasingly entails collaborations between different institutions and 

professionals, utilizing regional oncological networks 1. Oncological networks often 

contain a structured care pathway and multidisciplinary tumor boards aiming to reduce 

practice variation, provide educational opportunities for all specialists involved and 

reduce individual physician biases 2, 3. Inter-hospital collaboration also contributes to 

improved access to evidence-based healthcare 4-6, new treatment options and clinical 

studies 7, 8. Previously, we have demonstrated the impact of a regional network on referral 

patterns in patients with thyroid cancer 9. That study showed a more efficient and 

structured way of patient referral and a decrease in unnecessary second opinions. 

It is often hypothesized that collaborative networks improve quality of care and clinical 

outcomes in cancer patients. Some studies show that the existence of a collaborating 

referral network is associated with lower hospitalization costs and fewer readmissions 10-

12. However, there are no quantitative studies examining the impact of collaborative 

networks on clinical outcomes (e.g. waiting times, postoperative complications and 

hospitalization times) for patients with thyroid cancer. The aim of this study is therefore 

to analyze the trends in the clinical management of thyroid cancer and its outcomes in the 

Southwestern region of the Netherlands between 2010 and 2021, where a regional 

collaborative network has been implemented in January 2016.  

 

METHODS 

Data collection and patients 

Patients diagnosed with thyroid cancer of any subtype between January 2010 and June 

2021 in ten hospitals in the Southwestern region of the Netherlands (2.1 million 

inhabitants) were included. These hospitals are currently all part of a regional oncological 

network centered around thyroid cancer; ‘the Thyroid Network’, which was established 

in January 2016. As previously described 9, the foundation of the Thyroid Network was 

accompanied by the implementation of a biweekly regional multidisciplinary tumor board 

and uniform care pathway 13.  

Data were obtained from the Netherlands Cancer Registry managed by the Netherlands 

Comprehensive Cancer Organization. Patient characteristics, diagnosis upon 

presentation, hospital of first thyroid cancer-related contact, waiting times, surgical 

interventions and vital status were collected. The Netherlands Cancer Registry did not 

register postoperative complications. To assess information on postoperative 

complications and radioiodine therapy, patients from the Netherlands Cancer Registry 

were linked with unique patient identification numbers to a database study which 

comprises all patients in the Southwestern region of the Netherlands who underwent total 

or completion thyroidectomy between January 2010 and December 2019; The Thyroid 

Network Database (Figure 1). From this database, data on patient characteristics, surgical 

intervention, radioactive iodine therapy and postoperative complications were retrieved. 
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The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) 

reporting guidelines was used 14. 

 

Figure 1. Flowchart of patients assessed for postoperative complications. 

 
 

 

Groups and definitions 

Patients were divided into three different time cohorts: 2010-2013, 2014-2017 and 2018-

2021 (Figure 2). These timeframes were chosen as the regional collaboration was initiated 

and finalized between 2014 and 2017. The waiting time for surgery was defined as the 

number of days between the date of the first cytological or histological confirmation of 

the thyroid nodule and the date of surgery. Waiting times for radioactive iodine therapy 

were defined as the number of days between the last surgery to the first day of radioactive 

iodine therapy. In the Netherlands, maximum recommended waiting times have been 

established in the Treek standards by hospitals and insurers 15. These standards state that 

80% of cancer patients have to be treated within 5 weeks (35 days) and the maximum 

waiting time for oncological treatment should be 7 weeks (49 days). Long-term 

hypoparathyroidism was defined as the need for active vitamin D supplementation 1 year 

after surgery, and inability to be tapered off vitamin D supplementation. Laryngeal 

recurrent nerve paresis detected on indirect laryngoscopy was considered permanent if 

the paresis continued beyond 6 months. Low-risk papillary thyroid carcinoma was defined 

as a cT1/2 papillary thyroid carcinoma without preoperative lymph node or distant 

metastasis. Patients with complex disease were defined as T3b or T4 papillary, follicular 

or oncocytic thyroid carcinoma, lymph node metastases (N1a or N1b), distant metastases 

(M1), and all patients with medullary or anaplastic thyroid cancer. The American Joint 

Committee on Cancer (AJCC) Staging Manual, Eighth Edition, primary tumor stage 

classification (TNM) was used for the classification of thyroid cancer patients 16. 
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Figure 2. Timeline of the cohorts and databases. 

 
Outcomes 

The primary outcome of this study was the occurrence of postoperative complications, 

including long-term hypoparathyroidism, re-operation due to bleeding, and permanent 

laryngeal recurrent nerve paresis. Secondary outcomes were time to discharge, waiting 

times, and trends in surgical management of patients with thyroid cancer.  

 

Statistical analysis 

Descriptive statistics were used to express continuous variables with normal distribution 

as mean with standard deviation (SD) or abnormal distribution as median with 

interquartile range (IQR). Distribution was assessed using the Shapiro-Wilk normality 

test. Categorical variables are described as count (n) and percentage (%). Differences 

between the time cohorts were analyzed using the Mood's median test for continuous 

variables and the Pearson chi-square test or Fisher's exact test for nominal variables. All 

statistical tests were performed with SPSS Statistics version 28 (IBM Corp) and the R 

Project for Statistical Computing (version 4.1.2, R Foundation; https://www.r-

project.org/). All test hypotheses were 2-sided and p<.05 was considered significant. 

 

RESULTS 

 

Thyroid cancer patients in the Southwestern region of the Netherlands (Netherlands 

Cancer Registry) 

 

Patient characteristics  

In total, 1186 patients were diagnosed with thyroid cancer in the ten hospitals of the 

Southwestern region of the Netherlands between January 2010 and June 2021 and were 

included in this study. The median age was 53 [IQR: 41-68] years and 68.4% 

(n=811/1186) was female. Median follow-up was 58 [IQR: 24-95] months. Papillary 

thyroid carcinoma was the most common histological type (n=860/1186; 72.5%), 

followed by follicular thyroid carcinoma (n=112/1186; 9.4%), medullary thyroid 

carcinoma (n=80/1186; 6.7%), anaplastic thyroid carcinoma (n=52/1186; 4.4%) and 

oncocytic thyroid carcinoma (n=34/1186; 2.9%) (Table 1). 
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Trends in clinical management 

Surgery was performed in 1027 patients; total thyroidectomy was performed in 518 (50%) 

patients, hemithyroidectomy followed by completion thyroidectomy in 360 (35%) 

patients, hemithyroidectomy alone in 141 (14%) patients and an isthmus resection in 8 

(0.7%). The percentage of patients undergoing a hemithyroidectomy in 2010-2013 was 

8.7% (n=28/323), while this percentage increased to 19.9% in 2018-2021 (n=63/317; 

p<0.01). Especially in patients with low risk papillary thyroid carcinoma (n=475), a 

hemithyroidectomy followed by active surveillance increased (Figure 3). The proportion 

of lymph node dissections among patients who underwent thyroid surgery (n=1027) 

increased from 15.8% (n=51/323) in 2010-2013 to 26.5% (n=84/317) in 2018-2021 

(p=0.02). In 2010-2013, the percentage of lymph node dissections in which no lymph 

node metastases were discovered following histological examination was 15.7% 

(n=8/51), whereas this percentage was 8.3% (n=7/84) in 2018-2021 (p=0.42). The median 

number of total lymph nodes harvested did not significantly change over time 6 [IQR 1-

25] lymph nodes in 2010-2013, 3 [IQR 1-19] in 2018-2021 (p=0.43).  

Of the patients with differentiated thyroid cancer who underwent thyroid surgery (n=901), 

713 (79.1%) patients received radioactive iodine therapy at least once after total 

thyroidectomy or completion thyroidectomy. The proportion of patients with 

differentiated thyroid cancer who received radioactive iodine therapy after total or 

completion thyroidectomy decreased over time (84.8%, n=240/283 in 2010-2013; 79.8%, 

n=268/340 in 2014-2017, and 73.7%, n=205/278 in 2018-2021; p<0.01).  
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Table 1. Baseline characteristics Netherlands Cancer Registry patients 

 2010-2013 2014-2017 2018-2021  Total 

    p-value  

Number of patients 364 448 374  1186 

Age 51 [40 – 64] 54 [40 – 68] 53 [41 – 68] 0.177 53 [41-68] 

Gender   0.049  

     Male 111 (30.5) 128 (28.6) 136 (36.4)  375 (31.6) 

     Female 253 (69.5) 320 (71.4) 238 (63.6)  811 (68.4) 

Diagnosis    0.947  

      PTC 267 (73.4) 326 (72.8) 267 (71.4)  860 (72.5) 

      FTC 33 (9.1) 43 (9.6) 36 (9.6)  112 (9.4) 

      MTC 22 (6.0) 29 (6.5) 29 (7.8)  80 (6.7) 

      ATC 18 (4.9) 22 (4.9) 12 (3.2)  52 (4.4) 

      Oncocytic 

thyroid carcinoma 

10 (2.7) 12 (2.7) 12 (3.2)  34 (2.9) 

      Other 14 (3.9) 16 (3.6) 18 (4.8)  48 (4.0) 

Follow-up (months) 109 [98 – 128] 67 [53 – 81] 24 [15 – 36] <0.01 58 [24-95] 

Treatment    0.28  

  No surgery 41 (11.3) 61 (13.6) 57 (15.2)  159 (13.4) 

  Surgery 323 (88.7) 387 (86.4) 317 (84.8)  1027 (86.6) 

       Type of surgery    <0.01  

           HT 28 (8.7) 50 (12.9) 63 (19.9)  141 (11.9) 

           HT+CT 121 (37.5) 148 (38.2) 91 (28.7)  360 (30.4) 

           TT 173 (53.6) 187 (48.3) 158 (49.8)  518 (43.7) 

           Isthmus 

resection 

1 (0.3) 2 (0.5) 5 (1.6)  8 (0.7) 

       CLND 51 (15.8) 103 (23.0)  84 (26.5) <0.01 238 (20.1) 

  No radioactive 

iodine therapy 112 (30.8) 
162 (36.2) 153 (40.9)  

427 (36.0) 

  Radioactive iodine 

therapy 252 (69.2) 
286 (63.8) 221 (59.1) 0.001 

759 (64.0) 

Data are expressed as numbers (percentage) or as median [IQR]. Missing data is presented in parentheses 

behind variables. 

PTC = Papillary thyroid carcinoma; FTC = Follicular thyroid carcinoma; MTC = Medullary thyroid carcinoma; 

ATC = Anaplastic thyroid carcinoma; HT = hemithyroidectomy; CT = completion thyroidectomy; TT = total 

thyroidectomy; CLND = cervical lymph node dissection.  

 

 

 

 
Table 2. Hospitalization time after thyroid surgery 

 2010-2013 2014-2017 2018-2021 p-value 

HT 1 [1-1] 1 [1-1] 1 [1-1] 0.59 

CT 2 [1-2] 2 [1-2] 1 [1-1] 0.01 

TT 2 [1-4] 3 [2-5] 1 [1-1] <0.01 

TT +LND 3 [2-6] 3 [2-6] 2 [2-3] 0.077 
Data are expressed as median [IQR]; HT = hemithyroidectomy; CT = completion 

thyroidectomy; TT = total thyroidectomy; CLND = cervical lymph node dissection  
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Figure 3. Trends in treatment of low-risk papillary thyroid carcinoma. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Footnote Figure 3: HT = hemithyroidectomy; AS = active surveillance; CT = completion 

thyroidectomy; TT = total thyroidectomy; RAI = radioactive iodine treatment 

 

 

 

Figure 4. Waiting times after diagnosis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Footnote Figure 4: The dots on the plot indicate the average waiting time per quarter of a year. 

RAI = radioactive iodine treatment. 
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Waiting times  

Figure 4 displays the average waiting times per quarter of a year for surgery and 

radioactive iodine therapy. The median waiting time until first surgery increased from 56 

[IQR: 38-82] days in 2010-2013 to 62 [IQR: 43-91] days in 2018-2021 (p<0.01). Patients 

with complex disease had a significantly longer waiting time than patients without 

complex disease (70 [IQR: 48-98] days complex disease vs 50 [IQR: 35-72] days without 

complex disease; p<0.01). The median time between surgery and radioactive iodine 

therapy was 35 [IQR: 34-41] days in 2010-2013 and 62 [IQR: 47-76] days in 2018-2021 

(p<0.01). The Treek standards were not met in any of the patient cohorts.  

 

Hospitalization time 

The median hospitalization time for all thyroid surgeries was 2 [IQR: 1-3] days after 

surgery in 2010-2013, 1 [IQR: 1-2] day in 2014-2017 and 1 [IQR: 1-2] day in 2018-2021. 

The median hospitalization time after total thyroidectomy decreased from 2 [IQR: 1-4] 

days after surgery in 2010-2013 to 1 [IQR: 1-1] day in 2018-2021 (p<0.01, Table 2). The 

median hospitalization time after completion thyroidectomy significantly decreased from 

2 [IQR: 1-2] days after surgery in 2010-2013 to 1 [IQR: 1-1] day in 2018-2021 (p=0.01).  

 

Centralization of patient care 

The number and proportion of patients who visited one, two, three or four different 

hospitals during their disease period was 75/364 (20.6%), 246/364 (67.6%), 38/364 

(10.4%) and 5/364 (1.4%) in 2010-2013 respectively. In 2018-2021, patients more often 

were seen in one hospital (one hospital 119/374 (31.8%); two hospitals 238/374 (63.6%); 

three hospitals 14/374 (3.7%); four hospitals 3/374 (0.8%)). The total percentage of 

patients referred to the academic hospital decreased from 83.8% (n=305/364) in 2010-

2013 to 72.5% (n=271/374) in 2018-2021 (p=0.01). The total percentage of patients who 

underwent surgery in the academic hospital remained stable over time (138/323, 42.7% 

in 2010-2013; 163/387, 42.1% in 2014-2017; 124/317, 39.1% in 2018-2021 (p=0.61). 

The percentage of patients with low-risk papillary thyroid carcinoma referred to the 

academic hospital decreased from 84.5% (n=120/142) in 2010-2013 to 70.2% 

(n=120/171) in 2014-2017 and 61.7% (n=100/162) in 2018-2021 (p<0.01). The academic 

hospital performed 68.6% (n=35/51) of all lymph node dissections in 2010-2013 and this 

number increased to 91.7% (n=77/84) in 2018-2021 (p<0.01, Figure 5). The proportion 

of patients treated with radioactive iodine (n=713) in the academic hospital decreased 

from 232/240 (96.7%) in 2010-2013 to 245/268 (91.4%) in 2014-2017 and 182/205 

(88.8%) in 2018-2021 (p<0.01). The percentage of patients with complex disease who 

were referred to the academic hospital did not significantly change: 84.3% (n=107/127) 

in 2010-2013 to 88.0% (n=125/142) in 2018-2021 (p=0.61).   
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Subset of thyroid cancer patients in the Thyroid Network Database (n=508) 

Complications after thyroid surgery 

Data on postoperative complications was available for 508 patients undergoing 718 

thyroid surgeries. Baseline characteristic of the patient cohort are displayed in Table 3. 

Perioperative nerve integrity monitoring was used more frequently over time (n=115/254, 

45.3% in 2010-2013; n=265/328, 80.8% in 2014-2017 and n=73/85, 85.9% in 2018-2019 

(p<0.01)). The prevalence of permanent laryngeal recurrent nerve paresis, long-term 

hypoparathyroidism, re-operation due to bleeding and re-operation due to infection did 

not significantly differ between the time cohorts stratified per type of surgery (Table 4). 

The proportion of patients receiving calcium supplements at discharge decreased 

(n=89/180, 49.4% in 2010-2013;  and n=15/65, 23.1% in 2018-2019; p<0.01) and less 

patients received intravenous calcium over time (n=30/177, 16.9% in 2010-2013 and 

n=6/60, 10.0% in 2018-2019; p<0.01). Stratified analysis of patients who underwent 

cervical lymph node dissection did not show differences in postoperative complications 

over time.   

Table 3. Baseline characteristics of patients assessed for postoperative complications (Thyroid 

Network Database) 

2010-2013 2014-2017 2018-2019 Total 

p-value

Number of patients 185 256 67 508 

Age 49  [38-61] 50 [37–64] 49 [36–58] 0.61 50 [38-62] 

Gender 0.48 

 Male 60 (32.4) 72 (28.1) 23 (34.3) 155 (30.5) 

     Female 125 (67.6) 184 (71.9) 44 (65.7) 353 (69.5) 

Diagnosis 

  PTC 139 (75.1) 198 (77.3) 56 (83.6) 0.89 393 (77.4) 

 FTC 18 (9.7) 27 (10.5) 6 (9.0) 51 (10.0) 

 MTC 16 (8.6) 17 (6.6) 3 (4.5) 36 (7.1) 

 ATC 1 (0.5) 3 (1.2) 0 4 (0.8) 

 Oncocytic 

thyroid carcinoma 

6 (3.2) 7 (2.7) 0 13 (2.6) 

     Other 3 (1.6) 6 (2.4) 2 (3.0) 11 (2.2) 

Follow-up in 

months  

111 [100–128] 70 [59–83] 34 [23–41] 
<0.01 

75 [53-101] 

Surgical treatment 0.16 

 HT+CT 88 (47.6) 109 (42.6) 23 (34.3) 220 (43.3) 

     TT 97 (52.4) 147 (57.4) 44 (65.7) 288 (56.7) 

 CLND 40 (21.6) 92 (35.9) 67 (38.8) <0.01 238 (20.1) 
Data are expressed as numbers (percentage) or as median [IQR]. Missing data is presented in parentheses 

behind variables. 

PTC = Papillary thyroid carcinoma; FTC = Follicular thyroid carcinoma; MTC = Medullary thyroid carcinoma; 

ATC = Anaplastic thyroid carcinoma;  HT = hemithyroidectomy; CT = completion thyroidectomy; TT = total 

thyroidectomy;  CLND = cervical lymph node dissection. 
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Figure 5. Proportion of cervical lymph node dissections performed. 

 
 

Footnote Figure 5: R = Regional 

Table 4. Complications after thyroid surgery 

 2010-2013 2014-2017 2018-2019  Total 

Number of surgeries 269 359 90  718 

    p-value  

HT n=84 n=103 n=23  210 (29.2) 

Abcess requiring surgery 0 1 (1.0) 0 0.59 1 (0.5) 

Chyle leakage 0 0 0 n/a 0 

Bleeding requiring surgery 1 (1.2) 1 (1.0) 0 0.87 2 (1.0) 

Permanent recurrent nerve 

paresis 

2 (2.4) 2 (1.9) 1 (4.3) 0.79 5 (2.4) 

CT n=88 n=109 n=23  220 (30.6) 

Abcess requiring surgery 1 (1.1) 1 (0.9) 1 (4.3) 0.42 3 (1.4) 

Chyle leakage 0 1 (0.9) 0 0.60 1 (0.5) 

Bleeding requiring surgery 1 (1.1) 3 (2.8) 0 0.55 4 (1.8) 

Long-term 

hypoparathyroidism 

6 (6.8) 10 (9.2) 2 (8.7) 0.83 18 (8.2) 

    Permanent recurrent nerve 

paresis 

1 (1.1) 0 0 0.47 1 (0.5) 

TT n=97 n=47 n = 42  288 (40.1) 

Abcess requiring surgery 0 1 (0.7) 0 0.62 1 (3.5) 

Chyle leakage 6 (6.2) 4 (2.7) 4 (9.1) 0.17 14 4.9) 

Bleeding requiring surgery 3 (3.1) 8 (5.4) 1 (2.3) 0.53 12 (4.2) 

Long-term 

hypoparathyroidism 

16 (16.5) 38 (25.9) 6 (13.6) 0.09 60 (0.21) 

Permanent recurrent nerve 

paresis 

4 (4.1) 17 (11.6) 2 (4.5) 0.07 23 (8.0) 

Data are expressed as numbers (percentage) or as median [IQR]. Missing data is presented in 

parentheses behind variables. HT = hemithyroidectomy; CT = completion thyroidectomy; TT = total 

thyroidectomy.  The number of missing values are displayed with () after the variable name.  
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DISCUSSION 

This article shows a trend towards de-escalation in the treatment of thyroid cancer in the 

Southwestern region of the Netherlands between 2010 and 2021, where a regional 

collaborative network has been implemented in 2016. Although the 2015 ATA guideline 

advocate de-escalation of treatment for patients with low-risk differentiated thyroid 

cancer 17, Dutch thyroid cancer guidelines still recommend a total thyroidectomy followed 

by radioactive iodine therapy in every patient with a differentiated thyroid cancer larger 

than 1 centimeter 18. As observed in our study, the rate of thyroid lobectomy in patients 

with low-risk differentiated thyroid cancer has increased over time and a growing number 

of patients did not receive radioactive iodine therapy after total or completion 

thyroidectomy. This indicates that changes in the 2015 ATA guideline not only have 

implications for patients in America, but also for patients in countries which have not 

formally adopted these guidelines such as the Netherlands 19. De-escalating treatment 

strategies in the Southwestern of the Netherlands are often backed by the regional 

multidisciplinary tumor board, which benefits from the input of several experts in the field 

of thyroid cancer. However, treatment de-escalation in patients with low-risk 

differentiated thyroid cancer across the Netherlands requires some form of caution, as the 

Dutch patient cohort seems to include more patients with more aggressive tumor 

characteristics compared to international populations due to differences in initial 

diagnostic work-up 20.  

The proportion of patients with high-complex disease who were referred to the academic 

hospital remained high and stable over time (>85%), while more patients with low-risk 

papillary thyroid carcinoma received care only in the regional hospitals. This shift can be 

explained by the establishment of the Thyroid Network and its uniform care pathway 

which facilitates a standardized way of patient referral in the region 9. These shifts are in 

line with a report from the Dutch Ministry of Health, which stressed the importance of 

centralization of healthcare 13, 21. Before the implementation of the Thyroid Network, 

several regional hospitals performed lymph node dissections for patients with thyroid 

cancer with a median of 1 per year per hospital. After the establishment of the Thyroid 

network, it was agreed that all formal lymph node dissections should be performed in the 

level 1 academic hospital, which resulted in a significant decrease of dissections done in 

the regional hospitals (32% to 9%). In general, centralization of care is known to decrease 

postoperative morbidity and mortality 22. However, we did not observe clear decreases in 

postoperative complications over time in patients with or without cervical lymph node 

dissections. This could be partly explained to the relatively small sample size of the 

present study. To identify significant differences between cohorts when examining 

infrequent outcomes like most complications after thyroid surgery, a large sample size is 

required 23. Despite the centralization of lymph node dissections in academic hospital, our 

data indicate that 9% of all lymph node dissections have been performed in regional 

hospitals and 12% of complex patients were treated in regional hospitals after the 

initiation of the Thyroid Network. This indicates that there is room for improvement in 
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the centralization of patients with complex disease, which may ultimately decrease 

surgical complication rates.  

The time to discharge after total and completion thyroidectomy reduced over time, while 

the waiting time for surgery and radioactive iodine therapy became longer over time. The 

longest waiting time to radioactive iodine therapy was observed in the years 2020 and 

2021. This could be explained by the impact of the COVID-19 regulations on healthcare 

in these years 24. However, the rise in waiting times was already observed before the start 

of the COVID-19 pandemic. Another possible explanation could be the implementation 

of the regional, bi-weekly multidisciplinary tumor board since 2016. Although patients 

discussed in multidisciplinary tumor boards are more likely to receive more accurate and 

complete treatment recommendations in cancer care 25-28, several studies show that the 

implementation of multidisciplinary tumor boards could potentially lead to treatment 

delays 29, 30. However, the median waiting time for surgery in all cohorts was well below 

90 days, which is considered safe, as a 12-week delay in treatment does not seem to affect 

disease-specific or overall survival in patients with differentiated thyroid cancer 31, 32. It 

should be noted that these studies did not evaluate quality of life which could be decreased 

due to anxiety for waiting or improved by the assurance that the treatment plan is widely 

assessed and supported.  

This study has limitations. Long-term oncological and survival outcomes in patients with 

thyroid cancer were not available. In addition, not all operated patients could be evaluated 

for postoperative complications as not every patient had provided informed consent for 

the Thyroid Network Database study or missed concordant person identification numbers 

with the Netherlands Cancer Registry. This could have introduced selection bias of 

patients analyzed for postoperative complications. Since we did not compare the 

outcomes of our study cohort with hospitals outside the Thyroid Network, it is unclear 

whether similar trends in clinical management of thyroid cancer were observed in non-

network hospitals. Lastly, this study was conducted within the Dutch health care system. 

The results of this study may not extrapolate well to other systems due to possible 

variations in, for example, patient preferences, healthcare policies and regulations, and 

social norms 33. 

In order to continuously improve quality of thyroid cancer care, it is critical to measure 

outcome and quality indicators. The International Consortium for Health Outcomes 

Measurement (ICHOM) has reached consensus on a standard set of outcome 

measurements for, amongst others, lung, prostate, and breast cancer 34-36. For thyroid 

cancer care such a uniform standard set of outcome measurements has not yet been 

established. Some have proposed quality indicators for patients who receive surgical 

intervention for thyroid cancer 37. However, developing a standardized set of outcome 

measures is important to allow for valid comparison between and within health care 

organizations and define and improve quality of the clinical management of thyroid 

cancer. National quality registries can play a major role in prospective monitoring of 

quality of care through extensive data registration 38-40. 
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CONCLUSIONS 

This study shows the changes over time in clinical management of thyroid cancer and its 

outcomes in the Southwestern region of the Netherlands comprising 2.1 million 

inhabitants. The establishment of a regional oncological network coincided with a de-

escalation of thyroid cancer treatments and centralization of complex patients and 

interventions. However, no differences in postoperative complications over time were 

observed. In absence of uniform quality indicators to measure quality of care for patients 

with thyroid cancer, the impact on quality of care is still difficult to report. 
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ABSTRACT 

 

Purpose  

To determine whether adoption of radiofrequency ablation (RFA) in patients with 

symptomatic benign thyroid nodules (SBTNs) in a Dutch regional thyroid network 

resulted in clinical success and improvement in health-related and thyroid-related quality 

of life (QoL). 

 

Materials and methods  

The eligibility criteria for RFA were as follows: (a) nodule size between 2.0 and 5.0 cm, 

(b) solid component >20%; (c) benign cytology in 2 separate cytological assessments, and 

(d) symptoms unequivocally related to mechanical compression. The primary end point 

of this study was volume reduction 1 year after ablation. The secondary outcomes were 

health-related and thyroid-related QoL, measured using the short form health survey 

questionnaire (SF-36) and thyroid-specific patient-reported outcome questionnaire 

(ThyPRO-39), respectively, as well as adverse event rates. 

 

Results  

A total of 72 SBTNs in 67 patients were included. Median age was 50.0 (interquartile 

range, 41.0–56.0) years, and 91.0% were women. The median volume reduction at 6 

weeks, 6 months, 1 year, 2 years, and 3 years was 51.0%, 63.9%, 65.2%, 81.3%, and 

90.3%, respectively. The patients showed a significant improvement on the SF-36 

physical component scale and ThyPRO-39 overall QoL-impact scale. An absolute 

improvement was seen in goiter and cosmetic complaints, determined using ThyPRO-39. 

The overall adverse event rate was 9.0%, of which 4.5% were considered major. 

 

Conclusions  

RFA is an effective treatment option for SBTNs, with a significant volume reduction and 

improvement in health-related and thyroid-related QoL. 
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INTRODUCTION 

Epidemiologic studies show that about 5% of the adult population has a palpable thyroid 

nodule 1, 2. Although most thyroid nodules are benign and do not require medical 

treatment, some cause symptoms due to mechanical compression and mass effect, thus 

requiring an intervention. For a symptomatic benign thyroid nodule (SBTN), a 

hemithyroidectomy is the standard treatment. However, surgery may lead to 

complications such as wound infection in 0%-2%, haemorrhage up to 4.4%, and 

permanent laryngeal nerve paralysis ranging from 0%-11% 3-6. Furthermore, a scar is 

almost always visible, and 20-30% of the patients are at the risk of hypothyroidism, which 

may result in an impaired quality of life (QoL) despite adequate hormone supplementation 
7, 8. As a result of these outcomes, non-surgical minimally invasive alternatives have been 

explored. One of the alternative procedures for treating SBTN is radiofrequency ablation 

(RFA). The principle is based on localized heating of tissue with a high-frequency 

alternating current, which leads to necrosis and shrinkage of the thyroid nodule without 

damaging the surrounding tissues 9. Nodule volume reductions of 50-80% within the first 

year after treatment were reported 10-14. Although RFA is considered safe, various adverse 

events may occur. A recent systematic review showed a major and minor complication 

rate of 2.4%, including recurrent nerve damage, skins burns, and haematomas 15. 

Additionally, data on health-related QoL after RFA are still limited, especially with regard 

to disease-specific questionnaires such as the thyroid-specific patient-reported outcome 

questionnaire (ThyPRO-39) 16. In 2015, the Dutch Thyroid Network 

(www.schildkliernetwerk.nl) was the first in the Netherlands to implement this technique 

based on promising reports from South-Korea and Italy 9, 17. In this study, step-wise 

implementation and the initial results of patients with a SBTN undergoing RFA in the 

Dutch Thyroid Network are described. The primary aim of this study was to analyze the 

nodule volume reduction. Because data on health-related QoL are scarce, a secondary aim 

of this study was to assess the health-related QoL and thyroid specific QoL using the short 

form health survey questionnaire (SF-36) and ThyPRO-39 questionnaire. 

 

METHODS 

Patient selection and patient characteristics 

Patients undergoing RFA treatment for an SBTN were prospectively evaluated in three 

centers offering dedicated RFA from the Dutch thyroid network: 1 was the University 

Medical Center (Erasmus MC in Rotterdam; EMC) and 2 were general hospitals (Albert 

Schweitzer hospital in Dordrecht; ASZ and Ijsselland hospital in Capelle aan den Ijssel; 

YSL). The Dutch thyroid network is a regional interhospital network collaboration of 10  

hospitals in the southwest region of the Netherlands and aims to improve clinical thyroid 

care in the Netherlands. According to the regional care pathway, patients were eligible if 

the following criteria were fulfilled: ≥18 years of age; nodule size between 2.0 and 5.0 

cm; solid component > 20%, and benign cytology (Bethesda II) in two separate 

cytological assessments 18. The upper limit of 5.0 cm was an extra measure of precaution 

in the initial phase. After some experience was gained, a slightly larger size could be 
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accepted for an individual patient. Finally, mechanical mass effect complaints had to be 

severe enough that patients would be willing to undergo a different therapy (eg, surgery 

or radioiodine therapy). Mechanical mass effect complaints were defined as dysphagia, 

compression symptoms, a foreign body sensation, pain, or discomfort. None of the 

patients in this study were treated for cosmetic reasons. The exclusion criteria for RFA 

were as follows: contralateral vocal cord paralysis, anticoagulant therapy that could not 

be suspended, or unresolvable coagulation  disorders. Patients with two or more nodules 

were not eligible for RFA primarily. However, deviation from the protocol was possible 

on an individual basis. For statistical analyses, 87 SBTNs treated in 80 patients between 

November 2015 and August 2020, enabling at least 6 months of follow-up, were included. 

Autonomously functioning thyroid hormone-secreting nodules, patients without informed 

consent, and patients without complete measurements were excluded (Figure 1). The 

baseline characteristics of the cohort are summarized in Table 1. The median age of the 

final study cohort was 50.0 (interquartile range [IQR], 41.0–56.0) years, and 91.0% were 

women. All the patients were euthyroid before the procedure. At the baseline, the largest 

median nodule diameter was 3.8 (IQR, 3.2–4.9) cm, and the median nodule volume was 

15.5 (IQR, 8.4–32.0) mL. The treated nodules were mainly solid (90%; range, 80–100). 

Approval was obtained from the medical ethics committee of the Erasmus MC, and all 

the included patients gave informed consent. The Strengthening the Reporting of 

Observational Studies in Epidemiology (STROBE) statement guidelines for reporting 

observational studies were used. 

 

 

Figure 1. Study flow chart. 
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Excluded (n=15) 

Toxic adenoma n=2 

Less than 6 months follow-up n=5 
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Pre-procedural assessment  

The patients were informed about possible adverse events and were evaluated using 

clinical, laboratory, cytological, and ultrasound examinations before the RFA procedure. 

Three orthogonal diameters of the nodules were measured using ultrasound. The volume 

of the nodules was calculated using the ellipsoid formula: 

 

𝑉 =  
𝜋𝑎𝑏𝑐

6
  

 

V = Volume (mL) 

a = Largest nodule diameter (cm) 

b and c = Other two perpendicular diameters 

 

The laboratory examinations included the measurement of serum thyroid-stimulating 

hormone (TSH; normal range 0.4–4.3 mU/L), free thyroxine (FT4; normal range 11.0–

25.0 pmol/L), and erythrocyte sedimentation rate (normal range 0–20 mm/h); complete 

blood count; and blood coagulation tests (prothrombin time, activated partial 

thromboplastin time, international normalized ratio, and thrombocyte count) 

 

Radiofrequency ablation procedure and implementation  

Patients in the EMC and YSL hospitals were treated at the outpatient clinic under local 

anesthesia (10 mL of 2% lidocaine) and conscious sedation with analgesia or conscious 

sedation with propofol and fentanyl. In the ASZ hospital, patients were treated at the 

outpatient clinic under local anesthesia with 7.5 mg of midazolam. Under ultrasound 

guidance, the symptomatic benign thyroid nodule was accessed for ablation using a 

transisthmic approach and “moving-shot” technique, as described by Baek et al 1. We 

used an RF generator (HS Amica, Rome, Italy) and a VIVA RF system (MML Medical, 

Silvolde, The Netherlands) with a hand-sized 18-gauge electrode and an internally cooled 

0.7- or 1.0-cm active tip. Ablation was initiated at 30 W and increased by 10 W if the 

desired effect was not observed within 30 seconds. Cystic components were aspirated at 

the discretion of the interventional radiologist performing the procedure. However, in 

most cases, the interventional radiologist would proceed to ablation primarily and not 

aspirate the cystic component first. Nodules with large cystic components could have been 

treated with aspiration and sclerosis in the first place. If a sharp increase in impedance 

above 300 Ω was observed, the needle was moved to an untreated area within the nodule. 

All treatments were performed or supervised by 1 interventional radiologist (A.M.). The 

first 20 patients were treated at the EMC hospital and admitted overnight. Subsequent 

patients were offered treatment in an outpatient setting. Thereafter, the same diagnostic 

workup and treatment protocol was implemented in YSL and ASZ hospitals. 
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Follow-up 

Follow-up was performed using laboratory and ultrasound examinations; no other 

imaging modalities were used. Ultrasound examinations were performed at 6 weeks, 6 

months, and 12 months and annually for at least 5 years thereafter. The thyroid function 

was biochemically assessed at 12 months. The percentage of volume reduction (VR) was 

calculated using the following formula: 

 

𝑉𝑅 =  
(𝐼𝑉−𝐹𝑉)∙100

𝐼𝑉
  

 

VR = Volume reduction (%) 

IV = Initial volume (mL) 

FV = Final volume (mL) 

 

A nodule size smaller than 10 mL was considered small, medium-sized nodules were 

defined as 10–20 mL, and large nodules were larger than 20 mL. Additional treatment 

was allowed if the VR after 1 year was insufficient and if the mechanical mass effect 

complaints persisted and were related to the thyroid nodule. All nodules showing signs of 

growth were evaluated cytologically prior to the second RFA treatment. The adverse 

events were defined based on the Society of Interventional Radiology classification 

system 19. Major adverse events were defined as those requiring therapy or 

hospitalization, those with permanent adverse sequelae, and death. Other adverse events 

were considered minor. 

 

QoL assessment 

Health-related QoL was assessed since 2019 by means of the validated Dutch version of 

the Short Form Health Survey (SF-36) before RFA treatment and at 3, 6 and months 

follow-up. The SF-36 is a validated and standardized instrument for the measurement of 

the health-related QoL 20. It is composed of 36 questions and standardized response 

choices in eight different dimensions: physical functioning, bodily pain, role limitations 

because of physical problems (physical component), general health, vitality, social 

functioning, role limitations because of emotional problems (emotional component), and 

mental health. All scores are linearly transformed to a 0 to 100 scale, with higher scores 

associated with better QoL. The scale scores were aggregated into two summary scores: 

a physical component summary (PCS) and a mental component summary (MCS). The 

component summary scores are standardized using normative data from the US general 

population with a mean score of 50 and a standard deviation of 10 21. The thyroid specific 

QoL was measured at the same time points as the SF-36 using the Dutch translated 

Thyroid-specific Patient Reported Outcome short-form (ThyPRO-39) questionnaire, 

which is a validated questionnaire for thyroid diseases 16. The ThyPRO-39 is composed 

of 13 scales: goiter symptoms, hyperthyroid symptoms, hypothyroid symptoms, eye 

symptoms, tiredness, cognitive complaints, anxiety, depression, emotional susceptibility, 
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impaired social life, impaired daily life, cosmetic complaints/appearance, and overall 

QoL-impact scale. Each item is rated on a 0-4 Likert scale from “no symptoms or 

problems” to “severe symptoms or problems”. The ThyPRO-39 composite scale is based 

on the 22 items from the scales of tiredness, cognition, anxiety, depression, emotional 

susceptibility, impaired social life, impaired daily life, and overall QoL-impact scale. 

Scores are transformed to a 0 to 100 scale, with higher scores indicating a worsened QoL. 

Greater scores in the scales, overall QoL-impact, and Composite Scale indicate a 

worsened HRQOL. The ThyPro-39 composite scale and overall QoL-impact score were 

calculated.  

 

End points 

The primary end point of this study was the VR of the nodules 1 year after the RFA 

treatment. The secondary end points were health-related QoL, thyroid-specific QoL, and 

adverse event rate 

 

Statistical analysis 

The data were assessed for normality using the Shapiro-Wilk normality test. Continuous 

variables were expressed as medians with interquartile ranges as appropriate. Categorical 

variables were described as count and percentages. The Wilcoxon signed rank test was 

used to compare changes in largest nodule diameter, volume changes and changes in QoL 

between baseline and each follow-up moment. Two-tailed p < 0.05 values were 

considered statistically significant. For the QoL data, superiority testing was only 

performed for the SF-36 component scores (PCS and MCS) and the ThyPro-39 overall 

QoL-impact scale and composite scale due to the low number of cases. Statistical analyses 

were performed with IBM SPSS version 24.0 (Armonk, NY: IBM Corp). 
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RESULTS 

 

Follow-up after RFA regarding nodule diameter and volume  

The largest nodule volume and median volume changes are depicted in Figure 2. The 

nodule volume decreased significantly from 15.5 (IQR, 8.4–32.0) mL to 5.4 (IQR,1.5–

13.1) mL 1 year after the RFA treatment and 1.5 (IQR, 0.3–6.6) mL after 3 years, 

corresponding to a VR of 65.2% (P < .001) and 90.3% (P = .012), respectively. Initially, 

smaller and medium-sized nodules showed a greater VR at 1 year (71.4% and 76.7%, 

respectively) than larger nodules (60.1%) (Table 2). However, the VR was similar for 

small, medium, and large nodules after 2 years of follow-up (79.6%, 75.3%, and 75.5%, 

respectively). All the patients remained euthyroid at 1 year of follow-up. The median 

follow-up time was 11.3 (IQR, 9.3–23.0) months. Figure 3 shows the results of a case at 

1 year of follow-up. 

 

Necessity of re-treatment 

Four (5.6%) patients underwent a second RFA session. One patient underwent 2 ablations, 

with no VR after either procedure and no change in the symptoms. The patient is 

considering alternative therapies. The remaining 3 patients underwent the second ablation 

session 1 year after the initial procedure because of persistent symptoms of mechanical 

compression despite a VR of 33.3%, 20%, and 42.5% in their SBTN. Of the 3 patients, 2 

remained symptomatic despite achieving further VR (86.7% and 58.0%). The results of 

Table 1. Baseline characteristics 

Clinical values No. (%) 

Age (y)  50.0 [41.0 – 56.0]  

Sex  

   Male 6 (9.0%) 

   Female 61 (91.0%) 

TSH (mU/L) 1.27 [0.82 – 1.66] 

FT4 (pmol/L) 14.0 [12.3 – 16.4] 

Diameter (cm)   3.8 [3.2 – 4.9] 

Volume (mL) 15.5 [8.4 – 32.0] 

Solidity (%) 90.0 [80.0 – 10.0] 

Follow-up time (m) 11.3 [9.3 – 23.0]  

Data are expressed as a percentage or as median [IQR] 
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the third patient are forthcoming. A fifth patient experienced recurrence 4 years after 

RFA, with Bethesda IV histology in a cytological assessment, for which a 

hemithyroidectomy was performed (1.5% recurrence). The thyroid nodule was proven to 

be an adenoma on histopathology. Lastly, a sixth patient received radioiodine treatment 

for a multinodular goiter. 

 

 

Figure 2. Median nodule volume changes over time and volume reduction (VR). 

 

 
Footnote Figure 2: VR is reduction as compared to baseline.  * p-value <0.001 ** p-value = 0.012. 

P-values for differences in volume are between baseline and each follow-up moment. 
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Table 2. Changes in thyroid nodule volume in smaller and larger nodules 

 <10 mL 10-20 mL >20 mL 

 No. Volume 

(mL) 

VR 

(%) 

No. Volume (mL) VR 

(%) 

No. Volume (mL) VR (%) 

Baseline 23 4.9 [3.9-8.0]  24 14.6[13.0-17.2]  25 44.1 [30.1-54.6]  

6 weeks 16 3.3 [2.1-5.9] 32.7 16 5.8 [4.5-8.9] 60.2 17 23.3 [20.8-25.4] 47.2 

6 months 21 2.2 [1.1-3.1] 55.1 23 4.7 [2.9-8.1] 67.8 24 16.1 [10.5-25.8] 63.5 

1 year 18 1.4 [1.0-2.7] 71.4 17 3.4 [1.4-7.1] 76.7 19 17.6 [10.5-25.8] 60.1 

2 years 9 1.0 [0.1-2.2] 79.6 6 3.6 [0.9-5.1] 75.3 5 10.8 [6.8-16.9] 75.5 

3 years 6 0.4 [0.1-2.2] 91.8 2   1   

The data are expressed as percentage or median (interquartile range). 

VR = volume reduction.  

∗VR is the percentage of volume reduction compared with baseline. 

†Median and interquartile range were not calculated because of the low sample size. 

 

 

 

 

 

 

Figure 3. (a) Transverse ultrasound image of a SBTN before RFA treatment measuring 

3.3 x 2.0 x 2.1 cm (b) and 1 year after RFA treatment reduced in size to 1.5 x 1.0 x 0.6 

cm. 

       
a)           b) 
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Adverse events  

The overall adverse event rate was 9.0 % (6/67), of which 3 (4.5%) were major and 3 

(4.5%) were minor adverse events. One patient had a hematoma, which resolved 

spontaneously within weeks. Three patients complained of vocal changes, 2 of whom 

recovered within months without any intervention. Of the 3 major adverse events, one 

(1.5%) patient had a superior laryngeal nerve injury requiring speech therapy. The other 

2 major adverse events were pain and swelling several days after the RFA treatment, both 

of which were deemed as sterile inflammation due to nodule rupture, as described by Shin 

et al 22.  

 

QoL outcomes 

In total, 19 patients were asked to respond to the question naires, of which 2 declined 

participation and 3 never responded. Therefore, the SF-36 and ThyPRO-39 questionnaires 

were completed by 14 patients before and after 3, 6, and 12 months. In this subgroup, the 

median age was 51.0 (IQR,46.0–55.5) years, 100% of the patients were women, and the 

baseline nodule volume was 19.4 (IQR, 13.7–37.8) mL, which is comparable with that in 

the total cohort. The median VR in this subgroup was 30.4%, 47.4%, and 53.1% at 6 

weeks, 6 months, and 12 months, respectively. The QoL scores at the baseline and during 

follow-up for SF-36 and ThyPRO-39 are shown in Figures 4 and 5. The SF-36 PCS 

significantly improved after 3 months but was not significant at 6 and 12 months 

compared with that at the baseline. The ThyPRO-39 overall QoL-impact scale improved 

significantly after 3 months and remained significant during the next follow-up time 

points. A significant improvement was also seen in the composite scale after 3 months. 

The ThyPRO-39 score showed improvement in goiter symptoms, cosmetic complaints, 

and tiredness at 3, 6, and 12 months compared with those at the baseline. However, 

superiority was not statistically tested because of the small sample size. 
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Figure 4. Bar chart shows median Short Form Health Survey-36 dimension scores in 

patients before RFA treatment and 3, 6 and 12 months after RFA treatment. 

 
Footnote Figure 4: * p-value < 0.05, with Wilcoxon Signed ranks test. Data are presented as median 

[25-75]. 

 

 

 

 

Figure 5. Bar chart shows the median Short Form ThyPRO-39 dimension scores in 

patients before RFA treatment and 3, 6 and 12 months after RFA treatment. 

 
Footnote Figure 5: * p-value < 0.05, with Wilcoxon Signed ranks test. Data are presented as median 

[25-75]. 

 

 

 

 

 



Radiofrequency ablation for benign symptomatic thyroid nodules 

 

85 

4 

DISCUSSION 

In 2015, the Thyroid Network in the South-West region of the Netherlands implemented 

RFA as a treatment modality for SBTN. This study reports the outcomes of introducing 

this technique and assessing the QoL using two questionnaires. RFA induced a significant 

VR of 70% at 1 year and approximately 80% at 2 years. These results are comparable 

with the published literature 23-26. A recent multicenter study demonstrated that the best 

response (a VR of 82% after 1 year) was achieved in small nodules with an initial volume 

of <10 mL 25. This study confirmed the occurrence of improved results of RFA for small 

SBTN at 1 year; however, the results were not maintained at two years of follow-up. 

Additionally, Rabuffi et al. did not find any relationship between nodule size and VR after 

1 year 27. In this study, serum thyroid-stimulating hormone and free thyroxine levels 

remained within the normal range during the first year after RFA, which is consistent with 

the literature 10, 27. 

The recurrence rate in this study was lower than that described in the literature (5.0% to 

24.1%) 28, 29.  Moreover, the number of patients requiring repeat treatment sessions (5.6%) 

was lower compared with that in the literature. Lim et al. showed that nearly 60% of 

patients required two or more sessions, and Spiezia et al. described repeat sessions in 

more than 34% of patients 24, 28. Furthermore, other studies have shown that a single 

treatment session is sufficient for the treatment of smaller SBTN but that multiple sessions 

may be required for large nodules, because of their higher recurrence risk 25, 30. However, 

a consensus or guidelines regarding the indication and timing repeat treatment sessions is 

still lacking.  

Several studies have compared RFA with surgery in terms of efficacy and safety. Che et 

al. reported a higher rate of adverse events and longer hospitalization duration in patients 

who underwent surgery 31. However, the cost difference was not significant. Another 

study by Bernardi et al. showed that RFA costs 2.6 times less than surgery, without 

including social costs 32. In addition, surgery poses a higher risk of iatrogenic 

hypothyroidism and recurrent nerve paralysis 4, 7, 8. In the present study, the overall 

complication rate was 9.0%, which is higher than previously reported by  Baek et al 12. 

They reported an adverse event rate rate as low as 3.3% in 1459 patients. These 

differences could be explained by the lower sample size and difference in procedural 

experience. The same study reported that major adverse event rates were significantly 

higher in patients treated by less-experienced operators (<50 ablations performed) than in 

patients treated by experienced operators (>100 ablations performed). It should be noted 

that all adverse events in this cohort occurred in the first 50 patients, and it is expected 

that the overall complication rate will be lower when more procedures are performed. 

Because of the interhospital collaboration of the Thyroid Network, RFA can be offered 

in dedicated hospitals which enables more rapid development and maintenance of 

expertise. Although, the complication rate was higher, only one patient had permanent 

vocal changes. Nevertheless, this highlights the fact that, similar to surgical interventions, 

patients complaints must be weighed against the disadvantages of the intervention and 

patients should be informed thoroughly regarding the risks.  
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The health-related QoL, measured using SF-36, of patients treated with RFA has been 

reported to be better than that of patients who undergo surgery for SBTN 33. The current 

study showed that patients undergoing RFA have a significant increase in the PCS score, 

measured using the SF-36 questionnaire, after 3 months. A previous study that measured 

the PCS score in a cohort in the Netherlands that underwent surgery for a SBTN did not 

show significant differences compared with the QoL at the baseline 34. Moreover, the 

patients in this cohort showed higher PCS scores at the measured time points, which 

suggests a benefit of RFA compared with surgery. The MCS scores showed similar results 

at every time point. A study by Valcavi et al. assessed the health-related QoL using the 

SF-12 health survey, which is a reduced form of the SF-36 questionnaire and can also be 

summarized using PCS and MCS score 35. They showed a significant improvement in 

both MCS and PCS 1 year after RFA treatment, which was maintained for more than two 

years. More recently a randomized controlled trial showed that thermal ablation for an 

SBTN was superior to surgery in terms of patient satisfaction and thyroid-related QoL 36. 

However, thyroid thermal ablation was defined as RFA and microwave ablation, and the 

effect of RFA alone was not evaluated. The thyroid-related QoL was measured using the 

thyroid-specific QoL questionnaire scale, which is a disease specific questionnaire for 

thyroid cancer survivors. This study showed that patients undergoing thermal ablation 

scored better in terms of physical, psychological and social well-being. A thyroid specific 

questionnaire, such as the ThyPRO-39 questionnaire, which has been validated for benign 

thyroid diseases, is expected to be more sensitive than a general health survey or a 

questionnaire for thyroid cancer survivors. In the ideal world, a randomized controlled 

trial would be performed to compare RFA with surgery, with a primary outcome of QoL, 

measured using thyroid specific questionnaires such as the ThyPRO-39. Currently, data 

on thyroid specific QoL measured using the ThyPRO-39 questionnaire in patients with 

an SBTN treated with RFA are scarce. A recent study showed a significant improvement 

of the thyroid-specific QoL 6 months after RFA 37. Unfortunately, no data on the specific 

domains were reported and longest follow-up duration was 6 months. On the contrary, in 

a study by Oddo et al., improved QoL scores, measured using ThyPRO-39, were not 

observed within the first three years after RFA 38. It should be noted that their mean VR 

was only 27% after 1 year and 45% after three years, which is lower than that reported in 

the current and previous studies. This study showed a significant improvement in the 

ThyPRO-39 overall QoL-impact scale and composite scale. Furthermore, the ThyPRO-

39 score showed improvement in goiter symptoms and cosmetic complaints, which 

corresponds to the adequate VR rates. However, superiority was not tested because of the 

small sample size. Other minimally invasive techniques, such as laser ablation, are being 

introduced for the treatment of SBTN. Laser ablation has shown promising results with 

significant improvement in thyroid-specific QoL, measured using the ThyPRO-39 39, 40. 

Future studies will show which technique should be used for which patient, enabling 

patient tailored medicine.  

This study has several limitations. First, it is a non-randomized study, without a direct 

comparison group. Second, the sample size was relatively small with a median follow up 
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of 12 months. Therefore, limited conclusions regarding possible regrowth can be drawn 
28, 29. Long-term follow-up data must be used to assess regrowth rates and concomitant 

cytology results. Third, the QoL assessment was performed only starting in 2019, 

resulting in only 14 patients with data. Because of the small number of patients, 

superiority testing was only performed for the SF-36 PCS and MCS as well as the 

ThyPRO-39 overall QoL-impact scale and composite scale. Moreover, some degree of 

bias could not be ruled out because the patients were asked to fill in questionnaires starting 

from 2019. Therefore, it is a reflection of the period in which more experience was gained 

with the RFA technique. 

 

CONSLUSIONS 

In conclusion, the current study showed that RFA is an effective treatment option for 

SBTNs, with significant VR and improvement in health-related and thyroid-related QoL. 

Although the major adverse event rates are relatively low, patient complaints must be 

weighed against the disadvantages of the intervention and patients should be informed 

thoroughly regarding the risks. RFA is a suitable alternative to the surgical treatment of 

SBTNs and can be offered to patients qualifying for treatment based on the severity of 

symptoms. 
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ABSTRACT 

Radiofrequency ablation (RFA) is a technique that uses a needle to generate local thermal 

energy. This minimally invasive technique is used in patients with a symptomatic benign 

thyroid nodule, so that surgical resection can be avoided. There is now scientific evidence 

that RFA can reduce the volume of the benign symptomatic thyroid nodule and 

contributes to a significant reduction of complaints. RFA is also included in international 

guidelines as an alternative treatment option for patients with a symptomatic benign 

thyroid nodule, in addition to surgery. 

 

SAMENVATTING 

Radiofrequente ablatie (RFA) is een techniek waarbij men met behulp van een naald 

selectief weefsel kan verhitten en doen afsterven. Deze minimaal invasieve techniek 

wordt ingezet bij euthyreote patiënten met een solide – dat wil zeggen: > 25% van het 

volume is solide –, symptomatische, benigne schildkliernodus, zodat chirurgische resectie 

achterwege gelaten kan worden. Inmiddels is er ruimschoots wetenschappelijk bewijs dat 

RFA kan zorgen voor volumereductie van de schildkliernodus en daardoor bijdraagt aan 

significante vermindering van de klachten. RFA is naast chirurgie opgenomen in 

internationale richtlijnen als alternatieve behandeloptie voor patiënten met een 

symptomatische benigne schildkliernodus. 
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Artikel 

Welke techniek? 

Radiofrequente ablatie (RFA) kan worden toegepast om patiënten met een benigne 

schildkliernodus te behandelen. Bij RFA plaatst men een naald in een schildkliernodus en 

leidt hier stroom doorheen (figuur 1) 1. Hierdoor wordt het weefsel rond de naald zodanig 

verhit dat het afsterft en in enkele maanden afneemt in grootte. Het effect van een RFA-

behandeling kunnen we illustreren met echografische beelden (figuur 2). De ablatie wordt 

veelal uitgevoerd onder plaatselijke verdoving in een poliklinische setting of onder 

sedatie-analgesie. 

 

Figuur 1: Radiofrequente ablatie van een benigne schildkliernodus 

 
 

Figuur 2: Het effect van radiofrequente ablatie van een benigne schildkliernodus 
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Wat is er inmiddels bekend over de effectiviteit en over bijwerkingen? 

In 2019 zijn langetermijnresultaten gepubliceerd die lieten zien dat 5 jaar na de 

behandeling de volumereductie van de nodus gemiddeld 70% bedroeg en dat de 

mechanische en cosmetische symptomen verbeterd waren 2. Inmiddels is ook bekend dat 

3-5 jaar na de behandeling zo’n 10% van de schildkliernodi is teruggegroeid. 

Risicofactoren hiervoor zijn een groot volume voorafgaand aan de ablatie, goed 

gevasculariseerd schildklierweefsel en incomplete ablatie van de nodus. Ernstige 

complicaties na een RFA-sessie komen voor bij 1-2% van de patiënten. Tijdelijke en 

permanente stemveranderingen zijn hiervan de belangrijkste; deze treden op bij 

respectievelijk 1% en < 0,2% van de patiënten. Andere mogelijke complicaties zijn 

hematomen en verbranding van de huid (< 1%). Daar staat tegenover dat chirurgische 

complicaties, zoals permanente hypothyreoïdie en schade van de stembandzenuw, 

optreden bij respectievelijk 30% en 1-2% van de patiënten die een hemithyreoïdectomie 

hebben ondergaan. 

Hoewel gegevens over de kwaliteit van leven na RFA schaars zijn, laat een retrospectieve 

cohortstudie uit China zien dat patiënten die zijn behandeld met RFA een betere kwaliteit 

van leven hebben dan patiënten die zijn geopereerd 3. Gezien deze positieve resultaten 

heeft de European Thyroid Association (ETA) in 2020 een richtlijn gepubliceerd voor het 

gebruik van RFA bij benigne schildkliernodi 4. Hierin wordt RFA naast chirurgie als een 

gelijkwaardige alternatieve behandeling beschouwd voor patiënten met een 

symptomatische benigne schildkliernodus. Doordat een deel van de schildkliernodi 

teruggroeit na primaire behandeling met RFA, wordt follow-up gedurende een lange 

termijn aanbevolen. 

De toepassing van RFA wordt sinds kort ook onderzocht bij patiënten met een primair 

papillair microcarcinoom van de schildklier (papillair schildkliercarcinoom met een 

diameter ≤ 10 mm). Een meta-analyse uit 2020 laat veelbelovende resultaten zien 5. Bij 

meer dan 70% van de patiënten was er 3 jaar na de behandeling sprake van complete 

ablatie en er was een laag aantal patiënten met een recidief (< 1%). 

 

Is de techniek kosteneffectief gebleken? 

Alhoewel RFA over het algemeen als kosteneffectief wordt beschouwd, zijn 

kosteneffectiviteitsanalyses van RFA vergeleken met chirurgie bij benigne 

schildkliernodi schaars en de onderzoeken spreken elkaar tegen. Volgens Chinees 

onderzoek uit 2016 was het door de hoge kosten van RFA-apparatuur onwaarschijnlijk 

dat RFA kosteneffectief zou zijn 3. Als de beschikbaarheid van RFA toeneemt, kan de 

prijs-kwaliteitverhouding in de toekomst mogelijk verbeteren. Ook zouden patiënten 

minder lang onder controle hoeven te blijven naarmate de kennis over RFA toeneemt, wat 

de kosteneffectiviteit positief kan beïnvloeden. Er zijn nog geen analyses verricht voor de 

Nederlandse situatie. 
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Welke indicaties zijn er inmiddels? 

In Nederland wordt RFA aangeboden aan euthyreote patiënten met een cytologisch 

bewezen benigne schildkliernodus (Bethesda-klasse 2) met een solide component van > 

25% en dermate ernstige klachten door massawerking dat een ingreep gerechtvaardigd is. 

Wanneer de klachten niet door de nodus zelf veroorzaakt worden, zal een ingreep met 

RFA de situatie niet verbeteren en mogelijk zelfs verslechteren. 

In Nederland wordt RFA niet aangeboden aan patiënten met alléén cosmetische 

bezwaren, schildkliernodi groter dan 5 cm, multinodulair struma of cysteuze 

schildkliernodi. Schildkliernodi met een hoofdzakelijk cysteuze component (> 75% van 

het volume) worden behandeld met ethanol-ablatie. RFA wordt momenteel niet standaard 

ingezet voor de behandeling van een papillair microcarcinoom of een toxische 

schildkliernodus. 

 

Waar in Nederland? 

Eind 2021 werd de behandeling met RFA aangeboden in minimaal 12 verschillende 

ziekenhuizen in Nederland. Nationale registratie van patiënten die met RFA behandeld 

zijn is gewenst om de kwaliteit van zorg te blijven waarborgen. Voor de toekomst is het 

belangrijk om kritisch te blijven kijken naar de indicaties en de juiste patiënten te 

selecteren voor de juiste interventie. 
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ABSTRACT 

 

Background 

The worldwide incidence of papillary thyroid carcinoma (PTC) has increased. Efforts to 

reduce overtreatment follow two approaches: limiting diagnostic workup of low-risk 

thyroid nodules and pursuing active surveillance (AS) after diagnosis of microscopic PTC 

(mPTC). However, most studies on AS have been performed in countries with a relatively 

high proportion of overdiagnosis and thus incidental mPTC. The role of AS in a 

population with a restrictive diagnostic workup protocol for imaging and fine-needle 

aspiration remains unknown. Therefore, the aim of this study was to describe the 

proportion and characteristics of patients with mPTC in the Netherlands and to describe 

the potential candidates for AS in a situation with restrictive diagnostic protocols since 

2007. 

 

Methods 
All operated patients with an mPTC in the Netherlands between 2005 and 2015 were 

identified from the Netherlands Cancer Registry database. Three groups were defined: 

(Group 1) mPTC with preoperative distant or lymph node metastases, (Group 2) mPTC 

in pathology report after thyroid surgery for another indication, and (Group 3) patients 

with a preoperative high suspicious thyroid nodule or proven mPTC (Bethesda 5 or 6). 

Only patients in Group 3 were considered potential candidates for AS. 

 

Results 
A total of 1018 mPTC patients were identified. Group 1 consisted of 152 patients with 

preoperatively discovered metastases. Group 2 consisted of 667 patients, of whom 16 

(2.4%) had lymph node metastases. There were 199 patients in Group 3, of whom 27 

(13.6%) had lymph node metastases. After initial treatment in Group 3, 3.5% (7/199) of 

the patients had recurrence. 

 

Conclusions 
Restrictive diagnostic workup strategies of patients with small thyroid nodules lead to 

limited patients eligible for AS and a higher incidence of lymph node metastases. We 

believe that there is limited additive value for AS in countries with restrictive diagnostic 

workup guidelines such as in the Netherlands. However, if an mPTC is encountered, AS 

can be offered on an individual basis. 
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INTRODUCTION 

The worldwide incidence of papillary thyroid carcinoma (PTC) has increased 1-3. This 

rising incidence is due to a significant increase in the use of diagnostic imaging modalities 

(e.g. ultrasonography, computed tomography [CT] and magnetic resonance imaging 

[MRI]) 4-7 and the improvement of quality of the postoperative pathological examination 
8 as prevalence rates of PTC in autopsies over the last 45 years remain stable 9. The rising 

incidence of PTC alongside a stable or even declining mortality rate 1, 10, 11 combined with 

the stable prevalence in autopsies is highly suggestive for overdiagnosis and 

overtreatment of PTC 12, 13. The latter is in line with the observation that particularly the 

incidence of microscopic PTC (mPTC, PTC with the largest dimension of 1.0 cm or less) 

is rising. Where in 1990 only 25% of detected thyroid cancers in the United States was an 

mPTC, this number increased to 40% in 2008 13. The clinical significance of mPTC still 

remains unclear. Some suggest that mPTC are indolent tumors and have no impact on 

survival and morbidity 1. However, a study by Mehanna et al. suggested the existence of 

at least two different entities of mPTC 14. They found that incidental mPTC had a lower 

incidence of lymph node metastases and a lower risk of recurrence than non-incidental 

mPTC, and they, therefore, propose less aggressive treatment in patients with incidentally 

found mPTC. 

Currently, worldwide efforts have been made to reduce overtreatment using a parallel 

approach, in which a limited workup of incidentally found thyroid nodules is combined 

with active surveillance (AS) after diagnosis of mPTC. Most international guidelines are 

shifting to a less aggressive treatment approach in order to reduce overtreatment mostly 

by advocating the use of AS instead of immediate surgery for patients with unifocal 

mPTC without lymph node metastasis. AS entails monitoring the patient over time with 

neck ultrasounds and only operate when progressive disease is encountered. This strategy 

reduces the number of patients exposed to surgical morbidity and has comparable 

oncological outcomes to immediate surgery 15-17. However, most studies on AS have been 

performed in countries with a relatively high proportion of overdiagnosis and thus 

incidental mPTC 18.  

The 2015 American Thyroid Association (ATA) guidelines recommend AS as an 

alternative treatment option for patients with low-risk mPTC and also adopted a more 

restrictive diagnostic workup for thyroid nodules, advocating not to perform fine-needle 

aspiration (FNA) in non-palpable nodules (< 1.0 cm) 19. However, if no FNA is performed 

in the vast majority of nodules <1cm, AS may not have a large additive value in the 

reduction of overtreatment. Since 2007, Dutch national guidelines advocated, in contrast 

to various other earlier guidelines 4, 20-22, to only perform FNA in palpable (assuming 

larger than 1 cm) nodules 23. In addition, thyroid incidentalomas found on ultrasound, CT 

and MRI have no strict indication for further follow-up. Only [ 18F]2-fluoro-2-deoxy-D-

glucose (FDG) positron emission tomography (18FDG-PET)(/CT)-positive 

incidentalomas are evaluated by means of FNA cytology due to the relatively higher risk 

of malignancy 24. Currently, the role of AS in a population with a highly restrictive 

diagnostic workup protocol for imaging and performing FNA remains unclear.  
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Therefore, the aim of this study was to describe the proportion and characteristics of 

patients with mPTC in the Netherlands.  The potential candidates for AS are described in 

a situation where more restrictive diagnostic protocols have been implemented since 

2007.  

 

 

METHODS 

Data collection 

Data was obtained from the Netherlands Cancer Registry managed by the Netherlands 

Comprehensive Cancer Organization (IKNL) and from the Dutch registry of histo- and 

cytopathology reports (PALGA). Adult patients diagnosed and treated for mPTC in the 

Netherlands from January 2005 to December 2015 were included. They were identified 

by means of pathology reports in which the tumor had to be ≤ 1.0 cm in the largest 

dimension, using the Eight Edition of the American Joint Committee on Cancer TNM 

classification 25. Patients with unknown tumor diameter were also included if the report 

explicitly stated that a microcarcinoma was found in the specimen. All reports that were 

identified by IKNL as T1a and T1 were reviewed. Baseline characteristics (age, sex and 

follow-up time), findings from the pathology reports (tumor diameter, number of 

localizations, type of mPTC, co-existence of thyroiditis, vascular/capsular invasion, 

multifocality, bilaterality, extrathyroidal extension, lymph node involvement, BRAF-

mutation, encapsulating tumor and complete [R0] or less than complete [R1 and R2] 

resection), follow-up and recurrence data were collected. Recurrence was defined as local 

recurrence of disease, the occurrence of lymph node metastases and distant metastases 

after initial treatment. This study was approved by the Medical Ethics committee of the 

Erasmus Medical Center (MEC-2018-1195). The STROBE guideline for reporting 

observational studies was used. 

 

Patients 

Three patient groups were defined: (Group 1) patients with preoperative pathologically 

proven lymph node or distant metastases of mPTC, (Group 2) patients with mPTC in a 

pathological specimen after thyroid surgery for another indication (e.g., Graves’ disease, 

Bethesda 3 or 4 nodules, multinodular goiter), and (Group 3) patients with a preoperative 

high suspicious thyroidal nodule or proven mPTC (Bethesda 5 or 6). Patients in Group 1 

are not candidates for AS due to lymph node or distant metastases. As patients in Group 

2 underwent surgery for another indication, they are not candidates for AS for mPTC 

(incidentally) found in the specimen. Patients in Group 3 were classified as potential 

candidates for AS. 
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Statistical analysis 

Descriptive statistics were used to express continuous variables with normal distribution 

as mean with standard deviation or abnormal distribution as median with interquartile 

range (IQR). Distribution was assessed using the Shapiro-Wilk normality test. 

Categorical variables are described as count (n) and percentage (%). Differences between 

the groups were analyzed using the Mood’s median test for continuous variables and the 

Pearson Chi-square or Fisher's exact test for nominal variables.  

The Kaplan Meier method was used to estimate recurrence-free survival, and the log-rank 

test was used to evaluate statistical differences in recurrence between the different groups. 

IBM SPSS Statistics 25 (IBM Corp., Armonk, NY) and R 3.6.3 were used to perform all 

statistical analyses. p-values of <0.05 were considered significant. No data imputation 

was used for missing data. 

 

RESULTS 

Patient and treatment characteristics  

From January 2005 until December 2015 a total of 6,477 patients were diagnosed with 

thyroid cancer in the Netherlands 26. A total of 1459 patients were identified as T1a or T1. 

After review of the pathology reports, 441 patients were excluded (Figure 1). In 1018 

patients, an mPTC diagnosis was confirmed, representing 15.7% of the total number of 

thyroid cancer cases in the study period in the Netherlands. Patients had a median follow-

up time of 68.7 [IQR: 42.8–102.6] months. The median age at time of diagnosis was 50.0 

[IQR: 41.0–60.0] years and 75.8% were female. The median tumor diameter in the 

pathological specimen was 6.0 [IQR: 3.0–8.0] mm. In total, 368 (36.1%) patients 

underwent a total thyroidectomy, 240 (23.6%) underwent a completion thyroidectomy, 

and 401 (39.4%) patients underwent a hemithyroidectomy. In total, 397 (39.0%) patients 

received radioiodine ablation (RAI) treatment after total or completion thyroidectomy, 

and therapeutic cervical lymph node dissection was performed in 170 (16.7%) patients. 

Prophylactic cervical lymph node dissections were not performed. Additional baseline 

characteristics are summarized in Table 1. 
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Table 1 Clinical and histopathological characteristics of microscopic papillary thyroid 

carcinoma patients in the Netherlands  (N=1018)  

Age (years) 50 [41.0-60.0] 

Sex 

   Female 772 (75.8%) 

   Male 246 (24.2%) 

Presentation of mPTC 

   Group 1: Pre-operative lymph node/distant metastases 

   Group 2: Resection for other indication  

   Group 3: AS candidates 

152 (14.9%) 

667 (65.6%) 

199 (19.5%) 

Follow-up (months) 68.7 [42.8-102.6] 

Surgical treatment 

   Hemi thyroidectomy and follow-up 401 (39.4%) 

   Total thyroidectomy with RAI 236 (23.2%) 

   Completion thyroidectomy with RAI 160 (15.7%) 

   Total thyroidectomy without RAI 132 (13.0%) 

   Completion thyroidectomy without RAI 80 (7.9%) 

   Thyroglossal-duct resection 6 (0.6%) 

   Isthmus resection 2 (0.2%) 

   Lateral neck cyst resection  1 (0.1%) 

CLND 170 (16.7%) 

   CCLND  109 (64.1%) 

   LCLND  114 (67.1%) 

   Location unknown 24 (14.1%) 

Non-surgical treatment  
   Radioactive Iodine treatment 397 (39.0%) 

Pathology report 

   Diameter (mm) (n=19)a 6.0 [3.0-8.0] 

   Diameter ≥ 5.0 mm (n=19) 616 (61.7%) 

   Vascular invasion 32 (3.1%) 

   Bilaterality 131 (12.9%) 

   Less than complete resection (R1 and R2) 75 (7.4%) 

   Capsular invasion 30 (2.9%) 

   Multifocality 275 (27.0%) 

   Extrathyroidal extension 13 (1.3%) 

   Encapsulated tumor 29 (2.8%) 

   Invasion through capsule 11 (1.1%) 

Metastases 

   Lymph node 193 (19.0%) 

   Distant 4 (0.4%) 

Recurrence 

   Overall recurrence 39 (3.8%) 

   Lymph node 37 (3.6%) 

   Distant 2 (0.2%) 

   Local 1 (0.1%) 

Data are expressed as numbers (percentage) or as median [IQR]; Missing data are presented  in 

parentheses behind variables.  ª Certain mPTC but precise diameter unknown. AS, active surveillance; 

CLND, Concomitant cervical lymph node dissection; CCLND, Central CLND (level VI); LCLND, 

Lateral CLND (level II-IV) (total number of dissections); mPTC, microscopic papillary thyroid 

carcinoma; RAI, radioidine ablation. 
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Figure 1. Flowchart of patient enrollment. FTC, follicular thyroid carcinoma; MTC, 

medullary thyroid carcinoma. 

 

 
 

 

Active surveillance candidates 

Group 1 consisted of 152 patients (14.9%) who were diagnosed with an mPTC and 

preoperative cytology or pathology-proven lymph node or distant metastases. Group 2 

consisted of 667 patients (65.6%) who were incidentally diagnosed after thyroid surgery 

for another indication. The remaining 199 (19.5%) mPTC patients were treated because 

of a preoperative Bethesda 5 or 6 result after FNA cytology and categorized into Group 

3. Figure 2 shows the yearly distribution of these groups. At highest, 30 patients annually 

would have been suitable for AS. 

 

Figure 2. mPTC over the period 2005–2015 in the Netherlands. mPTC, microscopic 

papillary thyroid carcinoma. 
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Follow-up  

Overall, lymph node metastases were found in 19.0% of the total cohort while the 

percentage of distant metastases was 0.4%. Group 1 showed a lymph node metastases 

percentage of 98.7% (150/152) preoperatively. Lymph node metastases were found in the 

surgical specimen in 2.4% (16/667) in Group 2 and in 13.6% (27/199) of the patients in 

Group 3. The overall recurrence rate in patients was 3.8% (including local recurrence, 

lymph node metastases, and distant metastases after initial treatment). Recurrence rate 

was significantly higher in Group 1 compared with Group 2 and Group 3 (19.1% vs. 0.4% 

vs. 3.5%, p < 0.001) (Fig. 3; Table 2). Tumor diameter in the potential AS group was 

larger than that in Group 1 and Group 2 (8.0 [IQR: 6.0–9.0] mm vs. 6.0 [IQR: 3.4–8.0] 

mm and 5.0 [IQR: 2.0–7.0] mm, p < 0.001). Table 2 summarizes additional 

characteristics. 

 

Table 2  Differences in clinical and histopathological characteristics between the three groups 

 

Group 1:  

Pre-operative lymph 

node/distant metastases 

Group 2:  

Resection for 

other indication 

Group 3:  

AS candidates 

 

p-value 

Number of patients 152 (14.9%) 667 (65.6%) 199 (19.5%)  

Age 46.0[37.0-56.8] 51.0 [41.0-61.0] 51.0 [41.0-59.0]   0.001 

Sex <0.001 

  Male 78 (51.3%) 117 (17.5%) 51 (25.6%)  

  Female  74 (48.7%) 550 (82.5%) 148 (74.4%)  

Pathology report 

  Diameter (mm) 6.0 [3.4-8.0] 5.0 [2.0-7.0] 8.0 [6.0-9.0] <0.001 

  Diameter ≥ 5.0 mm  94 (64.4%) 342 (52.3%) 180 (90.5%) <0.001 

  Vascular invasion 20 (13.2%) 5 (0.7%) 7 (3.5%) <0.001 

  Bilaterality 49 (34.0%) 54 (8.1%) 28 (14.3%) <0.001 

  Less than complete         

resection (R1 and R2) 
27 (17.8%) 31 (4.7%) 17 (8.6%) <0.001 

  Capsular invasion 14 (9.2%) 10 (1.5%) 6 (3.0%) <0.001 

  Multifocality 90 (59.6%) 134 (20.1%) 51 (25.6%) <0.001 

  Extrathyroidal 

extension 
5 (3.3%) 8 (1.2%) 0 (0.0%) 0.024 

  Encapsulated tumor 2 (1.3%) 18 (2.7%) 9 (4.5%) 0.186 

  Invasion through 

capsule 
1 (0.7%) 5 (0.7%) 5 (2.5%) 0.350 

Metastases 

  Lymph node  150 (98.7%) 16 (2.4%) 27 (13.6%) <0.001 

  Distant 4 (2.6%) 0 (0.0%) 0 (0.0%) <0.001 

Recurrence 

  Overall recurrence 29 (19.1%) 3 (0.4%) 7 (3.5%) <0.001 

  Lymph node 28 (18.4%) 2 (0.3%) 7 (3.5%) <0.001 

  Local 0 (0.0%) 1 (0.1%) 0 (0.0%) 0.768 

  Distant 2 (1.3%) 0 (0.0%) 0 (0.0%) 0.003 

Data are expressed as numbers (percentage) or as median [IQR]. AS, active surveillance 
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Figure 3. RFS in the different groups. AS, active surveillance; RFS, recurrence free 

survival. 

 
 

 

DISCUSSION 

mPTC of the thyroid accounted for 15.7% of the total amount of thyroid cancers 

diagnosed in the Netherlands from 2005 – 2015 26. In this time frame of 11 years, 199 

patients were identified as potentially eligible for AS (± 3.1% of all thyroid cancers). The 

burden of mPTC in the Netherlands is strikingly lower than in other countries. In the USA, 

nearly half of all identified thyroid cancers were <1.0 cm in 2008 13. In France, the 

proportion of mPTC among all operated thyroid cancers was 43.1% (1998 to 2001) 27. 

Another study that included data from eight Chinese cancer registries showed that 32.1% 

of the thyroid cancers between 2000 and 2014 were mPTC 28. The lower incidence of 

mPTC in the Netherlands is a direct result from a decade long, more restrictive diagnostic 

workup strategy aiming to reduce the detection of small, indolent tumors with no need for 

treatment at all 23. As expected more restrictive diagnostic protocol will lead to a 

population with less frequently diagnosed mPTC and less patients who would be eligible 

for AS. Although, the burden of mPTC in the Netherlands is lower than that in other 

countries, the incidence of mPTC after surgery for another indication has increased over 

time, which can be attributed to the improved quality of the postoperative pathological 

examination and reporting 8. Also, an increase in potential candidates for AS can be seen, 
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which could be explained by the increased use of 18FDG-PET(/CT) for the staging and 

diagnosis of malignancies other than thyroid cancer 29, 30. 

Patients that could be eligible for AS (Group 3) in the Netherlands, have a higher 

incidence of lymph node metastases (13.6%) when compared with other AS studies. Ito 

et al. demonstrated that lymph node metastases appeared in only 3.8% of mPTC patients 

at 10-year follow-up when applying an AS strategy 17. These results are supported by a 

study from Tuttle et al 15, in which they closely observed 291 patients with PTC <1.5 cm 

as an alternative to immediate surgery. They observed tumor growth in 3.8% of the 

patients and no regional or distant metastases developed during AS. It needs to be noted 

that median follow-up time was relatively short (25 months, range; 6-166 months) and 

that they included PTC <1.5 cm 15. More importantly, these studies were performed in a 

setting where no restrictive diagnostic protocols were applied. The differences in mPTC 

incidence and the occurrence of lymph node metastases underline the fact that different 

diagnostic protocols will result in different populations by selection and thereby likely 

affect the biological behavior of mPTCs in a population. In other words, if a more 

restrictive diagnostic protocol is being used, less mPTC incidentalomas with indolent 

behavior are found. This will lead to fewer patients eligible for AS, and when eligible, 

they may tend to have relatively more lymph node metastases representing a more 

aggressive selected biological population.  

Despite the higher incidence of lymph node metastases in the Dutch population, the Dutch 

thyroid cancer survival rates were excellent and comparable or even higher than the 

international survival rates regardless of the more restrictive diagnostic workup. The 

Dutch age-standardized death rates for men and women are 0.23 and 0.33 per 100,000, 

respectively. This is lower or comparable to the European and American average death 

rate for men and women 10, 31. The equal survival rates demonstrate that the Dutch workup 

protocol is an excellent treatment strategy to prevent overdiagnosis and overtreatment of 

PTC.  However, because of the limited number of patients who would be eligible for AS 

and a higher incidence of lymph node metastases due to patient selection, we believe that 

a national AS standardized protocol has limited additive value in preventing the 

overtreatment of PTC. Since the 2015 ATA guideline adopted a more restrictive 

diagnostic workup strategy, it is expected that if the guideline is followed, AS will not 

have large additive value in the management of mPTC. However, when a mPTC is 

incidentally found, despite the restrictive protocol (e.g. by 18FDG-PET(/CT) scan), AS 

can be offered on an individual basis after  discussing the risks and benefits of surgery 

versus AS with patients. The ideal candidate for AS would be an older patient (>60 years) 

with a unifocal mPTC without evidence of lymph node metastases, as proposed by the 

Memorial Sloan Kettering Cancer Center 32.It still remains unclear at which frequency 

and for how long patients should be followed in an AS protocol. Additional studies are 

needed to asses these issues, but also the impact on quality of life should be monitored.  

This study has several limitations. First, it is a non-randomized retrospective study. 

Despite the care of data collection and the use of clear inclusion criteria, some degree of 

observation bias cannot be ruled out. Second, it should be noted that this study’s data is 
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based on histopathological reports and patients that actually underwent AS are therefore 

not included in this study. However, according to the Dutch guideline, AS was not a 

treatment option in the study period and we, therefore, assume that there were few to no 

patients undergoing AS in this study period. Third, ultrasound data were not available, 

and therefore, it was not possible to distinguish between Bethesda 5 with or without highly 

suspicious ultrasound. For this reason all Bethesda 5 nodules were included in the AS 

group. Furthermore, the database did not specify the date of RAI treatment. It was 

therefore not possible to determine the exact number of patients who had cancer-specific 

RAI treatment or, for example, RAI for Graves’ disease preoperatively. Finally, 29 

patients with an encapsulated tumor were included. These tumors could potentially be 

noninvasive follicular tumors with papillary features (NIFTP) tumors, which are 

considered benign in the current era. Unfortunately, it was not possible to reclassify the 

pathology reports with the present data. However, the number of encapsulated tumors did 

not differ between the different groups. 

Restrictive diagnostic workup strategies of patients with small thyroid nodules results in 

a low proportion of mPTC and as a consequence a limited number of patients eligible for 

AS. Furthermore, patients that are eligible for AS in the Netherlands have a higher 

incidence of lymph node metastasis than in other populations due to patient selection. 

Based on these data, it can be concluded that in countries with restrictive diagnostic 

guidelines there is a limited additive value of AS in order to prevent overtreatment of 

mPTC. However, if an mPTC is encountered, AS can be offered on an individual basis. 

We would encourage the collection of follow-up data of patients in AS in national 

prospective databases.  
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ABSTRACT 

Importance 

Papillary microcarcinomas of the thyroid (mPTC) account for an increasing proportion of 

thyroid cancers in the world. Recently, the use of Radiofrequency Ablation (RFA) has 

been investigated as an alternative to surgery. 

 

Objective 

The aim of this meta-analysis is to evaluate the efficacy and safety of RFA for low-risk 

mPTC.  

 

Data sources 

 Embase.com, MEDLINE via Ovid, Web of Science Core Collection, Cochrane Central 

Register of Controlled Trials, and the top 100 references of Google Scholar were searched 

from inception to May 28, 2021.  

 

Study selection  

Articles reporting on adult patients with a mPTC treated with RFA were included. Studies 

that involved patients with pre-ablation lymph node/distant metastases, recurrence of 

disease or extrathyroidal extension were excluded. Final article selection was conducted 

by multiple reviewers based on consensus. The proportion of eligible articles was 1%. 

 

Data extraction and Synthesis  

This meta-analysis was conducted in accordance with the MOOSE guidelines. Random 

and fixed effect models were applied to obtain pooled proportions and 95% confidence 

intervals.  

 

Main outcome and Measures  

Primary outcome was the complete disappearance rate of mPTC. Secondary outcomes 

were tumor progression and complications.  

 

Results  

Fifteen studies were included in this meta-analysis. A total of 1770 patients with 1822 

tumors were treated with RFA, of which 49 tumors received one additional RFA session 

and one tumor received two additional RFA sessions. The mean follow-up time was 

33.0±11.4 months and 78% was female. The pooled complete disappearance rate was 

79% (95% CI: 65% to 94%). Overall tumor progression rate was 1.5% (n=26); local 

residual mPTC in the ablation area was found in seven tumors (0.4%), new mPTC in the 

thyroid was found in 15 patients (0.9%) and four patients (0.2%) developed lymph node 

metastases during follow-up. No distant metastases were detected. Three major 

complications occurred (two permanent voice changes, one cardiac arrhythmia). Minor 

complications were described in 45 patients. 
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Conclusions and relevance  

RFA is shown to be a safe and efficient method to treat selected low-risk mPTC. One 

could envision RFA as step-up treatment after local tumor growth under active 

surveillance for a mPTC or initial treatment in patients with mPTC anxious about active 

surveillance.  
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INTRODUCTION 

Papillary thyroid carcinoma (PTC) is the most common subtype of thyroid malignancy, 

accounting for roughly 85% of thyroid cancers 1. PTCs measuring 10mm or less were first 

defined by the World Health Organization as a papillary thyroid microcarcinoma (mPTC) 
2. These mPTCs account for an increasing proportion of thyroid cancers in the world; in 

some countries almost half of all PTCs are classified as a mPTC 3-5. Patients diagnosed 

with mPTC have an excellent prognosis with a disease-specific survival of > 99%  after 

10 years of follow-up 6, 7.  

Most guidelines concerning thyroid cancer care recommend a lobectomy as the first-line 

treatment strategy for low-risk unifocal mPTC 8, 9. However, thyroid surgery comes with 

significant costs and morbidity rates caused by iatrogenic hypothyroidism and recurrent 

laryngeal nerve damage, resulting in a poor quality of life 10-15. In order to de-escalate the 

treatment of mPTC and reduce surgery related morbidity, less aggressive treatment 

strategies such as active surveillance 16 and thermal ablation for patients with low-risk 

mPTC have been proposed 17.  

Thermal ablation primarily includes three techniques: microwave ablation (MWA), laser 

ablation (LA) and radiofrequency ablation (RFA). RFA is a non-surgical, minimally-

invasive technique, which relies on alternating electromagnetic current to cause molecular 

frictional heating to control tissue mass 18. Although RFA is currently mostly used in 

patients with benign nodules, recurrent PTC and inoperable patients 19-22, recent evidence 

suggests that RFA could be an efficient treatment for patients with low-risk mPTC and 

has been shown to be more effective than MWA or LA 17. In this systematic review and 

meta-analysis of current literature, the primary goal is to analyze the efficacy and safety 

of RFA for low-risk mPTC in a large number of patients.  

 

METHODS 

Literature search and patient selection 

A systematic literature search was performed using the databases Embase.com, 

MEDLINE via Ovid, Web of Science Core Collection, Cochrane Central Register of 

Controlled Trials, and the top 100 references of Google Scholar. The search strategy is 

illustrated in Supplementary File 1. The search strategy was created by a qualified 

librarian of the University Medical Center Rotterdam (S.G.). Two reviewers (S.D. & 

H.C.) independently screened titles and ABSTRACTs of articles published until the 

28th of May 2021. In cases of disagreement in the selection of articles, a third reviewer 

was consulted (T.G.) to make the final decision. Studies were included if they: (a) 

involved patients that had a primary mPTC and (b) were treated with RFA for the first 

time. Exclusion criteria were: (a) case-reports, case series of less than 5 patients, letters, 

conference ABSTRACTs, (systematic) reviews, meta-analyses, guidelines, study 

protocols, statements or non-English articles; (b) patients with pre-ablation lymph 

node/distant metastases, recurrence or extrathyroidal extension; (c) patients treated with 

other thermal ablation techniques such as: laser/ethanol/microwave ablation. This meta-
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analysis of scientific literature was conducted in accordance with the MOOSE (Meta-

analysis Of Observational Studies in Epidemiology) guidelines 23. 

  

Data extraction and outcomes 

The following data was extracted: author names, year of publication, type of study, study 

period, total number of patients, total number of tumors, patient age, sex, total and mean 

RF ablation sessions, largest tumor diameter, volume of tumor, volume reduction rate 

(VRR), complications, tumor progression. The primary outcome of this meta-analysis 

was the complete disappearance rate of mPTC. Secondary outcomes were tumor 

progression and complications. Complete disappearance rate was defined by the 

percentage of patients with a completely absorbed tumor volume on post-RFA ultrasound. 

Incomplete ablation was defined as incompletely absorbed tumor volume on post-RFA 

ultrasound with benign FNA. Tumor progression was defined as (a) cytologically or 

histologically confirmed residual mPTC in the ablation area; (b) newly found mPTC 

elsewhere in the thyroid; (c) lymph node or distant metastases.  

Complications were assessed using the reporting standards of the Society of 

Interventional Radiology 24. Cardiac events and/ or arrhythmias, surgical intervention due 

to bleeding post-RFA and voice changes (>1 month) were defined as major 

complications. Pain, hematoma, skin burn, temporary (≤1 month) voice changes and 

hypoparathyroidism, fever and neck swelling were defined as minor complications. 

Volume reduction rate was calculated and defined in the included studies as following: 

VRR(%) = (initial volume - final volume)/initial volume * 100%. 

 

Statistics 

Descriptive statistics were presented as counts (n, %) and means with standard deviation. 

Medians were used as approximation of the mean in case of skewed variables. Meta-

analysis of proportions and means was performed with 95% confidence intervals. 

Between-study heterogeneity was calculated by the Higgins inconsistency index I². If 

there was no statistical proof for heterogeneity (P ≥ 0.05), the assumption of homogeneity 

was deemed valid and a fixed-effect model was applied. Otherwise, a random-effect 

model was used. The risk of publication bias of the included studies was analyzed by 

using visual checking of symmetry in funnel plots and the Egger’s regression test. Meta-

analysis was performed using Metafor for R (Version 4.0.3; 2020) and Comprehensive 

Meta-Analysis (Version 3.3.070; Biostat Inc., 2014). 

 

RESULTS 

Systematic literature search 

The literature search was performed on May 28, 2021. A total of 1045 articles were found 

in the updated search until May 28. After removal of duplicates, 667 articles were 

screened and 63 full-text articles were assessed for eligibility. After careful selection of 

the articles, 15 studies were eligible for the final synthesis and were included in this 
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review (Supplementary File 2). Eleven articles potentially used overlapping patient 

cohorts based on author names, time period of patient inclusion and affiliations 25-35.  

 

Study characteristics and quality assessment 

Twelve out of fifteen studies were retrospective (n=11) or prospective (n=1) case series 
25-33, 36-38, which are generally considered to have a high risk of bias and low certainty 39, 

40. Three included studies were retrospective cohort studies 34, 35, 41. All included studies 

originated from China (n=11) or Korea (n=4) and were published after 2016. 

 

Clinical characteristics  

A total of 1770 patients with 1822 tumors were treated with 1872 RFA sessions, of which 

1379 were females (77.9%) and 391 were males (22.1%). The reported mean age was 

45.4 ± 11.4 years and ranged between 42.5 and 66.0 years. All patients had mPTC 

confirmed by ultrasound and FNA or core needle biopsy without signs of lymph node 

metastases or extrathyroidal extension on ultrasound pre-RFA. Seven articles including 

1069 patients reported on the exclusion of aggressive histological variants of mPTC. In 

total, 49 tumors received one additional RFA session and one tumor received two 

additional RFA sessions. The mean time of follow up (reported in all fifteen studies) was 

33.0 ± 11.4 months, ranging from 6 to 131 months. Further baseline characteristics of the 

included studies can be seen in Table 1 and 2. 
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Table 1 Characteristics of included studies (n=15) 

Study Country Affiliation 
Study 

period 
Study design 

Number 

of 

patients 

Number 

of 

tumors 

Number 

of RFA 

sessions 

Mean 

age 

(SD) 

Zhang 26  

2016 
China PLA Bejing 

09/2013– 

10/2014 
Prospectiveᵃ 92 98 98 45±11 

Jeong 36 

2018 
Korea 

University 

of Ulsan 

College of 

Medicine 

03/2011– 

04/2016 
Retrospectiveᵃ 6 7 7 64±17 

Lim 30 

2019 
Korea 

Haeundae 

Hospital 

05/2008– 

01/2017 
Retrospectiveᵃ 133 152 167  46±12 

Ding 37 

2019 
China 

Renji 

Hospital, 

Shanghai 

09/2014– 

12/2017 
Retrospectiveᵃ 37 38 38 45±13 

Zhang 33 

2019 
China PLA Bejing 

02/2013– 

03/2017 
NSᵃ 60 60 60 43±9 

Zhang 35 

2020 
China PLA Bejing 

01/2013– 

11/2013 
Retrospectiveᵇ 94 94 94 45±11 

Cho 32 

2020 
Korea 

Haeundae 

Hospital 

09/2008– 

01/2017 
Retrospectiveᵃ 74 84 98 46±12 

Wu 28 

2020 
China PLA Bejing 

02/2014– 

08/2016 
Retrospectiveᵃ 198 204 205  43±10 

Yan 25 

2020-07 
China PLA Bejing 

06/2016– 

11/2018 
Retrospectiveᵃ 202 211 214  43±10 

Yan 27 

2020-08 
China PLA Bejing 

06/2014– 

12/2017 
Retrospectiveᵃ 414 414 428 44±10 

Kyeong 

Seo 38 

2020 

Korea 

Kangwon 

National 

University 

11/2006– 

12/2009 
Retrospectiveᵃ 5 5 7 NS 

Qing 

Song 29 

2021-02 

China PLA Bejing 
05/2014– 

04/2018 
Retrospective 112 112 112 45±11 

Qing 

Song 34 

2021-04 

China PLA Bejing 
05/2014– 

05/2018 
Retrospectiveᵇ 115 NS 115 45±10 

Hongying 

He 31 

2021 

China PLA Bejing 
06/2014– 

01/2019 
Retrospectiveᵃ 95 95 96 66±4 

Zhang 

Chao 41 

2021 

China 

Zhejiang 

University 

Hangzhou 

11/2017– 

03/2020 
Retrospectiveᵇ 133 133 133 46±10 

Data are expressed as numbers or as mean with standard deviation (SD) ± or range () 

ᵃ Case series 

ᵇ Cohort studies 

NS= not specified 
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Table 1 Characteristics of included studies (n=15)  "(continued)." 

Sex 

(female: 

male) 

Follow-up in months 

(SD or range) 

Initial tumor 

diameter in mm (SD) 

Initial tumor 

volume in 

mm³ (SD) 

Presence of other 

treatment group 

69:23 8±3 6±2 119±107 No 

3:3 19±4 7±1 160±80 No 

114:19 39±25  4±1 300±400 No 

29:8 6  7±4 120±100 No 

48:12 NS NS 110±170 No 

70:24 64±3 6±3 176±228 Surgery (n=80) 

66:8 72±18 4±2 20 No 

141:57 26±5 6±2 99±84 No 

152:50 24±9 5±2 102±94 No 

323:91 42±12 5±2 93±83 No 

5:0 131 (121-159) 5 NS No 

94:18 30±14 7±2 182 No 

97:18 26 (11-60) 7±2 182±157 Surgery (n=103) 

71:24 37±17 6±2 107±99 No 

97:36 6±5 5±2 58±53 Surgery (n=133) 

Data are expressed as numbers or as mean with standard deviation (SD) ± or range () 

ᵃ Case series 

ᵇ Cohort studies 

NS= not specified 
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Table 2 Efficacy and safety of RFA in mPTC patients 

Study 

Complete 

disappearance 

rate 12 months 

(%) 

Complete 

disappearance 

rate at end of 

follow-up (%) 

VRR 

after 12 

months 

in % 

VRR at end 

of follow-up 

in % 

Mean tumor 

volume 

reduction in 

mm³ (SD) 

Zhang 26  

2016 
NS NS 96 100  110 ± 70 

Jeong 36 

2018 
NS 3/6 (50) NS 48 90 ± 40 

Lim 30 

2019 
108/152 (71) 139/152 (91) -16 100 109 ± 87 

Ding 37 

2019 
NS 37/38 (97) 99 99 NS 

Zhang 33 

2019 
49/60 (82) 60/60 (100) NS 100 104 ± 170 

Zhang 35 

2020 
NS NS NS NS NS 

Cho 32 

2020 
62/84 (74) 84/84 (100) 54 100 NS 

Wu 28 

2020 
NS NS 99 99 86 ± 24 

Yan 25 

2020-07 
110/211 (52) 139/211 (66) 84 99 101 

Yan 27 

2020-08 
NS 366/414 (88) 87 99 82 ± 57 

Kyeong Seo 38 

2020 
3/5 (60) 3/5 (60) NS NS NS 

Qing Song 29 

2021-02 
102/112 (91) 112/112 (100) NS NS NS 

Qing Song 34 

2021-04 
104/112 (90) 115/115 (100) 99 100 NS 

Hongying He 31 

2021 
44/95 (46) 44/95 (46) 78 99 107 

Zhang Chao 41 

2021 
37/133 (28) 39/133 (29) 99 99 58 

Data are expressed as numbers with percentage () as mean with standard deviation (SD) ± 

NS= not specified 

RFA= radiofrequency ablation 

VRR= volume reduction rate 

ᵃ found in other place than ablated area 
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Efficiency 

Complete disappearance  

Twelve studies reported on complete disappearance rates of tumor tissue on post-RFA 

ultrasound with a mean follow-up of 34.0 ± 20.8 months. The frequency of complete 

disappearance after 12 months ranged between 27.8% and 91.0%, whereas the complete 

disappearance rate at the end of follow-up ranged between 29.3% and 100%. The pooled 

proportion of the complete disappearance at 12 months was 66% (95% CI: 52% to 81%) 

and 79% (95% CI: 65% to 94%) at the end of follow-up (Table 3, Figure 1a). There was 

high heterogeneity between the studies (I2 = 96,8% and 99,7%, both p<0.01 respectively). 

In three studies 30, 32, 38 a small number of incompletely ablated patients without 

pathological confirmed mPTC after initial ablation received a second ablation instead of 

follow-up (n=24).  

 

 

 

 

 

 

 

Table 2 Efficacy and safety of RFA in mPTC patients  "(continued)." 

Overall 

tumor 

progression 

(%) 

mPTC 

residue in 

ablation 

area (%) 

Newly 

discovered 

mPTCᵃ (%) 

Lymph node 

metastases 

(%) 

Major 

complications 

(%) 

Minor 

complications (%) 

0 0  0 0 0  4 (4) 

0 0  0 0 0  0  

0 0  0 0 1 (1) 3 (2) 

0 0  0 0 0  0  

0 0  0 0 0  4 (7) 

1 (1) 0 1 (1) 0 0 0 

3 (4) 0 3 (4) 0 1 (1) 3 (4) 

1 (1) 1 (1)  0 0 0  9 (5) 

3 (2) 3 (2) 0 0 0 0 

15 (4) 1 (0) 10 (2) 4 (1) 0  16 (4) 

0 0 0 0 0 0 

1 (1) 1 (1) 0 0 0 0 

1 (1) 0 1 (1) 0 0 2 (2) 

1 (1) 1 (1) 0 0 1 (1) 1 (1) 

0 0 0 0 0 3 (3) 
Data are expressed as numbers with percentage () as mean with standard deviation (SD) ± 

NS= not specified 

RFA= radiofrequency ablation 

VRR= volume reduction rate 

ᵃ found in other place than ablated area 
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Tumor progression 

All fifteen studies reported on the possible occurrence of tumor progression. The overall 

tumor progression rate was 1.5% (n=26); residual mPTC in the ablation area was found 

in seven patients (0.4%), new mPTC in the thyroid was found in 15 patients (0.9%) and 

four patients (0.2%) developed lymph node metastases during follow-up. No distant 

metastases were detected. Yan et al 27 reported the highest rate of tumor progression 

(3.6%, n=15/414), whereas seven studies reported no tumor progression in mPTC patients 

treated with RFA 26, 30, 33, 36-38, 41. The pooled proportion of tumor progression was 1% 

(95% CI: 0% to 1%), which can be seen in Figure 1b. There was no evidence of between-

study heterogeneity (I2 = 4.9%, p = 0.38). Patients with tumor progression were treated 

with additional RFA sessions (n=25), or active surveillance was initiated (n=1). 

 

Safety 

Complications 
Complications were evaluated in all fifteen studies and nine studies reported 

complications. Three major complications occurred; two patients experienced voice 

changes, which spontaneously resolved after 2 months. One patient experienced 

temporary cardiac arrhythmias during the RFA procedure. In addition, 45 minor 

complications occurred (2.5%), which included 20 patients with post-operative pain, 14 

transient voice changes which resolved within one month, five skin burns, four 

hematomas, one transient hypoparathyroidism and one fever. The pooled proportion of 

total complication rate was 2% (95% CI: 1% to 3%), with evidence of moderate 

heterogeneity between studies (I2 = 60.9%, p < 0.01). The pooled proportion of major 

complication rate was 0% (95% CI: 0% to 1%), without evidence of heterogeneity 

between studies (I2 = 0.00%, p = 0.99). Forest Plots can be seen in Supplementary File 3.  
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Figure 1 Forest plots of Complete Disappearance and Overall Tumor Progression. 
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Other effect measures 

Volume reduction ratio 

The volume reduction rate after twelve months was reported by ten studies. The pooled 

proportion of the mean tumor volume reduction ratio after twelve months was 92.1%  

(95% CI: 85.0 to 99.2). There was high heterogeneity between the studies (I2 = 99.8%, p 

= 0.00). Twelve studies reported on the volume reduction rate at the end of follow-up. In 

eleven of those twelve studies the VRR was higher than 98.0%.  

 

Mean volume tumor reduction 

Nine studies reported on the absolute volume reduction of the mPTC after RFA. In most 

studies, tumor volume increased immediately post-ablation and decreased gradually 

between one and six months of follow-up. Tumor volume reduction over time can be seen 

in Supplementary File 4. The weighted pooled proportion of the mean tumor volume 

reduction was 95.0 mm³ (95% CI: 83.2 to 106.8 mm³), with evidence of high 

heterogeneity between the studies (I2 = 87.7%, p < 0.01). The mean follow up was 29.8 ± 

17.7 months. 

Table 3 Meta-analysis of RFA in patients with mPTC 

 Studies  Patients 
Follow-up 

(months) 

Pooled proportion 

(95% CI) 

Heterogeneit

y test 
Egger’s test 

     I² (%)  
p-

value 

z-

score 

p-

value 

Complete 

disappearance 

after 12 months  

9 929 12 0.66 (0.52-0.81) 96.8 < .001 -0.39 0.69 

Complete 

disappearance at 

end of follow-up 

12 1386 34 ± 21 0.79 (0.65-0.94) 99.7 < .001 -1.87 0.06 

Volume 

reduction rate 

after 12 months 

7 1025 12 0.92 (0.85-0.99) 99.8 < .001 -5.17 < .001 

Mean volume 

reduction in 

mm³ 

6 937 30 ± 18 95 (83-107) 87.7 < .001 0.26 0.79 

Tumor 

progression rate 
15 1770 33 ± 11 0.01 (0.00-0.01) 4.9 0.38 2.22 0.03 

Total 

complications 
15 1770 33 ± 11 0.02 (0.01-0.03) 60.9 < .001 4.21 < .001 

Major 

complications 
15 1770 33 ± 11 0.00 (0.00-0.01) 0.00 0.99 4.21 < .001 

RFA= radiofrequency ablation 

Data are expressed as numbers or as mean with standard deviation ± 
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Publication bias 

Asymmetrical distribution in the funnel plots, suggestive of publication bias, was found 

for overall tumor progression, major complications and total complications. Evidence of 

publication bias was found by the Egger’s test (Table 3) for volume reduction ratio, 

overall tumor progression, total complications and major complications (p < 0.05). Funnel 

plots can be found in Supplementary File 5. 

 

DISCUSSION 

In this study, the efficacy and safety of RFA as a treatment for mPTC in 1770 patients 

was analyzed. This study demonstrates that 80% of all patients with mPTC who 

underwent RFA had complete disappearance of tumor tissue on post-RFA ultrasound. 

Although complete disappearance of the tumor was not achieved in 20% of the patients 

undergoing RFA, only seven patients (0.4%) were diagnosed with FNA-confirmed 

residual mPTC cells. This emphasizes that the assessment of tumor response in patients 

with mPTC post-RFA is complicated. Most studies applied ultrasound and FNA of the 

residual tumor volume and if no cancer cells were seen on cytological examination, 

patients generally received follow-up. The diagnostic accuracy of post-RFA FNA has 

shown to be reduced because of insufficient cellularity in the ablation area 42, 43. Core 

needle biopsy is thought to have a higher diagnostic accuracy for detecting residual cancer 

cells and could be valuable in increasing the certainty of ‘complete mPTC disappearance’ 

in case of residual tumor volume on post-RFA ultrasound 25. In order to determine 

oncologic acceptability of RFA as a treatment option, complete tumor response after RFA 

has to be clearly defined as no golden standard exists yet.   

The overall complication rate due to RFA was low (n=48, 2.7%) and three (0.2%) major 

complications occurred. All complications, minor and major, resolved spontaneously 

within three months. Twenty-two patients experienced FNA-confirmed residual mPTC or 

new mPTC (~1%), which all were permanently removed by additional ablations. Surgical 

complications such as permanent hypothyroidism and recurrent laryngeal nerve damage 

occur in 30% and 1-2% respectively after unilateral thyroid lobectomy 12, 44, 45. In the 

current study, less severe complications in patients treated with RFA such as pain, 

hematoma, skin burn and temporary voice hoarseness occurred in 2%. 

All included studies were conducted in China and Korea, where thyroid cancer guidelines 

differ significantly from guidelines in Europe. While North American and European 

guidelines mainly focus on reducing overdiagnosis of mPTC by applying restrictive 

diagnostic work-up strategies 8, 46, 47, Asian guidelines often aim to reduce overtreatment 

using active surveillance and thermal ablation techniques 48-50. Active surveillance instead 

of immediate surgery has proven to be a safe and viable treatment option for patient with 

low-risk mPTC 51-53. However, this treatment strategy has also shown to have low 

potential in countries where restrictive diagnostic work-up strategies are applied 54. In 

these countries, the number of patients with mPTC are limited and when encountered, the 

mPTC is often further progressed (i.e. lymph node metastases or extrathyroidal 
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extension), resulting in a high level of reluctance among thyroid specialists to use active 

surveillance 54. The efficacy and safety of RFA in a population with a restrictive 

diagnostic work-up strategy is unknown. With an 80% complete disappearance rate of 

tumor tissue, RFA could potentially also be a valuable treatment option for patients with 

low-risk mPTC in these countries. The question whether RFA can aid in preventing lymph 

node metastases remains to be investigated.  

Although RFA shows to be a safe and efficient method to treat low-risk mPTCs, there is 

no evidence that treatment of low-risk mPTC provides any clinical benefit. Especially in 

populations with less restrictive diagnostic work-up protocols, patients with low-risk 

mPTC should generally receive active surveillance. However, in case of local tumor 

growth under active surveillance or in case of anxiety about active surveillance, RFA 

could be a valuable minimal invasive strategy in the management of low-risk mPTC. 

Different studied treatment options for mPTC and its (dis)advantages are described in 

Table 4.  

The most important limitation of the current study is the inclusion of mostly small sample-

sized, retrospective case series which use a variety of RFA techniques (e.g. ablation 

energy, time of ablation, electrode tip diameter) and follow-up schedules. These studies 

have a higher risk of bias and low certainty 39, 40. In addition, the likelihood of patient 

selection bias is increased in the included studies (e.g. smaller tumors, healthier patients). 

There were eleven studies with potential overlapping patient cohorts based on author 

names, inclusion periods and affiliations. Finally, due to the only recent developments in 

the field of thermal ablation techniques for patients with mPTC, follow-up periods of the 

patients included in the analyzed studies were relatively short (mean 33 months). Despite 

these limitations, this review managed to illustrate the available evidence on the efficacy 

and safety of RFA in patients with mPTC. 

The results in the current study suggest that RFA could function as a useful alternative 

treatment strategy where patients are treated minimal invasively with curative intentions. 

Future studies should focus on improving complete disappearance rates of the tumor 

volume, possibly with more advanced/longer RFA procedures. In order to properly assess 

and compare oncological outcomes with surgery and/or active surveillance in populations 

with restrictive diagnostic work-up strategies, prospective trials or registration studies 

with long-term follow-up should be conducted. Although three Chinese studies showed 

that RFA was less expensive than surgery in patients with a mPTC 34, 35, 41, future research 

should also focus on evaluating the long-term cost-effectiveness of RFA in other national 

health care environments.  
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CONSLUSION 

RFA is shown to be a safe and efficient method to treat low-risk mPTC with 80% 

complete disappearance rates of tumor tissue. Future research should focus on 

determining which role RFA could play in the treatment of mPTC, especially in countries 

with restrictive diagnostic work-up protocols. One could envision RFA as step-up 

treatment after local tumor growth under active surveillance or initial treatment in patients 

anxious for active surveillance and avoiding surgery. 
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Table 4 Most commonly studied mPTC treatment options 

 Surgery ᵃ RFA Active surveillance 

Complete 

disappearance of 

mPTC 
100% 80% 0% 

Progression of 

disease ᵇ   
3% 55 Unknown 7% 56 

Overall 

complications  

(e.g. infection, 

bleeding, 

(transient) voice 

problems or 

hypoparathyroid

ism) 

3-8% 57, 58 2% 0% 

Advantages 

 Complete 

removal of 

mPTC 

 Relative short 

follow-up 

time after 

surgery 

 No cancer in 

situ 

 Minimal invasive 

procedure 

 80% complete 

disappearance 

after ablation 

 No thyroid 

hormone 

replacement 

therapy needed 

 In most cases no 

surgery needed 

 No thyroid 

hormone 

replacement 

therapy needed 

Disadvantages 

 Risk of 

complications; 

(permanent) 

voice change 

1-3% 

 Potential need 

for thyroid 

hormone 

replacement 

therapy after 

surgery (20-

30% for 

lobectomy 59) 

 Long-term 

oncologic results 

are vastly 

unknown, 

especially in 

populations with 

restrictive 

diagnostic 

protocols 

 Long-term results 

are vastly 

unknown, 

especially in 

populations with 

restrictive 

diagnostic 

protocols 

 Lifelong (?) 

follow-up  

 Anxiety due to 

cancer in situ 

ᵃ Lobectomy 

ᵇ Surgery: Recurrence of disease > 5 years after initial treatment (in other thyroid lobe or nodal metastasis).  

   RFA: Recurrence of disease > 5 years after initial treatment (in ablation area, other thyroid lobe or nodal 

metastasis). 

   Active surveillance: Progression of disease > 5 years after start AS (tumor growth, new mPTC in other lobe or 

nodal metastasis). RFA = radiofrequency ablation; mPTC = papillary thyroid microcarcinoma  
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Supplementary File 1: Terms Used to Search the Databases Until May 28, 2021 

 

Embase ('radiofrequency ablation'/de OR 'radiofrequency ablation device'/de OR 

'microwave thermotherapy'/de OR 'microwave ablation device'/de OR 

(RFA OR (((radiofrequency OR radio-frequen*) NEAR/3 ablation)) OR 

((microwave) NEAR/3 (thermotherap* OR ablation*))):ab,ti) AND 

('thyroid cancer'/de OR 'thyroid carcinoma'/exp OR 'thyroid tumor'/de OR 

('primary tumor'/de AND 'thyroid gland'/exp) OR (thyroidcarcinoma* OR 

((thyroid*) NEAR/3 (cancer* OR carcinoma* OR microcarcinoma* OR 

neoplas* OR tumor* OR tumour*))):ab,ti) 

MEDLINE (Radiofrequency Ablation/ OR (RFA OR (((radiofrequency OR radio-

frequen*) ADJ3 ablation)) OR ((microwave) ADJ3 (thermotherap* OR 

ablation*))).ab,ti.) AND (Thyroid Neoplasms/ OR Thyroid Cancer, 

Papillary/ OR (thyroidcarcinoma* OR ((thyroid*) ADJ3 (cancer* OR 

carcinoma* OR microcarcinoma* OR neoplas* OR tumor* OR 

tumour*))).ab,ti.) 

Web of 

Science 

TS=(((RFA OR (((radiofrequency OR radio-frequen*) NEAR/2 

ablation)) OR ((microwave) NEAR/2 (thermotherap* OR ablation*)))) 

AND ((thyroidcarcinoma* OR ((thyroid*) NEAR/2 (cancer* OR 

carcinoma* OR microcarcinoma* OR neoplas* OR tumor* OR 

tumour*))))) 

Cochrane 

Central 

((RFA OR (((radiofrequency OR frequen*) NEAR/3 ablation)) OR 

((microwave) NEAR/3 (thermotherap* OR ablation*))):ab,ti) AND 

((thyroidcarcinoma* OR ((thyroid*) NEAR/3 (cancer* OR carcinoma* 

OR microcarcinoma* OR neoplas* OR tumor* OR tumour*))):ab,ti) 

Google 

Scholar 

RFA|"radiofrequency|radio-frequency ablation"|"microwave ablation" 

thyroidcarcinoma|"thyroid 

cancer|carcinoma|microcarcinoma|neoplasm|neoplasia|tumor|tumour" 
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Supplementary File 2: PRISMA Flowchart of the Inclusion Process 
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Records marked as ineligible by 
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Records removed for other 
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(n = 60) 

Reports excluded: 
Reviews (n = 9) 
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Supplementary File 3: Forest Plots of the Efficacy and Safety of RFA in Patients With 

mPTC 
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Supplementary File 4: Change in Mean mPTC Volume Postablation 
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Supplementary File 5: Funnel Plots of the Included Studies 
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We read the recent article by van Dijk et al1 with great interest. The authors did a meta-

analysis to evaluate the effectiveness and safety of radiofrequency ablation (RFA) in a 

large number of patients with low-risk papillary microcarcinoma of the thyroid (mPTC). 

However, we have some concerns regarding the literature selection and data extraction. 

 

Three small-sample retrospective studies with patient counts of 6, 37, and 5 were included 

in this meta-analysis, even though conclusions drawn from this sort of evidence are not 

enough to guide clinical treatment 2. Similarly, according to a large-sample cohort study 

with 5-year results 3, the incidence of relapse and retreatment after RFA increases 

progressively over time, whereas 3 of the included studies had a follow-up of less than 1 

year. The safety evaluation of RFA is questionable owing to the small sample size and 

short length of follow-up of the studies, which should be excluded from screening. 

In addition, the Newcastle-Ottawa Scale (NOS) 4, which was not applied by the present 

article, is widely recommended in meta-analysis to assess the quality of retrospective 

studies and exclude those with a high risk of bias. Considering the high heterogeneity 

among the included studies and the fact that the authors did not perform a sensitivity 

analysis to identify articles that influenced the robustness of the conclusion, we believe 

that the authors need to consider evaluating the risk of bias and the quality of the included 

studies. 

 

As mentioned in the Limitations section, the study included several RFA techniques, but 

the authors did not list the delivered energy and ablation time of each study in Table 1, 

which are critical to efficiency and therefore affect the reliability of the conclusion 3. 

 

The authors concluded that radiofrequency ablation was safe based on the information 

that 7 studies reported no tumor progression. However, these 7 studies included 2 studies 

with fewer than 10 patients, 3 studies with less than 1 year of follow-up, 1 study with no 

specified follow-up time, and 1 study with a negative value of volume reduction rate. For 

these issues, we suggest that the authors elaborate in more detail to avoid misleading 

findings. 
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We thank Drs Yang and Xu at Peking Union Medical Hospital for their interest in our 

article 1, and for taking the time to express their concerns. We have provided our response 

herein and are willing to discuss further questions. 

 

We agree that studies with a small sample size often contribute little information and 

could be left out if rapid review of the evidence is required. However, many meta-analyses 

are carried out in areas of scientific uncertainty where discrepancies exist between 

findings from previous, mainly small studies 2. Especially for this relatively new 

treatment, the objective of this meta-analysis was to resolve this uncertainty by combining 

all available evidence and investigating reasons for between-study heterogeneity. 

Therefore, we decided to include all eligible studies, also those with smaller sample sizes. 

We performed additional sensitivity analyses, in which the 3 studies with fewer than 50 

patients were left out. This did not notably change any of the results. 

 

Dr Yang also referred to an article about the increased incidence of relapse and 

retreatment after radiofrequency ablation (RFA) over time. This was studied in patients 

with larger, benign thyroid nodules, which cannot be generalized and compared with 

patients with papillary thyroid microcarcinomas (mPTC). We performed a subgroup 

analysis of studies with longer follow-up than 1 year. This did not notably change any of 

the results shown in the study. 

 

Twelve of 15 studies in the meta-analysis were case series, which are known to have a 

high risk of bias and low certainty 3. Therefore, we decided not to perform additional 

quality analyses. The suggested Newcastle-Ottawa Scale is used for case-control and 

cohort studies wherein a comparison group is investigated because this checklist mainly 

examines the selection and comparability of the cases/controls or exposed/unexposed 4. 

 

We agree that the delivered ablation energy and ablation time would have been useful to 

describe in the original article. These data could help to seek the optimal RFA protocol 

and provide a framework in which these patients were treated. Therefore, we have 

collected these data and would be glad to share this information on request. 

 

Our conclusion that RFA is safe is based on weighted, pooled analyses of all 15 eligible 

studies in the meta-analysis. Outcome factors assessed included both tumor progression 

and complications. Small sample sizes and shorter follow-up of some studies did not 

affect the pooled analysis. Therefore, we do not think that the results are misleading. 

 

We believe that our results support the hypothesis that RFA is a safe and efficient method 

to treat low-risk mPTC. However, large prospective randomized trials with long-term 

follow-up on RFA for patients with mPTC are needed. International collaboration might 

be the key factor for success. 
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ABSTRACT 

Importance 

Structural recurrent disease (RD) after surgical treatment of papillary thyroid 

microcarcinoma (mPTC) is rare. We hypothesize that the RD rate after 

hemithyroidectomy in low-risk mPTC patients is low. 

 

Objective 
To assess the occurrence of RD in Dutch mPTC patients who received surgical treatment 

according to the Dutch guideline.  
 

Design  
Nationwide retrospective cohort study.  
 

Setting 
All operated patients with a cN0/cNx mPTC in the Netherlands between January 2000 

and December 2020 were identified from the Netherlands Cancer Registry database. 

 

Participants 
Patients with preoperative lymph node metastases were excluded. Two groups were 

defined: (Group 1; incidental) mPTC in pathology report after thyroid surgery for another 

indication and (Group 2; non-incidental) patients with a preoperative high suspicious 

thyroid nodule (Bethesda 5) or proven mPTC (Bethesda 6). Dutch guidelines state that a 

hemithyroidectomy is sufficient in patients with unifocal, intrathyroidal mPTC.  
 

Main Outcome(s) and Measure(s)  
The occurrence of RD in low-risk mPTC patients after hemithyroidectomy. 
 

Results  
In total 1636 mPTC patients were included. Patients had a median follow-up time of 71 

[IQR: 32-118] months. Median age at time of diagnosis was 51 [IQR: 41-61] years and 

79.0% was female. RD after initial treatment was seen in 25 patients (1.5%). Median time 

to RD was 8.2 [IQR: 3.6-16.5] months and 22 of the 25 (88%) patients developed RD 

within two years. RD was not significantly different between both groups (Group 1 n=15; 

1.3%, Group 2 n=10; 2.1%; difference 0.8, 95% CI -0.5% to 2.5%). Of the 484 patients 

with non-incidental mPTC (Group 2), 246 (50.8%) patients were treated with a 

hemithyroidectomy and follow-up in accordance with Dutch guidelines. Lymph node 

metastases were found in 1/246 (0.4%) patient after hemithyreoidectomy and new mPTC 

in the contralateral thyroid was detected in 3/246 (1.2%) patients. Median follow-up of 

this patient group was 37 [IQR: 18-71] months. 10-year probability of RD was 1.3% for 

patients without vascular invasion and 24.4% for patients with vascular invasion. 
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Conclusion and Relevance 
RD after hemithyroidectomy for low-risk mPTC patients is rare (<2%). Based on these 

results, it seems reasonable to de-escalate follow-up of low-risk mPTC patients without 

vascular invasion after hemithyroidectomy. From a healthcare perspective, de-escalation 

of follow-up contributes to increased sustainability and accessibility to healthcare, both 

large challenges for the future. 
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INTRODUCTION 

The worldwide incidence of small papillary thyroid carcinomas (≤10mm), also known as 

papillary microcarcinomas (mPTC), has increased over the past decades 1-3. The rising 

incidence of mPTC alongside a stable mortality rate 1, 4, 5 is highly suggestive for 

overtreatment of mPTC 6-8. Currently, restrictive diagnostic work-up strategies for thyroid 

nodules <1 cm are advocated 9-11, which resulted in a decrease in mPTC diagnosis since 

2014 12. In addition, several international guidelines shifted from immediate surgery to a 

less aggressive treatment approach by advocating the use of active surveillance with serial 

ultrasounds of the neck 10. However, surgery will likely remain important in countries 

with restrictive diagnostic work-up strategies due to selection of patients with biologically 

more aggressive disease or for patients anxious to undergo active surveillance 13.  

Dutch guidelines state that a hemithyroidectomy is sufficient in patients with unifocal, 

intrathyroidal mPTC without lymph node metastases and a total thyroidectomy is 

indicated in cases of multifocal disease, extrathyroidal extension or pathology in the 

contralateral lobe 14. The 2015 ATA guideline suggests that patients with low-risk mPTC 

should receive follow-up after hemithyroidectomy including clinical exams, Tg 

measurements and periodic neck ultrasounds 10. However, structural recurrent disease 

(RD) rates after surgical treatment of N0 mPTC have shown to be low 15, 16. We 

hypothesize that the RD rate after hemithyroidectomy in patients with low-risk mPTC in 

the Netherlands is low. The objective of this nationwide study is therefore to assess the 

occurrence and risk factors of RD in all Dutch mPTC patients who received surgical 

treatment according to the Dutch guideline between January 2000 and December 2020.  

 

METHODS 

Patients and data collection 

As previously described 13, all adult patients treated for mPTC in the Netherlands from 

January 2000 to December 2020 were included in this study. Data was obtained from the 

Dutch registry of histo- and cytopathology reports (PALGA) and the Netherlands Cancer 

Registry managed by the Netherlands Comprehensive Cancer Organisation (IKNL). All 

reports that were identified by IKNL as T1a and T1 were reviewed. Patients were 

identified using the 8th AJCC TNM classification 17, in which the tumor had to be ≤ 1,0 

cm in the largest dimension on the pathology reports. Exclusion criteria were PTC >1cm, 

preoperative pathology confirmed lymph node metastases, follicular or medullar 

microcarcinoma and unknown tumor diameter of the PTC. Patients with unknown tumor 

diameter were also included if the report explicitly stated that a microcarcinoma was 

found in the specimen. After inclusion, patients were divided into two groups: Group 1; 

(incidental) mPTC in pathology report after thyroid surgery for another indication and 

Group 2; (non-incidental) patients with a preoperative high suspicious thyroid nodule 

(Bethesda 5) or proven mPTC (Bethesda 6). 

Baseline characteristics (age, sex and follow-up time), findings from the pathology 

reports (type of mPTC, tumor diameter, vascular invasion, (extra)capsular invasion of the 

thyroid, multifocality, bilaterality, number of localizations, co-existence of thyroiditis, 
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BRAF-mutation, encapsulating tumor, invasion through tumor capsule, lymph node 

involvement and radical (R0) or less than radical resection (R1 or R2)), RD and mortality 

data were collected. Follow-up of low-risk patient, according to the Dutch guidelines, 

consists of an annual determination of Tg during thyroxine replacement in combination 

with neck palpation for five years. RD was detected and proven by using ultrasound and 

fine-needle aspiration cytology. RD was defined as structural, pathology proven local RD, 

the occurrence of lymph node metastases or distant metastases after initial treatment. RD 

was either treated with surgical excision and/or radioactive iodine treatment (RAI). The 

STROBE guideline for reporting observational studies was used 18. The Medical Ethics 

committee of the Erasmus Medical Center approved this study (MEC-2018-1195).  

 

Statistical analysis 

Descriptive statistics were used to express continuous variables with normal distribution 

as mean with standard deviation or abnormal distribution as median with interquartile 

range. Distribution was assessed using the Shapiro-Wilk normality test. Categorical 

variables are described as count (n) and percentage (%). To describe the magnitude of the 

difference and precision of the estimate when comparing both groups, the risk difference 

with 95% CI  for dichotomous variables and the standardized mean difference (Cohen’s 

d) with 95% CI for continuous variables was used 19.  

A multivariable Cox proportional hazards regression model was created to analyze risk 

of RD. Variables for the Cox proportional hazards model were included in the analysis 

based on their association with cancer RD in literature 20-22. Covariates within the Cox 

proportional hazards assumption were constant over time, meeting the proportional 

hazards assumption. Cox regression results are presented as hazard ratios with 95% CI. 

Time to RD was estimated using the Kaplan–Meier estimator 23. All statistical tests were 

performed using the R Project for Statistical Computing version 4.1.2 (https://www.r-

project.org/). All tests hypothesis were 2-sided and p-values of <0.05 were considered 

significant.  

 

Outcome measures 

Primary outcome was the occurrence of RD in low-risk mPTC patients after 

hemithyroidectomy. Secondary outcomes were risk factors for RD and time to RD of 

patients with mPTC.  

 

RESULTS 

Patient characteristics  

In total 2893 patients were identified as pT1a or pT1 thyroid cancer from 2000 until 2020 

in the Netherlands, of which 1636 mPTC patients were included in this study (Figure 1). 

Reasons for exclusion were unknown tumor diameter (n=267), tumor >1cm (n=687), 

preoperative lymph node metastases (n=290) and other missing information (n=13). Of 

these 1636 mPTC patients, 1152 patients were incidentally diagnosed postoperatively 

(Group 1) and 484 patients were diagnosed preoperatively (Group 2). Patients had a 
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median follow-up time of 71 [IQR: 32–118] months. The median age at time of diagnosis 

was 51 [IQR: 41–61] years and 79.0% was female. The median tumor diameter in the 

pathological specimen was 6.0 [IQR: 3.0-8.0] mm. In total 372 (22.7%) patients 

underwent a total thyroidectomy, 367 (22.4%) underwent a completion thyroidectomy 

and 874 (53.4%) patients underwent a hemithyroidectomy. Cervical lymph node 

dissection was performed in 76 (4.6%) patients and 402 (24.6%) patients received RAI 

treatment after total- or completion thyroidectomy.  

Patients with non-incidental mPTC were more likely to be men when compared to patients 

with incidentalomas (25.4% vs. 19.2%, difference 6.2%, 95% CI 1.8% to 10.8%). Tumor 

diameter was larger in the group with non-incidental mPTC than in the group with 

incidentalomas (6.0 mm vs. 5.0 mm). Vascular invasion, bilaterality and (extra)capsular 

invasion of thyroid were more frequent in patients with non-incidental mPTC. Patients 

with non-incidental mPTC underwent more total or completion thyroidectomies (n=232, 

47.9%) and RAI treatments (n=173, 35.7%) than patients with incidentalomas (n=507, 

44.0% and n=229, 19.9% respectively). Of all patients undergoing initial total 

thyroidectomy (n=372), bilaterality of the mPTC was found in 24/228 (10.5%) patients 

with incidental mPTC and in 33/144 (22.9%) patients with non-incidental mPTC. Refer 

to Table 1 for additional characteristics.  
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Table 1.  Clinical and histopathological characteristics of mPTC patients in the Netherlands 

 Total Patients divided in two groups  

 
 Incidental 

mPTC 
Non-incidental 

mPTC 

 

    Estimate with 95% CI 

Number of patients 1636 1152 (70.3) 484 (29.7)  

Age (years) 51 [41-61] 51 [42-61] 52 [41-60] 0.00 (-0.11, 0.10) 

Male sex 344 (21.0) 221 (19.2)  123 (25.4) 6.2 (1.7, 10.7) 

Follow-up (months) 71 [32-118] 78 [39-127] 47 [21-93] -0.43 (-0.54, -0.32) 

Surgical treatment     

Hemi thyroidectomy 874 (53.4) 632 (54.9) 242 (50.0) -4.9 (-10.2, 0.4) 

Total thyroidectomy 372 (22.7) 228 (19.8) 144 (29.8) 10.0 (5.3, 14.6) 

Completion thyroidectomy 367 (22.4) 279 (24.2) 88 (18.2) -6.0 (-10.2, -1.8) 

Isthmus resection 13 (0.8) 4 (0.3) 9 (1.9) 1.6 (0.3, 2.9) 

Thyroglossal duct cyst 9 (0.6) 8 (0.7) 1 (0.2) -0.5 (-1.1, 0.1) 

Lateral cyst 1 (0.1) 1 (0.1) 0 -0.1 (-0.3, 0.1) 

CLNDª 76 (4.6) 35 (3.0) 41 (8.5) 5.5 (2.8, 8.2) 

  CCLND 58 25 31  

  LCLND 25 18 7  

  Location unknown 14  5 9  

Non-surgical treatment     

Radioactive Iodine treatment 402 (24.6) 229 (19.9) 173 (35.7) 15.8 (10.9, 20.6) 

Pathology report   

Diameter (mm) (n=40) b 6.0 [3.0-8.0] 5.0 [2.0-7.0] 8.0 [6.0-9.0] 1.05 (0.94, 1.17) 

Diameter ≥ 5.0 mm (n=40)  995 (62.3) 559 (50.1) 436 (90.6) 40.5 (36.6, 44.4) 

Multifocality 343 (21.0) 230 (20.0) 113 (23.3) 3.3 (-1.1, 7.7) 

Bilaterality (n=10) 139 (8.5) 83 (7.2) 56 (11.7) 4.5 (1.3, 7.7) 

Less than radical resection 78 (4.8) 46 (4.0) 32 (6.6) 2.6 (0.1, 5.1)  

(extra)capsular invasion  54 (3.3) 25 (2.2) 29 (6.0) 4.4 (2.5, 6.3) 

Vascular invasion 31 (1.9) 9 (0.8) 22 (4.5) 3.7 (1.8, 5.6) 

BRAF mutation (n=1501) 98 (72.6) 68 (82.9) 30 (56.6) -26.3 (-41.9, -10.7) 

Thyroiditis 252 (15.4) 196 (17.0) 56 (11.6) -5.4 (-9.0, -1.8) 

Type of mPTC     

  Classic mPTC 1329 (81.2) 906 (78.6) 423 (87.4) 8.8 (5.0, 12.6) 

  FVmPTC 293 (17.9) 237 (20.6) 56 (11.6) -9.0 (-12.7, -5.3) 

  Other 14 (0.9) 9 (0.8) 5 (1.0) 0.2 (-0.8, 1.2) 

Metastases   

N-stage     

  NX/N0 1552 (94.9) 1119 (97.1) 433 (89.5) -7.6 (-10.5, -4.7) 

  N1a 61 (3.7) 21 (1.8) 40 (8.3) 6.5 (3.9, 9.1) 

  N1b 23 (1.4) 13 (1.1) 11 (2.3) 1.2 (-0.3, 2.7) 

M-stage (M1) 1 (0.1) 1 (0.1) 0 -0.1 (-0.3, 0.1) 

Recurrence      

Overall recurrence 25 (1.5) 15 (1.3) 10 (2.1) 0.8 (-0.5, 2.5) 

  Lymph node 15 (0.9) 8 (0.7) 7 (1.4) 0.7 (-0.5, 1.9) 

  Distant 0  0 0 0  

  Local 10 (0.6) 7 (0.6) 3 (0.6) 0 (-0.8, 0.8) 
Data are expressed as numbers (percentage) or as median [IQR]; Estimate is expressed as risk difference for 

dichotomous variables and as standardized mean difference for continuous variables; Missing data is presented 

in parentheses behind variables. mPTC = papillary thyroid microcarcinoma,; FVmPTC = Follicular variant of 

mPTC; n/a = not applicable; CI = confidence interval 

ª Concomitant cervical lymph node dissection (CLND); CCLND =  Central CLND (level VI); LCLND = 

Lateral CLND (level II-IV) (total number of dissections);  
 b  Certain mPTC but precise diameter unknown  
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Figure 1. Flow chart of included patients. 

 

 
 
 

Follow-up of all 1636 mPTC patients 

Lymph node metastases were found in 5.2% (n=85) of the total cohort. Of these 85 

patients, 69 had lymph node involvement during surgery which was not seen 

preoperatively and were not defined as RD. The percentage of distant metastases was 

0.1% (n=1). RD after initial treatment was seen in 25 patients (1.5%), of which 15 patients 

with lymph node metastases, 8 patients with new mPTC in the contralateral lobe and 2 

patient with local RD after total thyroidectomy. Median time to RD was 8.2 [IQR: 3.6-

16.5] months. Figure 2 displays the time distribution of all mPTC patients with RD in the 

Netherlands. In total, 16 of 25 (64%) patients with RD were found in the first year after 

follow-up and 22 of 25 (90%) within the first two years of follow-up.  

Subgroup analysis showed that patients with non-incidental mPTC had a higher rate of 

lymph node metastases than patients with incidental mPTC (n=51, 10.5% vs. n=34, 3.0%; 

difference 7.6%, 95% CI 4.9% to 10.8%). However, RD was not significantly different 

between both groups (incidental mPTC; n=15; 1.3%, non-incidental mPTC; n=10; 2.1%; 

difference 0.8%, 95% CI -0.5% to 2.5%). Of the 484 patients with non-incidental mPTC 

(Group 2), 246 (50.8%) patients were treated with a hemithyroidectomy and follow-up in 

accordance with Dutch guidelines. Median follow-up of this patient group was 37 [IQR: 

18-71] months. Lymph node metastases were found in 1/246 (0.4%) patient after 

hemithyreoidectomy and a new mPTC in the contralateral thyroid was detected in 3/246 

(1.2%) patients. All 4 patients underwent completion thyroidectomy after diagnosis of 

RD. Of the 484 patients with non-incidental mPTC (Group 2), 228 (47.1%) patients 

received total or completion thyroidectomy in accordance with Dutch guidelines. Median 

follow-up of this patient group was 67 [IQR: 27-111] months. Lymph node metastases 

were found in 6/228 (2.6%). Of these 6 patients, 4 patients received RAI after surgery.  
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Risk factors for RD 

Univariate Cox proportional hazards model analysis showed that a larger tumor diameter, 

multifocality, vascular invasion and (extra)capsular invasion were associated with RD 

(Table 2). Multivariable Cox proportional hazard model analysis showed that vascular 

invasion (HR 12.0; 95% CI 3.7-30.1) and (extra)capsular invasion (HR 4.0; 95% CI 1.3-

12.2) were risk factors for RD after initial treatment. The estimated cumulative probability 

of RD at 1, 3, 5 and 10 years were 0.9%, 1.5%, 1.7% and 1.7% respectively. The 10-year 

estimated cumulative probability of RD was 1.3% for patients without vascular invasion 

and 24.4% for patients with vascular invasion of the tumor (Figure 3). The total number 

of patients with RD in the group with vascular invasion was 6, whereas this number was 

25 in the group without vascular invasion. Of all 15 patients with lymph node RD, 9 (60%) 

patients had multifocal disease, 6 (40%) patients had vascular invasion and 3 (15%) 

patients had capsular invasion. In total, 4 patients (27%) lacked all risk factors described 

above. 10 out of 15 patients with lymph node RD received RAI treatment after initial 

surgery. 

 

 

 

 

 

 

 

 

 

 

 

Table 2.  Multivariable Cox proportional hazards analysis for recurrence free survival 

 Univariate  Multivariable 

Independent variable 
Hazard 

ratio 
95% CI 

Independent 

variable 

Hazard 

Ratio 
95% CI 

Age (years) 1.001 0.972-1.031    

Male sex 1.231 0.492-3.083    

Diameter (mm) 1.163 1.006-1.344    

Multifocality 2.524 1.134-5.617    

Vascular invasion 18.507 7.380-46.411 Vascular invasion 12.020 
3.709-

30.058 

Capsular invasion 8.387 3.138-22.413 Capsular invasion 4.012 
1.319-

12.209 

Irradical resection 2.817 0.843-9.412    

Type of mPTC      

  Classic mPTC 1.700 0.509-5.682    

  FVmPTC Reference     

CI = confidence interval;  FVmPTC = Follicular variant of mPTC;  mPTC = papillary thyroid 

microcarcinoma; Age is expressed in years as a continuous variable; Diameter is expressed in millimetre as a 

continuous variable. All other independent variables are dichotomous. 
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Figure 2.  Duration of Follow-up and Time of Recurrence of All 25 Patients With 

Recurrent Disease. 

 

 

Figure 3. Vascular Invasion and Recurrent Disease in All 1636 Patients. 
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DISCUSSION  

In this study, we described the occurrence and risk factors of RD after surgery in 1636 

cN0/cNx mPTC patients during a 20 year time period in the Netherlands. Overall RD 

rates after initial surgical surgery were low (1.5%) and if RD was detected, 90% was 

found within two years of follow-up. The low RD rate in patients without preoperative 

lymph node metastases demonstrated in this study substantiates findings in other studies. 

Mehenna et al. described two different entities of mPTC; one group with incidental mPTC 

and one group with non-incidental mPTC 15. In that meta-analysis, non-incidental mPTCs 

had a significant higher rate of RD than incidentally found mPTCs (7.9% vs. 0.5% 

respectively). However, in the current study, there was no difference in RD between the 

groups after initial treatment. Subgroup analysis of patients with non-incidental mPTC 

receiving a hemithyroidectomy and follow-up showed that the RD rate was 1.6%, similar 

to the group with incidental mPTC. This is best explained by the fact that patients with 

preoperative lymph node metastases were excluded in the current study. Another study 

from Buffet et al. also showed a low structural recurrence rate (4%) after surgical 

intervention in 1667 mPTC patients without preoperative lymph node metastases 16.   

As a result of the low rate of RD shown in the current study, the additional value of follow-

up for patients with unifocal intrathyroidal mPTC seems to be low and has to be weighed 

against the chance of patients’ anxiousness as a result of false-positive thyroid nodules on 

ultrasound during follow-up. In addition, to our knowledge, early detection of RD in 

patients with mPTC after surgery has never been shown to positively affect prognosis or 

quality of life. This substantiates the recommendation of the 2014 British Thyroid 

Association Guideline, which states that low-risk mPTC patients after hemithyroidectomy 

require no further follow-up for cancer care and can be discharged to the care of their 

general practitioner for thyroid function evaluation 24.  

From a healthcare perspective, de-escalation of follow-up after surgery would contribute 

to an increased accessibility to healthcare, which is considered as one of the main 

challenges for the future 25. In addition, de-escalating follow-up contributes to lower 

health care costs due to a decrease in laboratory tests and neck ultrasounds. When 

compared to active surveillance, Lin et al. already suggested that surgery is less costly 

and more effective than active surveillance for patients with mPTC after 16.2 years 26. In 

that study, patients who underwent surgery received 5 years of clinical follow-up with 

neck ultrasonography examination. When patients with low-risk mPTC do not remain in 

follow-up for 5 years, costs would decrease even more. De-escalation of follow-up also 

comes with more sustainability due to less patient traveling. 

Although vascular invasion was not common in patients with mPTC (2%), this 

determinant showed to be a significant risk factor for the occurrence of RD in the current 

study. The risk of RD at 5 years after surgery increases to 25% for patients with vascular 

invasion of the mPTC in the pathology report. This corresponds to several studies within 

literature describing vascular invasion as an adverse prognostic factor for RD and survival 

in patients with papillary thyroid carcinoma 27-29. This also substantiates that patients with 
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vascular invasion after hemithyroidectomy could benefit from additional completion 

thyroidectomy and radioactive iodine and require more extensive follow-up. 

The results of this study should be addressed with respect to its limitations. First, it is a 

retrospective registry study and some degree of information bias cannot be ruled out. 

Second, we did not have access to individual ultrasound reports. We could not determine 

if patients with RD in the contralateral lobe after hemithyroidectomy all had negative 

preoperative ultrasound results of that contralateral lobe. In addition, we could not 

determine if patients who had RD in the second year had a negative ultrasound in the first 

year after surgery. Third, due to a limited number of patients with RD and thus a lack of 

power, the multivariable cox proportional hazards model did not include all factors 

significantly related to the outcome. Lastly, disease-specific mortality was not available 

in the Netherlands Cancer Registry and could not be extracted from the data. Efforts are 

made to assess these data by combining other national registries.  

The current study shows that RD after hemithyroidectomy for low-risk mPTC occurs in 

less than 2% of patients and the 90% of RD occurrences are discovered within the first 

two years. These results suggest that patients could safely refrain from further follow-up 

after hemithyroidectomy for low-risk mPTC without vascular invasion. However, a one-

time follow-up moment with neck ultrasound after two years also seems reasonable. 

Individual patient engagement through a shared decision-making approach should be 

conducted in order to choose the most appropriate follow-up option. Patients with 

pathology confirmed vascular invasion should receive more intensive follow-up due to 

the high chance of RD (25%). 

 

CONCLUSIONS 

Recurrent disease after hemithyroidectomy for unifocal, intrathyroidal mPTC patients is 

rare (<2%). Based on the low recurrent disease rates in this study, it seems reasonable to 

de-escalate follow-up of low-risk mPTC patients without vascular invasion after 

hemithyroidectomy. From a healthcare perspective, de-escalation of follow-up 

contributes to increased sustainability and accessibility to healthcare, both large 

challenges for the future. 
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ABSTRACT 

 

Background and objective 

The reported incidence of persistent hypoparathyroidism varies widely, and consensus on 

a definition is lacking. The objective was to evaluate the real-life incidence of persistent 

hypoparathyroidism by investigating a new pragmatic definition. 

 

Methods 

This retrospective multicenter cohort study evaluated the effect of different definitions 

for persistent hypoparathyroidism on the incidence of hypoparathyroidism. In addition, 

risk factors for hypoparathyroidism were analyzed. 

 

Results 

In total, 749 patients were included. Using the new pragmatic definition, we report an 

incidence of 7.9% of persistent hypoparathyroidism. When applying other commonly 

used definitions, incidence varied between 11.8% and 22.1%. Risk factors were 

parathyroid autotransplantation, presence of another surgical complication, and low 

postoperative serum calcium. 

 

Conclusions 

Our data show that the incidence of persistent hypoparathyroidism in the literature may 

vary through the use of different definitions. This study indicates that a new pragmatic 

definition of persistent hypoparathyroidism has the potential to enable unbiased 

comparison between studies. 
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INTRODUCTION 

Hypoparathyroidism is the most common iatrogenic complication after total or 

completion thyroidectomy and is caused by inadvertent resection or devascularization of 

the parathyroid glands, leading to the absence or insufficient production of parathyroid 

hormone (PTH) 1.Postoperative hypoparathyroidism results in hypocalcemia and may 

cause direct clinical symptoms such as paraesthesia and muscle cramps. On the long term, 

patients with hypoparathyroidism are at risk for various comorbidities and complications, 

such as chronic kidney disease, basal ganglia calcifications, and hospitalization due to 

seizures resulting in an impaired quality of life 2–4.A recent study even described higher 

mortality rates in this population 5. 

In most cases, parathyroid function will recover within the first year after surgery, and 

calcium levels will normalize 6,7. Although the majority of single-center studies have 

shown an incidence of persistent hypoparathyroidism of less than 5%, more recent 

national registries and multicenter studies have published much higher incidence rates up 

to 16.7% 8–13. Incidence rates are affected by the populations case-mix, as patients with 

Graves’ disease and patients undergoing lymph node dissection have an increased risk of 

hypoparathyroidism 14,15. Besides case-mix, incidence rates are greatly influenced by the 

definition being used, as demonstrated by the study of Mehanna et al.16 Definitions vary 

from the need for calcium supplements after 6 months to the need for calcium and/or 

active vitamin D analogues, and low PTH levels after 12 months 17. Multiple studies have 

shown that parathyroid function may recover within the first year after surgery and by 

diagnosing patients with persistent hypoparathyroidism before 12 months may lead to 

inappropriate incidence rates 6–8. The same principle applies when persistent 

hypoparathyroidism is defined as the need for calcium supplements only, without the use 

of active vitamin D since active vitamin D with or without calcium is the conventional 

therapeutic approach for hypoparathyroidism 18–20. Furthermore, active weaning off 

supplementation must be attempted to prevent overtreatment and an incorrectly diagnosed 

hypoparathyroidism 20. Currently, there is no international consensus on the definition of 

persistent hypoparathyroidism, which impedes an unbiased comparison of studies. To 

overcome these limitations, we evaluated a new pragmatic definition of persistent 

hypoparathyroidism (the need for active vitamin D analogues with or without calcium 

supplements 12 months after surgery with an attempt to actively wean off 

supplementation) in a retrospective multicenter cohort study and compared it with 

commonly used other definitions. In addition, we tried to identify risk factors for 

persistent hypoparathyroidism. 

 

METHODS 

Study design and setting 

This is a retrospective multicenter cohort study performed in 10 hospitals in the 

Southwestern region of the Netherlands, who participate in the Thyroid Network. This 

collaboration entails one university hospital and nine non-university hospitals, and was 

formed to implement uniform and structured regional care pathways. Approval was 
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obtained from the Medical Ethical committee of Erasmus MC (MEC-2018-1195). The 

requirement for written informed consent was waived, given the retrospective character 

of this study. The STROBE guidelines for reporting observational studies were used. 

 

Patients and data 

All adult patients (⩾18 years) undergoing a total or completion thyroidectomy between 

January 2010 and December 2016 in the Thyroid Network were included. Exclusion 

criteria included preoperative parathyroid dysfunction, the use of active vitamin D for any 

cause, reoperation in the central neck compartment within 1 year after total or completion 

thyroidectomy or missing 1-year follow-up data. For clarity, the use of preoperative 

calcium supplementation is not an exclusion criteria as de novo calcium supplementation 

after surgery was assessed. Data on calcium and/or active vitamin D treatment at 

discharge and 12 months after surgery were retrieved directly from the medical charts. 

Other data that were retrospectively collected from electronic medical charts were as 

follows: baseline characteristics (age, gender, body mass index (BMI), indication for 

surgery), perioperative data (type of surgery, extent of surgery, parathyroid gland 

identification), postoperative data (length of hospital stay, hospital readmission and 

emergency department (ED) visits for hypocalcemic symptoms, serum calcium at first 

postoperative day), histopathological data (histopathological diagnosis, presence of 

parathyroid tissue), and data on adjuvant treatment. Hospital readmission is defined as a 

hypocalcemia event in which the patient could have been admitted from both the ED or 

outpatient clinic. ED visits are defined as a hypocalcemia related visit to the ED, without 

the need for hospital readmission. ED visits prior to hospital readmission are counted as 

a hospital readmission and not as an ED visit separately. Data on other complications 

were collected. Temporary laryngeal nerve paralysis was defined as laryngeal nerve 

paralysis confirmed by fibroscopy that resolved within the first year after surgery. 

Permanent laryngeal nerve paralysis was defined as laryngeal nerve paralysis 1 year or 

more after surgery confirmed by fibroscopy. 

 

Surgical procedure 

Total or completion thyroidectomy was performed by endocrine surgeons via a Kocher 

incision. Thyroidectomy procedures were performed in the same standardized manner by 

ligating the superior vessels, mobilizing the upper pole, followed by the capsular 

dissection technique with respect to the parathyroid glands. Inferior vessel ligation was 

performed after identification of the recurrent laryngeal nerve. Inadvertently resected 

parathyroid glands were autotransplanted into the sternocleidomastoid muscle. A central 

lymph node dissection (CLND) or lateral lymph node dissection (LLND) was performed 

when indicated (preoperative suspicion of lymph node metastasis or proven lymph node 

metastasis). Prophylactic cervical lymph node dissections were not performed. 
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Definitions and management 

To assess the impact of definition on the rate of hypoparathyroidism, we applied the 

following three definitions. For the first definition, patients were considered to have 

persistent hypoparathyroidism (1) if they used de novo prescribed active vitamin D 

analogues with or without calcium supplements 12 months after surgery, irrespective of 

the dosage and (2) if they had an unsuccessful attempt of active weaning off in 

supplementation. Patient medical records were searched for attempts of weaning. Both 

treating physician notes and pharmacy prescriptions were checked. If no information was 

available, data were assumed as missing. The second definition included all patients who 

at least used a de novo active vitamin D analogue, whether or not in combination with de 

novo calcium supplements, 12 months postsurgery. This definition did not take into 

account active weaning off. The third definition included all patients who used de novo 

calcium and/or active vitamin D analogues, 12 months postsurgery without any confirmed 

attempt to decrease and stop this medication. Every hospital had their own calcium 

supplementation protocol, and weaning off medication was according to the discretion of 

the treating physician. Direct postoperative hypocalcemia was treated with calcium 

carbonate and active vitamin D analogues. Serum calcium levels were adjusted for 

albumin levels according to the following formula: adjusted total calcium 

(mmol/L) = measured calcium (mmol/L) + (0.025 × 40 − (albumin (g/L)). 

 

Statistical analysis 

Continuous variables were expressed as mean and standard deviation (SD) or median with 

interquartile ranges (IQRs) as appropriate. Categorical variables were described as counts 

(n) and percentages (%). Normality was assessed using the Shapiro–Wilk normality test. 

Mean values and medians were compared with a Mann–Whitney U test and chi-square or 

Fisher’s exact test, where appropriate. Missing data are presented in parentheses behind 

variables. Univariate and multivariable logistic regression analysis was performed to 

evaluate risk factors for persistent hypoparathyroidism, using the first definition. 

Statistically significant variables in univariate analysis and those judged to be clinically 

relevant were included in the multivariable logistic regression analysis, considering the 

restricted number of variables of 1 variable per 10 cases. p-values of <0.05 were 

considered significant. IBM SPSS Statistics 25 (IBM Corp., Armonk, NY, USA) was 

used to perform all statistical analyses. 

 

Results 

Total study cohort 

In total, 780 adult patients underwent a total or completion thyroidectomy between 

January 2010 and December 2016, of which 749 were included in this study (Fig. 1). 

Baseline characteristics of the total study cohort are summarized in Table 1. In total, 470 

(62.8%) patients underwent a one-stage total thyroidectomy, and 279 (37.2%) patients 

underwent a completion thyroidectomy. CLND ± LLND was performed in 153 (20.4%) 

patients, of which 61 (8.1%) CLND only and 92 (12.3%) had both CLND + LLND 
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surgery. A parathyroid autotransplantation was performed in 52 (6.9%) patients, and in 

183 (24.4%) patients’ parathyroid tissue was found at histology. Other complications than 

hypoparathyroidism were wound infection in 9 (1.2%) patients, chyle leakage in 11 

(1.5%) patients, reoperation for bleeding in 27 (3.6%) patients, temporary laryngeal nerve 

paralysis in 21 (2.8%) patients, and permanent laryngeal nerve paralysis in 43 (5.7%) 

patients. 

 

Figure 1. Flowchart of patient enrollment. 

 

 

Footnote Figure 1: * 81 patients were excluded due to missing data on active vitamin D one year 

after surgery. ¥ 76 patients were excluded due to missing data on calcium and/or active vitamin D 

one year after surgery.  

 

 

 

 

Incidence of hypoparathyroidism using different definitions 

Three different definitions were used to assess the incidence of persistent 

hypoparathyroidism. Due to the use of different definitions, three different cohorts were 

created (Fig. 1). For the first and second definitions, 81 patients were excluded due to 

missing data on active vitamin D 1 year after surgery. For the third definition, 76 patients 

were excluded due to missing data on calcium and/or active vitamin D 1 year after 

surgery. When applying the first definition, 53 out of 668 (7.9%) patients were considered 

to have persistent hypoparathyroidism (Table 2). The incidence of persistent 

hypoparathyroidism was 11.8% (79/668) when using the second definition and 22.1% 

(149/673) when using the third definition. Subgroup analysis of patients with benign 

versus malignant disease and whether a CLND ± LLND was performed showed a similar 

trend for the three definitions (Table 2). 
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Postoperative outcomes and risk factors for persistent hypoparathyroidism 

The postoperative outcomes of patients with or without persistent hypoparathyroidism are 

depicted in Table 3. Patients with persistent hypoparathyroidism had a longer hospital 

stay than patients without persistent hypoparathyroidism (4.00 (IQR = 2.24–6.75) days vs 

2.0 (IQR = 1.0–3.00) days; p < 0.001). Patients with persistent hypoparathyroidism were 

readmitted to the hospital more often and visited the emergency department more often 

for hypocalcemia (15.1% vs 2.1%; p < 0.001% and 9.4% vs 0.7%; p < 0.001, 

respectively). Univariate analysis showed that a malignancy, one-stage thyroidectomy, 

CLND ± LLND and CLND + LLND, parathyroid autotransplantation, parathyroid tissue 

at histology, lower postoperative serum calcium, and the occurrence of a surgical 

complication were significantly associated with persistent hypoparathyroidism (Table 3). 

Multivariable analysis showed that a lower postoperative serum calcium, parathyroid 

gland autotransplantation, and presence of another surgical complication were 

significantly associated with persistent hypoparathyroidism (Table 4). 
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Table 1. Clinicopathological, procedural and postoperative outcomes for the total study cohort 

Baseline Total cohort (n=749) 
 

   Gender, female 566 75.6% 

   Age (y) 50.0 [38.0 - 62.0] 

BMI (kg/m2) 26.2 [23.2 – 29.8] 

Baseline medication   
   Thyroid hormone supplementation 107 14.3% 

   Colecalciferol supplementation 

   Calcium supplementation 

61 

35 

8.1% 

4.7% 

Hospital   
  Academic centre 339 45.3% 

  Regional hospital 410 54.7% 

Indication for surgery   

  Malignancy 183 24.4% 

  Indeterminate or suspicious nodule 220 29.4% 

  Multinodular goiter 179 23.9% 

  Graves 95 12.7% 

  Bethesda I nodule 26 3.5% 

  Symptomatic benign nodule 25 3.5% 

Surgical characteristics 
 

749 

   1-stage thyroidectomy 470 62.8% 

   2-stage thyroidectomy 279 37.2% 

   CLND+/-LLND 153 20.4% 

   CLND 61 8.1% 

   CLND + LLND 92 12.3% 

   Parathyroid gland reimplanted 52 6.9% 

Histological characteristics 
  

Malignant 445 59.4% 

Multinodular goitre 160 21.4% 

Graves 78 10.4% 

Parathyroid tissue at histology 183 24.4% 

Postoperative outcomes 
  

Serum calcium corrected (POD1) (n=532) 2.15 [2.04 - 2.25] 

Surgical complication 
  

   Reoperation for bleeding 27 3.6% 

   Woundinfection 9 1.2% 

   Reoperation for woundinfection 6 0.8% 

   Chyle leake 11 1.5% 

   Temporary RLNP 21 2.8% 

   Permanent RLNP 43 5.7% 

Hospital stay (days) 2.00 [1.00 - 3.00] 

Readmission for hypocalcemia 21 2.8% 

ED visit for hypocalcemia 9 1.2% 

Supplementation at discharge (de novo) 
  

   Calcium only 206 27.5% 

   Active vitamin D only 4 0.5% 

   Calcium + active vitamin D 157 21.0% 

   No supplementation 353 47.1% 

   Unknown 11 1.5% 

Supplementation after 1 year (de novo) 
  

   Calcium only 67 8.9% 

   Active vitamin D only 4 0.5% 

   Calcium + active vitamin D 79 10.5% 

   No supplementation 523 68.2% 
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   Unkown 76 10.1% 

Data are expressed as a percentage or as median with interquartile range; CLND = central lymph node dissection; 

LLND = lateral lymph node dissection; POD1 = first postoperative day; RLNP = recurrent laryngeal nerve 

paralysis; ED = emergency department 

 

 

 

 

 

 

Table 2. Subgroup analysis on the incidence of hypoparathyroidism using the three different definitions 

 Total Benign Malignant CLND+ CLND- 

Definition 1 53/668 7.9% 13/250 4.9% 40/418 9.6% 23/139 16.5% 30/529 5.7% 

Definition 2 79/668 11.8% 22/250 8.8% 57/418 13.6% 30/139 21.6% 49/529 9.3% 

Definition 3 149/673 22.1% 50/252 19.8% 99/421 23.5% 52/140 37.1% 97/533 18.2% 

Definition 1 = At least de novo active vitamin D with or without de novo calcium + attempt to wean off 

Definition 2 = At least de novo active vitamin D with or without de novo calcium 

Definition 3 = De novo active vitamin D and/or de novo calcium 

CLND+/-LLND + = central lymph node dissection with or without lateral lymphnode dissection performed 

CLND+/-LLND - = central lymph node dissection with or without lateral lymphnode dissection not performed   
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Table 3. Clinicopathological, procedural and postoperative outcomes stratified by hypoparathyroidism 

for the first definition (n=670) 

  
Hypoparathyroidism

+ (n=53) 

Hypoparathyroidism

- (n=615) p-value 

Baseline       

   Gender, female 37 69,8% 469 76,3% 0.293 

   Age (y) 45.0 [37.5 - 69.0] 50.0 [37.0 - 60.0] 0.337 

   BMI (kg/m2) 26.3 [23.5 – 28.7] 26.3 [23.0 – 29.9] 0.802 

Baseline medication       

   Thyroid hormone supplementation 6 11,3% 86 14,1% 0.638 

   Colecalciferol 4 7,5% 50 8,1% 0.904 

Hospital       

  Academic centre 30 56,6% 257 41,8% 0.037 

  Regional hospital 23 43,4% 358 58,2%   

Indication for surgery      

  Malignancy 24 45.3% 143 23.3% 0.000 

  Indeterminate or suspicious nodule  12 22.6% 189 30.7% 0.218 

  Multinodular goiter 12 22.6% 136 22.1% 0.929 

  Graves 2 3.8% 84 13.7% 0.051 

  Bethesda I nodule 0 0.0% 24 3.9% 0.143 

  Symptomatic benign nodule 1 1.9% 23 3.7% 0.487 

      

Surgical characteristics 
 

749 
 

749   

   1-stage thyroidectomy 39 73,6% 367 59,7% 0.047 

   2-stage thyroidectomy 14 26,4% 248 40,3%   

   CLND +/- LLND 23 43,4% 116 18.9% 0.000 

   CLND 8 15,1% 47 7,6% 0.058 

   CLND + LLND 15 28,3% 69 11,2% 0.000 

   Parathyroid gland reimplanted 10 18,9% 38 6,2% 0.001 

Histological characteristics 
    

  

   Malignant 40 75,5% 378 61,5% 0.043 

   Graves 2 3.8% 67 10.9% 0.102 

   Multinodular goitre 9 17.0% 119 19.3% 0.674 

   Parathyroid tissue at histology 24 45,3% 141 22.9% 0.000 

Postoperative outcomes 
    

  

Serum calcium corrected (POD1) (n=472) 2.00 [1.93 - 2.11] 2.16 [2.07 - 2.25] 0.000 

Surgical complication 13 24,5% 79 12,8% 0.000 

Hospital stay (days) 4.00 [2.24 - 6.75] 2.00 [1.00 - 3.00] 0.000 

Readmission for hypocalcemia 8 15.1% 13 2,1% 0.000 

ED visit for hypocalcemia 5 9.4% 4 0.7% 0.000 

Data are expressed as a percentage or as median with interquartile range. Hypoparathyroidism + = 

hypoparathyroidism; hypoparathyroidism - = no hypoparathyroidism; CLND = central lymph node dissection; 

LLND = lateral lymph node dissection; POD1= first postoperative day; ED= emergency department. 
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DISCUSSION 

Utilizing a new pragmatic definition, we report in this multicenter study an incidence of 

7.9% of persistent hypoparathyroidism. This new definition incorporates both the use of 

an active vitamin D analogue with or without calcium supplementation with an attempt 

to actively wean off supplementation. When applying other commonly used definitions, 

incidence of hypoparathyroidism in this study varied between 11.8% and 22.1% 17. These 

differences further underline the need for international consensus on the definition of 

hypoparathyroidism. Active vitamin D has been the conventional therapeutic approach 

for many years 18–20 in patients with persistent hypoparathyroidism after surgery. 

However, active weaning off vitamin D and calcium supplementation in these patients is 

often overlooked and leads to often, lifelong overtreatment 20. We therefore propose to 

use this new definition, which gives a fair picture of the true incidence of postoperative 

hypoparathyroidism. This definition is underlined by the recently published expert 

consensus statement regarding the management of parathyroid disorders in which they 

state that persistent hypoparathyroidism should be diagnosed if active vitamin D 

analogues are still necessary to maintain calcium concentrations low normal. They also 

recommend to confirm the chronicity by carefully tapering active treatment 21. When 

utilizing our definition of hypoparathyroidism, lower postoperative serum calcium, 

parathyroid gland autotransplantation, and the occurrence of surgical complications were 

found to be independent risk factors for persistent hypoparathyroidism. 

The herein reported rate of persistent hypoparathyroidism is high compared to single-

center studies applying the definition of using active vitamin D analogue only. For 

example, a single-center study by Almquist et al. 22 reported an incidence rate of 1.9%, 

while we found an incidence of 11.8% when applying the same definition. Furthermore, 

nationwide and multicenter studies reported higher incidence rates up to 5.2%, using this 

definition, yet this is not as high as in this study 5,23. Studies that used the definition of 

calcium and/or active vitamin D analogues use, 12 months postsurgery without any 

confirmed attempt to stop this medication reported higher incidence rates. A nationwide 

population-based cohort study from Sweden reported an incidence rate of 12.5%; 

however, only patients with benign disease were included 12. Differences in incidence 

Table 4. Multivariable analysis of variables affecting the development of 

hypoparathyroidism using the first definition 

   

OR  

 

(95% CI) 

 

p-value 

 

CLND +/- LLND  1.579 (0.728 - 3.426) 0.247 

Postoperative calcium 0.004 (0.000 - 0.054) 0.000 

PTG pathology report 1.712 (0.811 - 3.615) 0.159 

PTG auto transplantation 2.851 (1.057 - 7.687) 0.038 

Surgical complication 2.410 (1.032 - 5.629) 0.042 

CLND = central lymph node dissection; LLND = lateral lymph node dissection; 

PTG = parathyroid gland 
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rates might not only be explained by the definitions used for hypoparathyroidism but also 

by the included population. In this study, more than half of the patients underwent surgery 

for malignant disease of whom 20.4% underwent lymph node surgery. This might explain 

the relatively high incidence of hypoparathyroidism, which is about equal to the finding 

by Diez et al. 10 who reported an incidence of hypoparathyroidism of 16.7% in a 

population comparable to ours. 

 

Influence of definition on incidence of hypoparathyroidism 

Previous studies have investigated the influence of the use of different definitions on the 

incidence of hypoparathyroidism. Mehanna et al.16 described that the incidence of 

persistent hypoparathyroidism varied from 0.9% to 4.4% when different definitions were 

applied. On the contrary, a study by Harsløf et al.17 did not find an association between 

the incidence rate and the use of different definitions. However, they did express their 

concern regarding the wide variety of definitions that are used across studies which might 

be linked to confounding factors affecting the reported incidence of hypoparathyroidism. 

All definitions for hypoparathyroidism that were applied in this study were defined solely 

by a clinical parameter: the use of active vitamin D analogues with or without calcium 

supplements 1-year postsurgery. Serum calcium and PTH levels were not part of the 

definitions, which makes this definition pragmatic to use and enhance the comparability 

of hypoparathyroidism rates between different centers. 

The discrepancy in incidence between the groups with and without any attempt to wean 

off supplementation (a difference of 16.0%) implies that a significant proportion of our 

patients might use unnecessary supplementation 1 year after surgery. This highlights the 

importance of the implementation of a standardized and uniform protocol for weaning off 

medication, especially if only calcium supplements are prescribed. Unfortunately, to date, 

there is no worldwide consensus on such a treatment algorithm, and it is to be expected 

that overtreatment is not solely a problem in the Netherlands. However, data on this topic 

are lacking. Furthermore, by including only the use of calcium in the definition, patients 

receiving supplementation for another indication are defined as having 

hypoparathyroidism which increases the incidence rate. To our knowledge, this is the first 

study including patients with an inability to wean off vitamin D and calcium 

supplementation which is different from most studies including patients based on serum 

PTH levels in their definition of hypoparathyroidism 24–26. Nevertheless, a normal PTH 

level does not preclude the occurrence of hypocalcemic symptoms necessitating 

supplementation 25,27,28. As discussed previously by Lorente-Poch et al.28, 

hypoparathyroidism could be subclassified into aparathyroidism (undetectable PTH 

levels), hypoparathyroidism (detectable but subnormal PTH levels), and relative 

parathyroid insufficiency (normal PTH levels but insufficient to maintain calcium levels). 

This is highly suggestive for heterogeneity of persistent hypoparathyroidism, which 

makes it all the more difficult to reach consensus regarding the definition. Also, this could 

partly explain why some patients will never be tapered off medication. Furthermore, PTH 

levels are not measured routinely in the participating centers of this study. Also, national 
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investigation shows that PTH levels are not measured in standard protocols 29. We 

therefore propose the use of our pragmatic and clinical definition without the use of serum 

PTH levels, to enable worldwide and unbiased comparison of incidence rates. Yet, it 

should include the effort of the clinician to wean off supplementation, which should also 

be standardized. 

 

Risk factors of persistent hypoparathyroidism 

In this study, we found that lower serum calcium level on the first postoperative day is an 

independent risk factor for persistent hypoparathyroidism, which confirmed a previous 

finding in a meta-analysis 14. Moreover, parathyroid autotransplantation was found to be 

an independent risk factor for persistent hypoparathyroidism. However, the influence of 

autotransplantation on persistent hypoparathyroidism is still debated. Some studies have 

found that it may prevent hypoparathyroidism on the long term or found no association at 

all 6,22,30. However, others reported autotransplantation as a risk factor of persistent 

hypoparathyroidism, which is in line with our results 12,31. Parathyroid tissue on pathology 

report was not found to be an independent risk factor for persistent hypoparathyroidism. 

However, in nearly one quarter of the patients, parathyroid tissue was found on histology, 

which is comparable to the 22.7% found by Diez et al.10 and the 29.0% incidence of 

inadvertent parathyroid gland resection found by Paek et al.31 Although, comparable to 

the literature, the incidence of inadvertent parathyroid gland resection in our cohort is 

substantial and future research should focus on developing new techniques for the surgical 

preservation of parathyroid glands. It is hypothesized that lymph node surgery increases 

the risk of inadvertent parathyroid gland removal or damaging the parathyroid gland, and 

therefore increases the risk for persistent hypoparathyroidism 10,15. In this study, there was 

no statistically significant association between CLND and persistent hypoparathyroidism 

on univariate analysis, while there was an association for CLND ± LLND and 

CLND + LLND. This could be explained by insufficient power for CLND, but also by the 

higher risk for parathyroid gland damage when an LLND is performed. However, on 

multivariable analysis, no association was found for any type of lymph node dissection. 

The occurrence of surgical complications was an independent risk factor for persistent 

hypoparathyroidism which could partially be explained by reoperation for bleeding, as 

described previously 30. 

 

Limitations 

This study is a non-randomized, retrospective study, and despite the care of data collection 

and the use of clear inclusion criteria, observation bias cannot be ruled out. Second, the 

number of cases precluded an extensive multivariable analysis. Finally, serum PTH levels 

were not available, and therefore, the use of PTH in a definition could not be compared 

to our pragmatic definition. 
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CONCLUSIONS 

Our data show that the incidence of persistent hypoparathyroidism in the literature may 

vary through the use of different definitions. This study indicates that a new pragmatic 

definition of persistent hypoparathyroidism, solely based on clinical parameters and in 

alignment with all current guidelines for hypoparathyroidism management, has the 

potential to enable unbiased and universal comparison between studies. 
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ABSTRACT 

Importance  
There is no consensus on when to initiate calcium and/or active vitamin D 

supplementation in patients with post-thyroidectomy hypoparathyroidism.  
 

Objective 

The aim of this meta-analysis is to evaluate the impact of different treatment strategies 

for early postoperative hypoparathyroidism on hypocalcemia-related complications and 

long-term hypoparathyroidism.  

 

Data sources 

Embase.com, MEDLINE via Ovid, Web of Science Core Collection, Cochrane Central 

Register of Controlled Trials, and the top 100 references of Google Scholar were searched 

from inception to September 20th, 2022.  

 

Study selection 

Articles reporting on adult patients who underwent total, near-total, or completion 

thyroidectomy which specified a treatment strategy for post-thyroidectomy 

hypoparathyroidism were included. Final article selection was conducted by multiple 

reviewers based on consensus.  

 

Data extraction and Synthesis 

This meta-analysis was conducted in accordance with the MOOSE and COSMOS-E 

guidelines. Random effect models were applied to obtain pooled proportions and 95% 

confidence intervals.  

 

Main outcome and Measures 

Primary outcome was the occurrence of major complications related to postoperative 

hypocalcemia. Secondary outcome was the incidence of long-term hypoparathyroidism. 

 

Results 

Sixty-six studies comprising 67 treatment protocols and 51096 patients were included in 

this meta-analysis. The median patient age was 50 years (range, 34-57) and 73% was 

female. In 8 protocols (3806 patients), routine calcium and/or active vitamin D medication 

was given to all patients directly after thyroidectomy. In 49 protocols (44012 patients), 

calcium and/or active vitamin D medication was only given to patients with biochemically 

proven post-thyroidectomy hypoparathyroidism. In 10 protocols (3278 patients), calcium 

and/or active vitamin D supplementation was only initiated in case of clinical symptoms 

of hypocalcemia. No patient had a major complication due to postoperative hypocalcemia. 

The pooled proportion of long-term hypoparathyroidism was 2.4% (95% CI, 1.9-3.0). 

There was no significant difference in hospitalization time or the incidence of long-term 

hypoparathyroidism between the three supplementation groups.  
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Conclusions and relevance 

All treatment strategies (routine vs. biochemical-based vs. symptom-based) for 

postoperative hypocalcemia prevent major complications of hypocalcemia. The early 

postoperative treatment protocol for post-thyroidectomy hypoparathyroidism does not 

seem to influence recovery of parathyroid function in the long term.  
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INTRODUCTION 

Hypoparathyroidism is a common complication after total thyroidectomy. It leads to 

hypocalcaemia and treatment consists of supplementation with calcium and/or active 

vitamin D. Postoperative hypoparathyroidism is usually diagnosed within 24-48 hours 

after surgery. Based on the time to recovery of parathyroid function the following 

definitions can be applied: short-term hypoparathyroidism (restored function within < 30 

days after thyroidectomy), protracted hypoparathyroidism (restored function within 1-6 

months after thyroidectomy) and long-term hypoparathyroidism (persisting parathyroid 

failure for at least 6-12 months after thyroidectomy, with occasional long-term recovery 

of parathyroid function) 1. The estimated incidence of short-term hypoparathyroidism 

ranges from 20-40% 2 and the incidence of long-term hypoparathyroidism ranges from 1-

15% 3-5. Patients with long-term hypoparathyroidism have an impaired quality of life and 

long-term hypoparathyroidism is associated with an increased risk of death 6, 7.  

The worldwide approaches for treating post-thyroidectomy hypoparathyroidism can be 

categorized into three different strategies. One strategy encompasses routine calcium 

and/or active vitamin D supplementation in all patients undergoing thyroidectomy, which 

is regarded as a practical approach to facilitate early discharge after thyroid surgery and 

to limit the occurrence of symptomatic hypocalcemia 8, 9. However, routine 

supplementation results in overtreatment of patients who do not require supplementation. 

Another strategy involves calcium and/or vitamin D supplementation only in the presence 

of clinical symptoms, which aims to reduce overtreatment but studies on the safety of this 

strategy are scarce 10. The third, most commonly used, strategy starts supplementation 

based on calcium or parathyroid hormone (PTH) levels 11. A recent European expert 

consensus report emphasized, however, that there is no consensus or guideline on when 

to initiate calcium and/or active vitamin D supplementation in patients with early 

postoperative hypoparathyroidism 12. Although not frequently reproduced, some studies 

state that aggressive supplementation in all patients with postoperative 

hypoparathyroidism induces metabolic rest of the injured parathyroid gland (concept of 

parathyroid splinting) and could have a beneficial impact on long-term parathyroid 

function1, 13, 14.  

The goal of this systematic review is to summarize all available evidence of different 

treatment strategies for early postoperative hypoparathyroidism and their impact on 

hypocalcemia-related complications and long-term hypoparathyroidism. 

 

METHODS 

Literature search and study selection 

The study protocol was registered in the PROSPERO database (CRD-42022378225). The 

methods in this systematic review and meta-analysis are described based on the PRISMA 

Checklist 15 and the PRISMA-S extension to the PRISMA Statement for Reporting 

Literature Searches in Systematic Reviews 16. An exhaustive search strategy was 

developed by an experienced information specialist (M.F.M.E.). The search was 

developed in Embase.com, optimized for sensitivity and then translated to other databases 



Management of Post-Thyroidectomy Hypoparathyroidism 

 

209 

11 

following the method as described by Bramer et al. 17. The search was carried out in the 

databases Embase.com, Medline ALL via Ovid, Web of Science Core Collection and the 

Cochrane Central Register of Controlled Trials via Wiley. Additionally, a search was 

performed in Google Scholar from which the 200 top-ranked references were downloaded 

using the software Publish or Perish 18. The search was performed on September 20 2022. 

The full search strategies of all databases are available in Supplementary File 1.  

Two reviewers (S.P.J.D. and M.H.E.D.) independently screened titles and ABSTRACTs 

of articles in EndNote using the method as described by Bramer et al. 19. In case of 

disagreement in the selection of articles, a third reviewer (T.M.G.) was consulted to make 

the final decision. We aimed to identify other eligible studies by searching the reference 

lists of all included studies. This systematic review of scientific literature was conducted 

following the Meta-analysis of Observational Studies in Epidemiology (MOOSE) 

reporting guideline 20 and we used the Conducting Systematic Reviews and Meta-

Analyses of Observational Studies of Etiology (COSMOS-E) as a guide in all steps of the 

meta-analysis 21. Studies were included if 1) they involved patients who underwent total, 

near-total, or completion thyroidectomy and 2) a treatment strategy for early 

postoperative hypoparathyroidism was specified and 3) long-term hypoparathyroidism 

was an outcome of the study. There were no language restrictions applied. Exclusion 

criteria were: case reports, case series including less than 5 patients, letters, (systematic) 

reviews, meta-analyses, guidelines, study protocols, ABSTRACTs, statements, and 

studies on non-surgical hypoparathyroidism.  

 

Data extraction and outcomes 

The following data were extracted: author names and affiliations, year of publication, type 

of study, study period, the total number of patients, the total number of surgeries, patient 

age, patient sex, the treatment protocol for postoperative hypoparathyroidism (e.g. 

treatment initiation trigger, incidence and duration of postoperative calcium and/or active 

vitamin D supplementation), follow-up data (e.g. calcium or active vitamin D 

supplementation after 6 and 12 months), complications, health-related quality of life and 

mortality data. Patients receiving prophylactic supplementation post-thyroidectomy, 

irrespective of their discharge medication regimen, were classified within the 'routine 

supplementation' group. Long-term hypoparathyroidism was defined as ‘biochemical’ 

when the definition of hypoparathyroidism comprised calcium and/or PTH levels. Long-

term hypoparathyroidism was defined as ‘clinical’ when the definition of 

hypoparathyroidism was based on the need for calcium and/or vitamin D 

supplementation. Postoperative seizures, laryngospasms, bronchospasms and cardiac 

arrhythmias due to hypocalcemia were considered major complications. The primary 

outcome of this study was the incidence of major complications due to postoperative 

hypocalcemia. Secondary outcome was the incidence of long-term hypoparathyroidism.  

 

Statistical analysis  

For most outcomes, proportions were used as the summary measure. Sample means with 

standard deviations were estimated from the median, sample size, interquartile range and 
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total range using Wan’s method 22. Results were pooled using random effects meta-

analysis. Studies without events for a specific outcome were excluded from the meta-

analysis as per COSMOS-E recommendations 21. Two studies were excluded from all 

meta-analyses as these studies only included patients with postoperative 

hypoparathyroidism 23, 24. We analyzed data for subgroup effects by supplementation 

strategy (routine vs. biochemically-based vs. symptom-based supplementation), age (< 50 

years vs. ≥ 50 years), geographical location (America vs. Asia vs. Europe), the time of 

diagnosing long-term hypoparathyroidism (6 months vs. 12 months) and definition of 

long-term hypoparathyroidism (biochemical vs. clinical). Studies assessing long-term 

hypoparathyroidism varied with respect to the time to onset of tapering off medication. 

We therefore analyzed the effect of duration of supplementation on the size of the 

associations by random-effects univariate meta-regressions, using restricted maximum 

likelihood which we present as mean effects with 95% CIs. To assess publication bias, 

we used sample size-based funnel plots instead of the conventional standard error-based 

funnel plots, as these often show inaccurate findings in meta-analyses of proportion 

studies 25, 26. Meta-analysis was performed using R version 4.1.2.  

 

Results 

Systematic Literature Search 

A total of 1743 articles were screened (Figure 1) and 237 full-text articles were assessed 

for eligibility. After careful selection of the articles, 66 studies were eligible for the final 

synthesis and were included in this review 10, 23, 27-90.  

 

Study Characteristics and Quality Appraisal 

Sixty studies were observational cohort studies and 6 studies were randomized controlled 

trials (Table 1). Sixty-one of the included studies were single-institution studies. Only one 

trial randomized patients into different treatment protocols and compared long-term 

hypoparathyroidism rates (outcome) between a biochemically-based and a symptom-

based treatment protocol (exposure) 23. All other 65 studies had no within-study 

comparison of early treatment strategies for hypoparathyroidism and were considered as 

case series, which generally have a high risk of bias and low certainty 91, 92.  

 

Clinical Characteristics 

In total, 51096 patients were included in the final data synthesis. The median number of 

patients per study was 264 (range 57 to 19662). Among all studies with data, the median 

patient age was 50 years (range, 34 to 57) and the proportion of female patients was 73.4% 

(n=35515). Total thyroidectomy was performed in 48891 patients (95.7%), near-total 

thyroidectomy in 1788 patients (3.5%), and completion thyroidectomy in 417 patients 

(0.8%). In all studies reporting on lymph node dissections and pathology results, central 

neck lymph node dissection was performed in 19.4% of patients (n=9647) and 

malignancy was found in pathologic examination in 31.9% of all patients (n=15796). 

Further characteristics of included studies are shown in Supplementary File 2. 
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Table 1 Characteristics of included studies (n=66) 

Study 

Number 

of 

patients 

Study design Surgical procedure 
Treatment 

protocol 

Abboud 

2008 
252 

Retrospective 

cohort study 

Total thyroidectomy (n=93, 36.9%), near 

total thyroidectomy (n=159, 63.1%). 
Routine 

Cocchiara 

2010 
126 

Prospective 

RCT 
Total thyroidectomy (n=126, 100%). Biochemical 

Karamanako

s 

2010 

2043 
Retrospective 

cohort study 

Total thyroidectomy (n=1149, 56.2%), 

near total thyroidectomy (n=777, 38.0%), 

sub-total thyroidectomy (n=117, 5.7%). 

Biochemical 

Shindo 

2010 
256 

Retrospective 

cohort study 
Total thyroidectomy (n=256, 100%). Biochemical 

Sitges-Serra 

2010 
442 

Retrospective 

cohort study 
Total thyroidectomy (n=442, 100%). Biochemical 

Youngwirth  

2010 
271 

Retrospective 

cohort study 
Total thyroidectomy (n=271, 100%). Routine 

Houlton 

2011 
180 

Retrospective 

cohort study 

Total thyroidectomy (n=139, 77.2%), 

completion thyroidectomy (n=41, 22.7%).  
Biochemical 

Sands 

2011 
270 

Retrospective 

cohort study 
Total thyroidectomy (n=270, 100%).  Biochemical 

Testini 

2011 
19662 

Retrospective 

cohort study 
Total thyroidectomy (n=19662, 100%). Biochemical 

Raffaelli 

2012 
186 

Prospective 

cohort study 
Total thyroidectomy (n=186, 100%). Biochemical 

Sousa 

2012 
333 

Retrospective 

cohort study 

Total thyroidectomy (n=160, 48.0%), 

subtotal thyroidectomy (n=144, 43.2%), 

completion thyroidectomy (n=29, 8.7%). 

Symptom 

Yano 

2012 
296 

Retrospective 

cohort study 
Total thyroidectomy (n=296, 100%). Biochemical 

Dionigi  

2013 
199 

Prospective 

RCT 

Total thyroidectomy (n=183, 92.0%), 

subtotal thyroidectomy (n=16, 8.0%).  
Biochemical 

Julian 

2013 
70 

Prospective 

cohort study 
Total thyroidectomy (n=70, 100%). Biochemical 

Pisanu 

2013 
112 

Prospective 

cohort study 
Total thyroidectomy (n=112, 100%). Symptom 

Sheahan 

2013 
126 

Prospective 

cohort study 
Total thyroidectomy (n=126, 100%). Symptom 

Shinall 

2013 
165 

Retrospective 

cohort study 

Total thyroidectomy (n=165 patients 

underwent total thyroidectomy 
Routine 

Finel 

2014 
240 

Prospective 

cohort study 
Total thyroidectomy (n=240, 100%).  Biochemical 

Noureldine 

2014 
304 

Retrospective 

cohort study 
Total thyroidectomy (n=304, 100%). Biochemical 
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Puziello 

2014 
2631 

Prospective 

cohort study 

Total thyroidectomy (n=2364, 89.6%), 

near-total thyroidectomy (n=185, 7.0%), 

completion thyroidectomy (n= 85, 3.2%).  

Biochemical 

Lorente-

Poch 

2015 

657 
Retrospective 

cohort study 
Total thyroidectomy (n=657, 100%). Biochemical 

Pasquale 

2015 
995 

Prospective 

cohort study 
Total thyroidectomy (n=995, 100%). Biochemical 

Prazenica 

2015 
788 

Retrospective 

cohort study 
Total thyroidectomy (n=788, 100%). Biochemical 

Selberherr 

2015 
237 

Prospective 

cohort study 
Total thyroidectomy (n=237, 100%). Biochemical 

Shailesh 

2015 
90 

Prospective 

cohort study 
Total thyroidectomy (n=90, 100%). Biochemical 

Cho 

2016 
1030 

Retrospective 

cohort study 
Total thyroidectomy (n=1030, 100%). Symptom 

Järhult 

2016 
640 

Prospective 

cohort study 

Subtotal thyroidectomy (n=190, 29.7%), 

Dunhill procedure (n=123 ,19.2%), total 

thyroidectomy (n=327, 51.1%). 

Symptom 

Oran 

2016 
543 

Retrospective 

cohort study 

Total thyroidectomy (n=455, 83.8%), 

subtotal thyroidectomy (n=88, 16.2%). 
Biochemical 

Sung 

2016 
237 

Retrospective 

cohort study 
Total thyroidectomy (n=237, 100%). Symptom 

Wang  

2016 
221 

Retrospective 

cohort study 

Total thyroidectomy (n=164, 74.2%), 

completion thyroidectomy (n=57, 25.8%).  
Biochemical 

Sitges-Serra 

2017 
145 

Prospective 

cohort study 
Total thyroidectomy (n=145, 100%). Biochemical 

Wang 

2017 
487 

Retrospective 

cohort study 
Total thyroidectomy (n=487, 100%). Symptom 

Aydin 

2018 
182 

Retrospective 

cohort study 
Total thyroidectomy (n=182, 100%). Biochemical 

Falch 

2018 
702 

Retrospective 

cohort study 
Total thyroidectomy (n=702, 100%). Biochemical 

Mazotas 

2018 
591 

Retrospective 

cohort study 

Total thyroidectomy (n=568, 96.0%), 

completion thyroidectomy (n=23, 4%) 

underwent completion thyroidectomy. 

Biochemical 

Vasileiadis 

2018 
2556 

Retrospective 

cohort study 
Total thyroidectomy (n=2556, 100%).  Biochemical 

Fernando 

2019 
170 

Prospective 

RCT 
Total thyroidectomy (n=170, 100%). Biochemical 

Manzini 

2019 
361 

Prospective 

cohort study 

Total thyroidectomy (n=288, 79.8%), 

Dunhill procedure (n=71, 19.7%). 
Biochemical 

Ponce 

2019 
956 

Retrospective 

cohort study 
Total thyroidectomy (n=956, 100%).  Biochemical 

Xue 

2019 
93 

Retrospective 

cohort study 
Total thyroidectomy (n=93, 100%). Biochemical 
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Dedhia 

2020 
811 

Retrospective 

cohort study 

Total thyroidectomy (n=678, 83.6%), 

completion thyroidectomy (n=133, 

13.0%). 

Biochemical 

Hou 

2020 
197 

Retrospective 

cohort study 
Total thyroidectomy (n=197, 100%). Routine 

Liu 

2020 
840 

Prospective 

cohort study 
Total thyroidectomy (n=840, 100%). Routine 

Mehta 

2020 
265 

Prospective 

cohort study 
Total thyroidectomy (n=265, 100%). Biochemical 

Mo 

2020 
176 

Prospective 

cohort study 
Total thyroidectomy (n=176, 100%). Biochemical 

Peker 

2020 
57 

Prospective 

cohort study 
Total thyroidectomy (n=57, 100%). Biochemical 

Villarroya 

2020 
811 

Prospective 

cohort study 
Total thyroidectomy (n=811, 100%). Biochemical 

Zheng 

2020 
546 

Retrospective 

cohort study 
Total thyroidectomy (n=546, 100%).  Biochemical 

Celik 

2021 
144 

Prospective 

cohort study 
Total thyroidectomy (n=144, 100%).  Symptom 

Karunakaran 

2021 
328 

Prospective 

cohort study 
Total thyroidectomy (n=328, 100%). Biochemical 

Kim 

2021 
542 

Retrospective 

cohort study 
Total thyroidectomy (n=542, 100%). Biochemical 

Kim Wook 

2021 
200 

Prospective 

RCT 
Total thyroidectomy (n=200, 100%). Symptom 

Privitera 

2021 
187 

Retrospective 

cohort study 

Total thyroidectomy (n=187, 96.8%), 

subtotal thyroidectomy (n=6, 3.2%).  
Biochemical 

Qiu 

2021 
1749 

Retrospective 

cohort study 
Total thyroidectomy (n=1749, 100%). Routine 

Slycke 

2021 
1043 

Prospective 

cohort study 
Total thyroidectomy (n=1043, 100%). Biochemical 

Yao 

2021 
183 

Retrospective 

cohort study 
Total thyroidectomy (n=183, 100%). Routine 

Zhou 

2021 
537 

Retrospective 

cohort study 
Total thyroidectomy (n=537, 100%). Biochemical 

Abdelrahim 

2022 
90 

Prospective 

cohort study 
Total thyroidectomy (n=90, 100%). Biochemical 

Arshad 

2022 
911 

Retrospective 

cohort study 
Total thyroidectomy (n=911, 100%). Biochemical 

Avgeri 

2022 
116 

Retrospective 

cohort study 
Total thyroidectomy (n=116, 100%). Biochemical 

Canu 

2022 
426 

Retrospective 

cohort study 
Total thyroidectomy (n=426, 100%). Biochemical 

Li 

2022 
203 

Prospective 

RCT 
Total thyroidectomy (n=203, 100%). 

Biochemical 

and Symptom 

Moreno 

2022 
120 

Prospective 

cohort study 
Total thyroidectomy (n=120, 100%). Biochemical 
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Treatment Protocols 

In total, 67 protocols for early postoperative hypoparathyroidism were specified and all 

protocols included oral calcium with or without active vitamin D supplementation. In 8 

protocols, routine calcium and/or active vitamin D supplementation was given to all 

patients directly after thyroidectomy (Group “routine”, n=3806). In 49 protocols, calcium 

and/or active vitamin D supplementation was only given to patients with biochemically 

proven post-thyroidectomy hypoparathyroidism (Group “biochemical”, n=44012). In 10 

protocols, calcium and/or active vitamin D supplementation was only initiated in case of 

clinical symptoms of hypocalcemia (Group “symptom”, n=3278).  

 

Hypocalcemia-related symptoms, supplementation and complications 

The pooled proportion of symptomatic hypocalcemia was 9.4% (95% CI, 6.8-12.3), with 

high heterogeneity between the studies (Tau2 = 0.0143, I2 = 97%; p < .001) (Table 2, 

Supplementary File 3). There was no significant difference in symptomatic hypocalcemia 

proportions between the three supplementation groups (Group “routine”, n=174, 5.2% 

[95% CI, 1.9-10.0]; Group “biochemical”, n=1041; 8.8% [95% CI, 5.6-12.7]; Group 

“symptom”, n=241, 13.5% [95% CI, 7.2-21.2], p=0.11 for subgroup difference). The 

pooled proportion of calcium and/or active vitamin D supplementation at discharge was 

48.6% (95% CI, 33.6-63.7), with high heterogeneity between the studies (Tau2 = 0.1739, 

I2 = 100%; p < .001) (Supplementary File 4). The pooled proportion of calcium and/or 

active vitamin D supplementation at discharge was significantly lower in studies applying 

symptom-based supplementation (Group “symptom”, 14.0%, n=247; [95% CI, 7.4-22.1]) 

than in studies with biochemically-based supplementation (Group “biochemical”, 35.5%, 

n=2551; [95% CI, 27.5-43.9]) and routine supplementation (Group “routine”, 98.4%, 

n=2077; [95% CI, 91.1-100], p<0.01 for subgroup difference). The length of hospital stay 

was reported in 14 studies including 6028 patients and median length of stay was 3.9 days 

(range 2.0-7.0) and did not significantly differ between the supplementation groups. In 

six studies reporting on major hypocalcemia-related complications (1714 patients), no 

major complication occurred. Five studies (four biochemically-based studies and one 

symptom-based study) comprising 1998 patients provided the number of hypocalcemia-

related readmissions after hospital discharge. The pooled proportion of patients 

Riordan 

2022 
570 

Retrospective 

cohort study 

Total thyroidectomy (n=521, 91.4%), 

completion thyroidectomy (n=49, 8.6%). 
Biochemical 

Yin C 

2022 
149  

Retrospective 

cohort study 
Total thyroidectomy (n=149, 100%). Routine 

Yin S 

2022 
180 

Prospective 

RCT 
Total thyroidectomy (n=180, 100%).  Biochemical 

Data are expressed as numbers with percentage (). RCT = randomized controlled trial 

Routine =  routine calcium and/or vitamin D medication was given to all patients undergoing thyroidectomy  

Biochemical =  routine calcium and/or vitamin D medication was only given to patients with biochemically 

proven post-thyroidectomy hypoparathyroidism 

Symptom =  calcium and/or vitamin D supplementation in case of clinical symptoms of hypocalcemia 
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readmitted due to hypocalcemia was 0.4% (95% CI, 0-1.5), with high heterogeneity 

between studies (Tau2 = 0.0023, I2 = 80%; P < .01). No studies reported on health-related 

quality of life and cost-effectiveness. Clinical outcomes of all individual studies can be 

seen in Supplementary File 5.  

 

 

 

 

Table 2 Summarized clinical outcome measures of included studies. 

Characteristic 
Number 

of studies 

Number 

of 

patients 

Pooled 

outcome 

measure  

95% CI 

Symptomatic hypocalcemia 30 15332 9.4%  6.8-12.3 

Long-term hypoparathyroidism 66 51096 2.4%  1.9-3.0 

Hospitalization time (days) 14 6028 3.4 2.5-4.4 

Supplementation at discharge 31 11047 48.6%  33.6-63.7 

Major complications 6 1714 0 Na 

Readmissions 5 1998 0.4%  (0-1.5) 

Data are expressed as pooled proportion or pooled mean with 95% CI’s ().  

CI = confidence interval 

Na = Not applicable 

Table 3 Subgroup analysis of long-term hypoparathyroidism prevalence studies.  

Variable 
Number of 

studies 
Proportion % 95% CI P-value 

Age 

  <50 years 

  >50 years 

 

22 

26 

 

1.8 

3.6 

 

1.0-2.8 

2.5-4.8 

0.02 

Geographical location 

  America    

  Asia 

  Europe 

 

11 

22 

31 

 

1.4 

2.5 

3.0 

 

0.7-2.3 

1.4-3.9 

2.2-4.0 

0.03 

Supplementation protocol 

  Routine  

  Biochemical 

  Symptom 

 

9 

47 

10 

 

1.1 

2.9 

1.5 

 

0.2-2.7 

2.2-3.6 

0.6-2.8 

0.05 

Time of diagnosis 

  6 months 

  12 months 

 

37 

20 

 

2.3 

2.9 

 

1.6-3.1 

2.1-3.9 

0.40 

Definition long-term hypoparathyroidism 

  Biochemical 

  Need for supplementation 

 

24 

37 

 

2.3 

2.9 

 

1.4-3.5 

2.1-3.7 

0.46 

CI = confidence interval 

Routine =  routine calcium and/or vitamin D medication was given to all patients undergoing thyroidectomy  

Biochemical =  routine calcium and/or vitamin D medication was only given to patients with biochemically 

proven post-thyroidectomy parathyroid failure 

Symptom =  calcium and/or vitamin D supplementation in case of clinical symptoms of hypocalcemia 
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Long-term Hypoparathyroidism 

The incidence of long-term hypoparathyroidism ranged between 0% and 24.1%. The 

pooled proportion of long-term hypoparathyroidism was 2.4% (95% CI, 1.9-3.0), with 

high heterogeneity between the studies (Tau2 = 0.0041, I2 = 92%; P < .01). Evidence of 

publication bias was detected in studies with small sample sizes (Supplementary File 6). 

Subgroup analysis showed that there was no significant difference in long-term 

hypoparathyroidism rates between the three supplementation groups (Group “routine”, 

n=82, 1.1% [95% CI, 0.2-2.7]; Group “biochemical”, n=1045; 2.9% [95% CI, 2.2-3.6]; 

Group “symptom”, n=72, 1.5% [95% CI, 0.6-2.8], p=0.054 for subgroup difference) 

(Figure 2). The pooled proportion of long-term hypoparathyroidism of studies with a 

mean age >50 years was 3.6% (95% CI: 2.5-4.8) compared with 1.8% (95% CI: 1.0-2.8) 

for studies with a mean age <50 years (p=0.02, Table 3). Studies performed in America 

showed a pooled proportion of 1.4% (95% CI: 0.7-2.3), compared with 2.5% (95% CI: 

1.4-3.9) for Asian and 3.0% (95% CI: 2.2-4.0) for European studies (p=0.03).  

In 37 studies (n=39826), long-term hypoparathyroidism was defined as a condition 

persisting beyond 6 months, while in 20 studies (n=11270), it was defined as a condition 

persisting beyond 12 months. The proportion of long-term hypoparathyroidism did not 

significantly differ between the time points of diagnosis (p=0.40). Long-term 

hypoparathyroidism was defined based on biochemical values (PTH and/or calcium) in 

24 studies (n=11400), whereas the need for calcium and/or vitamin D supplementation 

was used as the definition of long-term hypoparathyroidism in 37 studies (n=37480). The 

incidence of long-term hypoparathyroidism did not differ between studies applying either 

the biochemical definition or the need for supplementation (p=0.46). 

Studies differed regarding the time to onset of weaning patients off supplementation. 

Among all studies with data, the median time to the first day of weaning off 

supplementation was 28 days (IQR: 14-28). By meta-regression, the proportion of long-

term hypoparathyroidism did not significantly change with increasing time to weaning 

off supplementation (0.002 change per day, 95% CI -0.001 to 0.004; p=0.16, 

Supplementary File 7A). A higher incidence of postoperative biochemical 

hypoparathyroidism and a more recent publication year were associated with a higher 

incidence of long-term hypoparathyroidism (0.253 change per 10% increase in 

postoperative biochemical hypoparathyroidism incidence, 95% CI 0.142 to 0.365; 

p<0.01, Supplementary File 7B) and (0.004 change per more recent year of publication, 

95% CI 0.000 to 0.008; p=0.04, Supplementary File 7C) respectively.  
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Figure 2. Forest plot of the incidence of long-term hypoparathyroidism. 
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DISCUSSION  

This meta-analysis including 51096 patients shows that all three treatment strategies for 

early postoperative hypoparathyroidism (routine vs. biochemical-based vs. symptom-

based supplementation) prevent major hypocalcemia-related complications and did not 

show significant differences in hypoparathyroidism incidence in the long-term.  

Patients undergoing thyroidectomy are at risk for postoperative hypoparathyroidism 

resulting in hypocalcemia. When left untreated, severe postoperative hypocalcemia can 

be lethal and increases the risk of various serious adverse events such as seizures, cardiac 

arrhythmias and laryngospasms 93. Therefore, there has been a rationale to prevent 

potential dangers of hypocalcemia by providing calcium and/or vitamin D 

supplementation in patients with biochemical hypocalcemia or even in all patients who 

undergo total thyroidectomy 94. Furthermore, routine calcium supplementation has 

demonstrated both cost-effectiveness and enhanced patient utility when compared to 

selective calcium supplementation 95,96. However, this strategy possibly induces 

overtreatment in many patients who do not appropriately wean off supplementation 97. 

Jarhult et al. showed that only providing supplementation in patients with symptoms of 

hypocalcemia avoids unnecessary treatment in most patients and could be a safe treatment 

option as the readmission rate after discharge was low (1%) and no major complications 

related to hypocalcemia occurred 10. The current study showed that 14% of patients who 

were subjected to a symptom-based supplementation protocol received supplementation 

at discharge, whereas this percentage was 36% in the biochemical-based group and 98% 

in the routine supplementation group. Eight out of ten included studies with symptom-

based supplementation did not report on readmission rates or major complications. To 

evaluate the true potential of symptom-based supplementation in patients undergoing total 

thyroidectomy, high-quality data on adverse events, readmission rates, hospitalization 

time and emergency department visits are needed. In addition, clinical and biochemical 

predictors for short- and long-term hypoparathyroidism such as PTH decreases could 

refine existing treatment protocols to provide tailor-made postoperative patient care 11.  

The pooled rate of long-term hypoparathyroidism in this study was 2.4%, which is 

substantially lower than the rates in recent nationwide studies from the Scandinavian and 

West-European countries 5, 7. This finding is emphasized by the presence of publication 

bias demonstrated in Supplement 6. The present study also shows that the incidence of 

long-term hypoparathyroidism significantly increased with a more recent year of article 

publication. A possible explanation for the higher incidence of long-term 

hypoparathyroidism in recent years could be the transparent reporting of nationwide 

studies wherein loss to follow-up is limited 5, 98. The burden of long-term 

hypoparathyroidism is therefore most likely a more prominent problem than the rates 

presented in this systematic review suggest. The definition of long-term 

hypoparathyroidism differed among included studies, which has been shown to influence 

the rate of long-term hypoparathyroidism 99, 100. However, we did not find evidence that 

there were differences in long-term hypoparathyroidism rates for different definitions in 

subgroup analyses, which substantiates the findings of a review from Harslof et al. 101.  
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Long-term hypoparathyroidism rates did not significantly differ between studies with 

symptom-based, biochemically-based, or routine calcium and/or vitamin D 

supplementation. This substantiates findings from a recent trial comparing routine 

supplementation and symptom-based supplementation in a randomized, controlled setting 
23. Although the rate of symptomatic hypocalcemia in that study was more prevalent in 

patients relying solely on symptom-driven supplementation compared to those who 

received prophylactic supplementation, that study did not show any notable differences 

between the groups in long-term parathyroid function. This contradicts the theory of 

parathyroid splinting, which involves the belief that aggressive medical therapy in every 

patient with post-thyroidectomy biochemical hypoparathyroidism enhances the 

restoration of the parathyroid function and improves long-term parathyroid function 13. 

Little is known about the physiological mechanisms within the parathyroid when applying 

different postoperative treatment strategies. To provide any evidence that the treatment 

strategy for postoperative hypoparathyroidism affects long-term parathyroid function 

after iatrogenic damage, experiments in a controlled environment using organoids and/or 

animal models should be conducted. Methods to standardize a physiological 

hypoparathyroidism animal model are described and can be used for future studies on 

long-term parathyroid function under different supplementation regimens 102. 

This study has several limitations. Important data such as readmissions, hospitalization 

times, time to weaning off medication and overall adherence to the supplementation 

protocols were frequently missing in included studies, limiting the sample size of these 

analyses. Our findings substantiate a review protocol from Edafe et al. which noted this 

gap in current literature due to a lack of high-quality evidence in the management of 

temporary and long-term hypoparathyroidism after thyroid surgery 103. In that study, no 

eligible studies (RCTs) were identified that investigated the effects of calcium, vitamin 

D, or recombinant parathyroid hormone in individuals experiencing temporary and long-

term post-thyroidectomy hypoparathyroidism. An important limitation of the current 

study arises from the fact that, with the exception of one study, all included studies were 

non-comparative studies with differences in treatment schedules. These studies have a 

higher risk of bias and low certainty 91,92. Although we made efforts to explain between-

study heterogeneity through subgroup and meta-regression analyses, it is important to 

recognize that the certainty of evidence derived from this meta-analysis is dependent on 

the design of included studies and their risk of bias 104, which was high. Therefore, it is 

prudent to exercise a certain degree of caution when considering its findings. The 

recognition of disease process variability among patients in the included studies is 

acknowledged as a limitation of this study. A small subset of patients (0.8%) in this study 

underwent completion thyroidectomy, which carries a distinct risk profile for 

postoperative hypocalcemia 105. While it is unlikely that their inclusion would 

substantially affect the study's findings, we recognize the potential for this subgroup to 

introduce cohort heterogeneity in this study. A systematic review and meta-analysis from 

2013 investigated various treatment approaches for postoperative hypocalcemia, 

revealing a reduced incidence of hypocalcemia-related symptoms in the group receiving 
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routine calcium and vitamin D supplementation 106. However, that study did not explore 

variations in major complications or the development of long-term hypoparathyroidism 

between the groups. Therefore, the current study contributes novel insights into the effects 

of the early supplementation protocol on long-term hypoparathyroidism, an aspect that 

has not been previously examined in the literature. 

 

 

CONCLUSIONS 

All treatment strategies (routine vs. biochemically-based vs. symptom-based) for 

postoperative hypocalcemia prevent major complications of hypocalcemia. The early 

treatment protocol for post-thyroidectomy hypoparathyroidism does not seem to 

influence recovery of parathyroid function in the long term. High-quality data regarding 

hospital stay, readmissions and quality of life of these different treatment strategies for 

post-thyroidectomy hypoparathyroidism are lacking. Therefore, no preference for a 

certain protocol can be defined. 
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Supplementary File 1: Details of the search strategy 

 

Database searched Platform  Years of 

coverage 

Records Records after 

duplicates removed 

Medline ALL  Ovid  1946 - Present 855 845 

Embase  Embase.com 1971 - Present 1301 583 

Web of Science Core 

Collection* 

Web of 

Knowledge  

1975 - Present 867 240 

Cochrane Central Register 

of Controlled Trials 

Wiley  1992 - Present 70 24 

Additional Search Engines: Google Scholar (200 top-ranked) 200 51 

Total 3291 1743 
*Science Citation Index Expanded (1975-present) ; Social Sciences Citation Index (1975-present) ; Arts & 

Humanities Citation Index (1975-present) ; Conference Proceedings Citation Index- Science (1990-present) ; 

Conference Proceedings Citation Index- Social Science & Humanities (1990-present) ; Emerging Sources 

Citation Index (2005-present) 

No other database limits were used than those specified in the search strategies 

Embase 1301 

('thyroidectomy'/de OR 'open thyroidectomy'/de OR 'subtotal thyroidectomy'/de OR 'total 

thyroidectomy'/de OR (thyroidectom* OR strumectom* OR ((thyroid) NEAR/3 (removal 

OR resection*))):ab,ti,kw) AND ('hypoparathyroidism'/de OR (hypoparathyroid* OR 

((parathyroid) NEAR/3 (insufficienc*))):ab,ti,kw) AND (('calcium'/de AND ('mineral 

supplementation'/de OR 'supplementation'/de OR 'diet supplementation'/de )) OR 

'hypocalcemia'/de OR 'calcium supplementation'/de OR 'calcium blood level'/de OR 

(((calcium) NEAR/3 (management OR supplement* OR regime* OR oral*)) OR 

((thyroid* OR parathyroid*) NEAR/3 (splint*)) OR hypocalc* OR calcemia OR 

((calcium OR ca OR free-calcium) NEAR/1 (blood OR level OR plasma))):ab,ti,kw) 

NOT ([animals]/lim NOT [humans]/lim) NOT (([Conference ABSTRACT]/lim OR 

[Conference Review]/lim) AND [1800-2019]/py) 

Medline 855 

(Thyroidectomy/ OR (thyroidectom* OR strumectom* OR ((thyroid) ADJ3 (removal OR 

resection*))).ab,ti,kf.) AND (Hypoparathyroidism/ OR (hypoparathyroid* OR 

((parathyroid) ADJ3 (insufficienc*))).ab,ti,kf.) AND (Calcium/tu OR Calcium/ad OR 

Calcium/th OR Hypocalcemia/ OR (((calcium) ADJ3 (management OR supplement* OR 

regime* OR oral*)) OR ((thyroid* OR parathyroid*) ADJ3 (splint*)) OR hypocalc* OR 

calcemia OR ((calcium OR ca OR free-calcium) ADJ1 (blood OR level OR 

plasma))).ab,ti,kf.) NOT (exp animals/ NOT humans/) NOT ((news OR congres* OR 

ABSTRACT* OR book* OR chapter* OR dissertation ABSTRACT*).pt. AND 

1800:2019.(sa_year).) 
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Cochrane 70 

((thyroidectom* OR strumectom* OR ((thyroid) NEAR/3 (removal OR 

resection*))):ab,ti) AND ((hypoparathyroid* OR ((parathyroid) NEAR/3 

(insufficienc*))):ab,ti) AND ((((calcium) NEAR/3 (management OR supplement* OR 

regime* OR oral*)) OR ((thyroid* OR parathyroid*) NEAR/3 (splint*)) OR hypocalc* 

OR calcemia OR ((calcium OR ca OR free-calcium) NEAR/1 (blood OR level OR 

plasma))):ab,ti) NOT "conference ABSTRACT":pt 

Web of Science 867 

TS=(((thyroidectom* OR strumectom* OR ((thyroid) NEAR/2 (removal OR 

resection*)))) AND ((hypoparathyroid* OR ((parathyroid) NEAR/2 (insufficienc*)))) 

AND ((((calcium) NEAR/2 (management OR supplement* OR regime* OR oral*)) OR 

((thyroid* OR parathyroid*) NEAR/2 (splint*)) OR hypocalc* OR calcemia OR 

((calcium OR ca OR free-calcium) NEAR/1 (blood OR level OR plasma)))) NOT 

((animal* OR rat OR rats OR mouse OR mice OR murine OR dog OR dogs OR canine 

OR cat OR cats OR feline OR rabbit OR cow OR cows OR bovine OR rodent* OR sheep 

OR ovine OR pig OR swine OR porcine OR veterinar* OR chick* OR zebrafish* OR 

baboon* OR nonhuman* OR primate* OR cattle* OR goose OR geese OR duck OR 

macaque* OR avian* OR bird* OR fish*) NOT (human* OR patient* OR women OR 

woman OR men OR man))) NOT (DT=(Meeting ABSTRACT OR Meeting Summary) 

AND py=(1800-2019)) 

Google Scholar 

thyroidectomy|strumectomy hypoparathyroidism|hypoparathyroidy calcium 
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Supplementary File 2: Characteristics of individual included studies (n=66) 

 
Supplementary File 2 Characteristics of individual included studies (n=66)  

Study Country Affiliation Study period Age  
Sex (female: 

male) 

Central neck 

dissection 

Pathology report 

(benign: malign) 

Abboud 

2008 
Lebanon 

Hotel-Dieu de 

France 

Hospital, 

Beirut 

January 2000 - 

June 2005 

Median 

44 (IQR: 

36–55) 

214:38 (84.9) 0 236:16 (93.7) 

Cocchiara 

2010 
Italy 

University of 

Palermo, 

Palermo 

January 2006 - 

January 2009 

Mean 38.1 

± SD 10.1 
94:32 (74.6) 0 0:126 (0) 

Karamanak

os 

2010 

Greece 
University of 

Patras, Patras 

January 1996 - 

December 

2007 

Mean 48.5 

± SD 13.6 

1697:346 

(83.1) 
0 2043:0 (100) 

Shindo 

2010 

United 

States 

Oregon Health 

& Science 

University, 

Portland 

July 2004 - 

December 

2007 

NS 213:43 (83.2) 122 (47.7) 134:122 (52.3) 

Sitges-

Serra 

2010 

Spain 

Hospital del 

Mar, 

Barcelona 

January 1993 - 

January 2007 

Mean 56 

± SD 15 
373:69 (84.4) 65 (14.7) 343:99 (77.6) 

Youngwirt

h  

2010 

United 

States 

University of 

Wisconsin, 

Madison, 

Wisconsin 

January 2006 - 

December 

2008 

NS 214:57 (79.0) 17 (6.3) 165:106 (60.9) 

Houlton 

2011 

United 

States 

University of 

Cincinnati, 

Cincinnati, 

Ohio 

March 2008 - 

November 

2009 

Mean 48.9 

± SD 16.0 
150:30 (83.3) 35 (19.4) 122:58 (67.8) 

Sands 

2011 
Canada 

Jewish 

General 

Hospital, 

McGill 

University, 

Montreal  

October 2004 - 

December 

2006 

Mean 50 

± SD 13 
219:51 (81.1) 0 47:223 (17.4) 

Testini 

2011 
Italy 

University 

Medical 

School of 

Bari, Bari 

January 1999 - 

December 

2008 

Mean 57.1 

range: 17–

88 

12948:6714 

(65.9) 
0 17481:2181 (88.9) 

Raffaelli 

2012 
Italy 

Università 

Cattolica del 

Sacro Cuore, 

Rome 

March 2008 - 

October 2010 

Mean 42.9 

± SD 11.5 
149:37 (80.1) 124 (66.6) 0:186 (0) 

Sousa 

2012 
Brazil 

Federal 

University of 

Minas Gerais 

UFMG 

NS 
Mean 45 

± SD 15 
304:29 (91.3) 18 (5.4) 255:78 (76.6) 

Yano 

2012 
Japan 

Ito Hospital, 

Tokyo 

January 2010 - 

August 2010 

Mean 54 

years 

(range: 

14-86) 

235:61 (79.4) 260 (87.8) 27:269 (9.1) 
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Dionigi  

2013 
Italy 

University of 

Insubria, 

Varese-Como 

NS NS 159:40 (79.9) 0 199:0 (100) 

Julian 

2013 
Spain 

Universitat 

Autònoma de 

Barcelona, 

Barcelona 

October 2009 

–  

May 2010 

Mean 51.5 

± SD 13.5 
65:5 (92.9) 11 (15.8) 54:16 (77.1) 

Pisanu 

2013 
Italy 

University of 

Cagliari, 

Monserrato 

January 2010 

to January 

2011 

Mean 53 

(range 

16–73) 

95:17 (86.6)  5 (4.5) NS 

Sheahan 

2013 
Ireland 

South 

Infirmary 

Victoria 

University 

Hospital, Cork 

April 2009 - 

May 2012 
NS 112:14 (88.9) 0 93:33 (73.8) 

Shinall 

2013 

United 

States 

Vanderbilt 

University 

Medical 

Center, 

Nashville 

July 2007 –  

May 2012 
Mean 43  129:36 (78.1) 0  100:0 (100) 

Finel 

2014 
France 

Centre 

Hospitalo-

Universitaire, 

Angers 

September 

2010 - January 

2013 

NS NS 0  183:57 (23.8) 

Noureldine 

2014 

United 

States 

Johns Hopkins 

University 

School of 

Medicine, 

Baltimore, 

Maryland 

February 

2010, and 

November 

2012 

NS 211:93 (69.4) 70 (23.0) 143:161 47.0) 

Puziello 

2014 
Italy 

University of 

Salerno, 

Salerno 

NS 

Mean 52 

± SD 15 

(range 

18–87) 

2055:576 

(78.1) 
333 (12.6) 2233:398 (84.9) 

Lorente-

Poch 

2015 

Spain 

Universitat 

Autònoma de 

Barcelona, 

Barcelona 

1998 - 2012 

55.5 ± SD 

14.8 

(range 

12–86) 

545:112 (83.3) 117 (17.8) 510:147 (77.6) 

Pasquale 

2015 
Italy 

San Paolo 

Hospital, 

Milan 

February 2011 

- August 2012 

Mean 

52.9 ± SD 

13.4 

763:232 (76.7) 0  764:231 (76.8) 

Prazenica 

2015 

The 

Czech 

Republic 

Military 

University 

Hospital, 

Prague 

January 2002 

–  

April 2012 

Mean 52.6 

± SD 13.7 
696:92 (88.3) 0 712:76 (90.4) 

Selberherr 

2015 
Austria 

Medical 

University, 

Vienna 

NS 

Mean 54 

(range 16 

– 87) 

191:46 (80.6) 0 237:0 (100) 

Shailesh 

2015 
India 

Dr Ram 

Manohar 

Lohia 

Hospital, New 

Delhi 

June 2011 – 

May 2014 
NS 76:14 (84.5) NS 66:24 (73.3) 
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Cho 

2016 

South 

Korea 

Kyung Hee 

University 

School of 

Medicine, 

Seoul 

March 2008 –  

July 2014 
NS 865:165 (84.0) 822 (79.8) 121:909 (11.7) 

Järhult 

2016 
Sweden 

Ryhov County 

Hospital, 

Jönköping 

January 1983 - 

January 2013 

Mean 49 

± SD 16 
547:93 (85.5) 32 (5.0) 588:52 (91.9) 

Oran 

2016 
Turkey 

Şişli Etfal 

Training and 

Research 

Hospital, 

İstanbul 

2008–2012 

Median 

55 (IQR 

30–68) 

NS 33 (6.1) NS 

Sung 

2016 

South 

Korea 

University of 

Ulsan College 

of Medicine, 

Seoul 

January 2009 - 

December 

2009 

NS NS 229 (96.6) 1:236 (0.4)  

Wang  

2016 
China 

Sichuan 

University, 

Chendu 

February 2012 

- March 2014 
NS 171:50 (77.4) 221 (100) 0:221 (0) 

Sitges-

Serra 

2017 

Spain 

Hospital del 

Mar, 

Barcelona 

2013 - 2014 
Mean 50 

± SD 15 
122:23 (84.0) NS 75:67 (51.7) 

Wang 

2017 
China 

Zhejiang 

University, 

Hangzhou 

January 2012 - 

December 

2014 

Mean 43.9 378:109 (77.6) 487 (100) 50:437 (10.2) 

Aydin 

2018 
Turkey 

Baskent 

University 

Faculty of 

Medicine, 

Ankara 

January 2012 - 

May 2018 

Mean 51.1 

± SD 13.6 
136:46 (74.7) 0 95:82 (52.2) 

Falch 

2018 
Germany 

Tuebingen 

University 

Hospital  

January 2005 - 

December 

2013 

Median 

53 (IQR 

43–63) 

501:201 (71.4) 0 647:55 (92.2) 

Mazotas 

2018 

United 

States 

Medical 

College of 

Wisconsin, 

Milwaukee 

January 2012 - 

December 

2016 

Median 

52 (IQR: 

39-61) 

121:22 (84.6) 198 (33.5) 87:56 (60.8) 

Vasileiadis 

2018 
Greece 

Venizeleio - 

Pananeio 

General 

Hospital, 

Herakleion 

January 2002 - 

December 

2012 

Mean 51.4 

± SD 14.8 

2028:528 

(79.3) 
380 (14.9) 1708:848 (66.8) 

Fernando 

2019 
Argentina 

Instituto 

Argentino de 

Diagnóstico y 

Tratamiento, 

Buenos Aires 

January 2017 

and August 

2017 

Mean 47.3 

± SD 13.6 
126:44 (74.1) 0 87:83 (51.2) 

Manzini 

2019 
Germany 

University 

Hospital Ulm, 

Ulm 

July 2011 – 

May 2014 

Mean 51.0 

(range 6–

88) 

241:120 (66.8) 76 (21.1) 264:97 (73.1) 
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Ponce 

2019 
Mexico 

Instituto 

Nacional de 

Ciencias 

Médicas y 

Nutrición 

Salvador 

Zubiran 

January 2000 - 

December 

2016 

Mean 

46.8 ± SD 

15.9 

844:112 (88.3) 459 (48.0) 314:642 (67.2) 

Xue 

2019 
China 

Hospital of 

Zhejiang 

University 

School of 

Medical, 

Hangzhou 

June 2014 - 

January 2016 

Median 

45 (range 

18-70) 

75:18 (80.6) 93 (100) 0:93 (0) 

Dedhia 

2020 

United 

States 

University 

Wexner 

Medical 

Center, 

Columbus, 

Ohio 

November 

2000 - July 

2018 

NS NS 0 0:811 (0) 

Hou 

2020 
China 

The Second 

Affiliated 

Hospital of 

Nanjing 

Medical 

University 

January 2015 

–  

June 2018 

NS 154:43 (78.2) 197 (100) 0:197 (0) 

Liu 

2020 
China 

China-Japan 

Union 

Hospital of 

Jilin 

University 

July 2016 - 

December 

2016 

Median 

42 (range 

20-82) 

651:189 (77.5) 840 (100) 0:840 (0) 

Mehta 

2020 
India 

Kovai Medical 

Center and 

Hospital,  

Coimbatore 

January 2011 

–  

April 2019 

Mean 47.3 

(range 

14–78) 

201:64 (75.8) 56 (21.1) 157:108 (59.2) 

Mo 

2020 
China 

Cancer 

Hospital of 

University of 

Chinese 

Academy of 

Sciences 

January 2016 

–  

June 2018 

Median 

46.0 

(range 17-

73) 

137:39 (77.8) 176 (100) 0:176 (0) 

Peker 

2020 
Turkey 

Izmir Katip 

Celebi 

University, 

Izmir 

April 2009 –  

March 2010 

Mean 49.4 

(range 

21–71) 

42:15 (73.7) 0 55:2 (96.5) 

Villarroya 

2020 
Spain 

Hospital del 

Mar, 

Barcelona 

2000 - 2017 Mean 53.2 697:114 (85.9) 0 811:0 (100) 

Zheng 

2020 
China 

Capital 

Medical 

University, 

Beijing 

February 2008 

- December 

2018 

Mean 51 

± SD 13 
388:158 (71.1) 316 (57.9) 206:340 (37.8) 
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Celik 

2021 
Turkey 

Ankara 

University 

School of 

Medicine 

March 2014 - 

September 

2017 

Mean 50.1 

± SD 13.6 

(range 20-

78) 

119:25 (82.6) 22 (15.3) 65:79 (45.1) 

Karunakar

an 

2021 

India 

Madras 

Medical 

College, 

Chennai, 

Tamilnadu 

July 2017 - 

December 

2019 

Mean 34 

± SD 15 
263:65 (80.2) 0 319:9 (97.3) 

Kim 

2021 

South 

Korea 

Busan Paik 

Hospital, 

Busan 

November 

2013 - 

December 

2018 

NS 433:109 (79.9) 542 (100) 0:542 (0) 

Kim Wook 

2021 

Republic 

of Korea 

Kyungpook 

National 

University, 

Daegu 

April 2017 - 

September 

2017 

NS 141:59 (70.5) 200 (100) 12:188 (6) 

Privitera 

2021 
Italy 

Azienda 

Ospedaliera 

Universitaria 

Policlinico 

San Marco, 

Catania 

January 2016 

and December 

2019 

Mean 51.3 

(range 

19–75) 

146:43 (87.3) 79 (41.7) 0:193 (0) 

Qiu 

2021 
China 

Sichuan 

University 

West China 

Hospital, 

Sichuan 

Province, 

Chengdu  

January 2013 

–  

June 2018 

Mean 

41.5 ± SD 

11.5 

1258:491 

(71.9) 
1749 (100) 0:1749 (0) 

Slycke 

2021 
Belgium 

Onze-Lieve-

Vrouw (OLV) 

Hospital Aalst 

January 2010 

–  

March 2019 

NS 828:215 (79.4) 0 1043:0 100) 

Yao 

2021 
China 

Fujian 

Medical 

University 

Cancer 

Hospital, 

Fuzhou, Fujian 

January 2019 

–  

December 

2019 

Mean 46.3 

± SD 11.2 
130:53 (71.0) 183 (100) 0:183 (0) 

Zhou 

2021 
China 

Shanghai 

Jiaotong 

University 

School of 

Medicine 

January 2015 - 

December 

2018 

Mean 47.3 

± SD 12.7 
402:135 (74.9) 400 (74.5) 42:495 (7.8) 

Abdelrahi

m 

2022 

Egypt 

Ain Shams 

University, 

Cairo 

April 2018 and 

April 2021 
NS 72:18 (80.0) 0 83:7 (7.8) 

Arshad 

2022 
UK 

University of 

Sheffield, 

Sheffield 

2009 - 2018 

Median 

45.2 years 

(IQR 32–

58) 

NS  NS NS 

Avgeri 

2022 
Greece 

National & 

Kapodistrian 

March 2016 to 

May 2018 

Mean 50.1 

± SD 14.2 
88:28 (75.9) NS 76:40 (65.5) 
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University of 

Athens, 

Athens 

Canu 

2022 
Italy 

University of 

Cagliari, 

Monserrato 

March 2018 - 

January 2020 

Mean 54 

± SD 15 
309:117 (72.5) 28 (6.6) 236:190 (55.4) 

Li 

2022 
China 

West China 

Hospital, 

Sichuan 

University, 

Chengdu, 

Sichuan 

April 2019 –  

January 2020 

Median 

41 (range 

19 - 78) 

158:45 (77.8) 203 (100) 0:203 (0) 

Moreno 

2022 
Spain 

L’Hospitalet 

de Llobregat, 

Barcelona 

October 2018 -  

February 2022 

Mean 51.3 

± SD 13.8 
83:37 (69.2) 69 (57.5) 28:92 (23.3) 

Riordan 

2022 
Ireland 

South 

Infirmary 

Victoria 

University 

Hospital, Cork  

September 

2009 - 

February 2020 

Mean 50.4 487:83 (85.4) 71 (12.5) 417:153 (73.2) 

Yin C 

2022 
China 

First Affiliated 

Hospital of 

Yangtze 

University, 

Jingzhou  

January 2019 - 

January 2021 
NS 122:27 (81.9) 129 (86.6) 0:149 (0) 

Yin S 

2022 
China 

Chongqing 

General 

Hospital, 

Chongqing 

May 2021 –  

January 2022 
NS 144:36 (80) 180 (100) 0:180 (0) 

Data are expressed as numbers with percentage () or as mean with standard deviation (SD) ± or range (), or median 

with interquartile range (IQR) () 

NS= not specified 
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Supplementary File 3: Forest plot of the incidence of symptomatic hypocalcemia 
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Supplementary File 5: Forest plot of the proportion of patients using supplementation at 

discharge 
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Supplementary File 6: Funnel plot of long-term hypoparathyroidism 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
 



Management of Post-Thyroidectomy Hypoparathyroidism 

 

239 

11 

Supplementary File 7A: Meta-regression of time to start weaning off supplementation 

 

 
 

 

Supplementary File 7B: Meta-regression of early biochemical hypoparathyroidism 
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Supplementary File 7C: Meta-regression of publication year 
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Summary in English 
This thesis consists of two parts. Part I of this thesis aims to explore possibilities to reduce 

the disease burden of patients with thyroid nodules and cancer. Part II aims to gain 

insight in the most common complication after thyroidectomy; hypoparathyroidism. By 

investigating de-escalating strategies in patients with thyroid nodules and cancer, and 

expanding the knowledge of post-thyroidectomy hypoparathyroidism, one could refine 

treatment and follow-up considerations.  

 

Part I: Thyroid Nodules and Cancer 

Multidisciplinary care 

To provide optimal care for patients with thyroid nodules and cancer, current guidelines 

advocate for utilizing a multidisciplinary approach and structured care pathways. In 

January 2016, a collaboration called the Thyroid Network was established among ten 

hospitals to achieve consistent regional care for patients with thyroid nodules and cancer. 

In chapter 2 of this thesis, we conducted a qualitative evaluation of the Thyroid Network 

and performed a quantitative analysis of second opinions for patients with thyroid nodules 

and cancer in the South-Western part of the Netherlands. Our findings demonstrate that 

the inter-hospital collaboration and the establishment of the regional multidisciplinary 

tumor board have led to a significant reduction in second opinions from Thyroid Network 

hospitals to the academic hospital, while preserving referrals for tertiary care. 

Furthermore, the academic hospital was involved in 20% more patient cases after the 

establishment of the Thyroid Network than before. The qualitative evaluation showed that 

both the standardized care pathway and the regional multidisciplinary tumor board were 

highly valued. Chapter 3A of this thesis offers insights into the role of regional 

collaboration and changes over time for thyroid cancer care in the Southwestern region 

of the Netherlands. In this cohort study, we showed that the formation of the Thyroid 

Network went hand in hand with a trend towards de-escalation of treatments, and 

centralization of complex patients and interventions. In Chapter 3B, we highlight the 

need for standardized outcome measures in thyroid cancer care to address disparities and 

promote equitable access to high-quality care.  

 

Symptomatic benign thyroid nodules 

Treatment strategies for patients with symptomatic, benign thyroid nodules should aim to 

be as minimally invasive as possible while achieving adequate symptom treatment. In 

Chapter 4, we present the results of using radiofrequency ablation as a treatment option 

in 67 patients with symptomatic, benign thyroid nodules and assess its impact on their 

health-related and thyroid-related quality of life. Our findings show that radiofrequency 

ablation is an effective treatment option in patients with symptomatic, benign thyroid 

nodules, resulting in a thyroid nodule volume reduction of up to 70% after one year and 

80% after two years. Patients showed significant improvements in physical well-being 

and overall thyroid-related quality of life after undergoing radiofrequency ablation 

treatment. The overall complication rate was 9.0%, with 3 (4.5%) minor events such as 
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hematoma and vocal changes that resolved spontaneously. The other 3 (4.5%) were 

considered major adverse events; one superior laryngeal nerve injury requiring speech 

therapy and two nodule ruptures. This study shows that radiofrequency ablation is an 

effective treatment option for patients with symptomatic, benign thyroid nodules. 

However, the study also shows that radiofrequency ablation does not come without risks 

of serious complications, emphasizing the importance of weighing patients' complaints 

against the risks of the intervention. In Chapter 5, we discussed the indications for the 

use of radiofrequency ablation in patients with benign thyroid nodules. If the symptoms 

are not caused by the thyroid nodule, it is possible that radiofrequency will not result in 

improvements of the condition, and could potentially make it worse. 

 

Papillary thyroid microcarcinoma 

Worldwide, different strategies are suggested to reduce the overdiagnosis and 

overtreatment of patients with low-risk papillary thyroid microcarcinoma. In chapter 6, 

we described the possibility of the use of active surveillance in a population where 

restrictive diagnostic work-up strategies are implemented. In this retrospective 

nationwide cohort study, we found that 15% of all thyroid cancers diagnosed in the 

Netherlands from 2005 to 2015 were papillary thyroid microcarcinomas and that only 3% 

of all Dutch patients with thyroid cancer are eligible for active surveillance. In all patients 

eligible for active surveillance, 14% of patients showed lymph node metastases in the 

postoperative pathological examination or in follow-up. We conclude that in countries 

with restrictive diagnostic guidelines, active surveillance has limited additive value in 

preventing overtreatment of mPTC. It may be offered on an individual basis when 

encountered. In chapter 7, we describe a meta-analysis wherein we assessed the role of 

another de-escalating treatment strategy for low-risk mPTCs: radiofrequency ablation. 

This meta-analysis included fifteen retrospective studies comprising 1770 patients with 

1822 ablated tumors, and we showed a pooled complete disappearance rate of 80% three 

years after ablation. The overall tumor progression rate was low (1.5%) and major 

complications occurred in three patients (0.2%). We therefore conclude that 

radiofrequency ablation is a safe and efficient method to treat selected low-risk papillary 

microcarcinomas. It could be envisioned as a step-up treatment after local tumor growth 

under active surveillance or initial treatment in patients with anxiety about active 

surveillance and wishing to avoid surgery.  

Partly due to the selection of patients with biologically more aggressive disease in 

countries with restrictive diagnostic workup strategies, surgery will likely remain 

important in the treatment of patients with mPTC. In chapter 8, we evaluated the 

opportunity to deescalate follow-up after a hemithyroidectomy in a nationwide study 

comprising 1636 Dutch patients with an mPTC diagnosed between 2000 and 2020. We 

found that recurrent disease after hemithyroidectomy in low-risk patients was rare (<2%) 

and that recurrent disease was found within 2 years in 90% of cases. As a result of the 

low rate of recurrent disease, the additional value of follow-up for patients with unifocal 

mPTC seems to be low and has to be weighed against the chance of patient anxiousness 

as a result of false-positive thyroid nodules on ultra-sonographic findings during follow-
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up. Early detection of recurrent disease in patients with mPTC after surgery has never 

been shown to positively affect prognosis or quality of life. Therefore, these patients can 

be discharged to the care of their general practitioner for thyroid function evaluation, as 

no further follow-up for cancer care is required. We did notice high rates of recurrent 

disease (25%) in patients with vascular invasion in the pathological examination. These 

patients could benefit from more extensive follow-up and possibly more extensive 

treatment than a hemithyroidectomy alone. 

 

Part II: Hypoparathyroidism 

The incidence of long-term hypoparathyroidism varies widely in medical literature (1-

15%). In chapter 9, we conducted a retrospective cohort study, which showed that the 

definition used to define long-term hypoparathyroidism has a major influence on its 

incidence. When applying a new pragmatic definition of long-term hypoparathyroidism, 

which is the use of an active vitamin D analogue with or without calcium supplementation 

with an attempt to actively wean off supplementation, we saw that long-term 

hypoparathyroidism occurred in 8% of patients. This percentage was higher when using 

other commonly used definitions, such as the use of vitamin D with or without calcium 

(12%) and the use of calcium with or without vitamin D supplementation (22%). We also 

noticed a 16% discrepancy in incidence of long-term hypoparathyroidism between the 

group with and without any attempt to wean off supplementation. The aspect of tapering 

off medication is critical to determine the true incidence of long-term hypoparathyroidism 

after thyroid surgery.  

Long-term hypoparathyroidism can accurately be predicted by a 70% decrease in 

parathyroid hormone levels one day postoperative. In chapter 10, we validated these 

findings in a cohort of 366 patients, as not one patient with a 24-hour PTH decrease of 

less than 70% developed long-term hypoparathyroidism. To further refine the prediction 

of long-term hypoparathyroidism in patients with a 24-hour PTH decrease of more than 

70%, we developed a prognostic model to predict the occurrence of long-term 

hypoparathyroidism after total thyroidectomy in chapter 10. The model showed excellent 

performance measures and could be used to perform an individual assessment of patients 

at risk for long-term hypoparathyroidism. 

In chapter 12, we evaluated clinical outcomes of two different supplementation protocols 

in two academic centers in the Netherlands. One protocol only provided calcium and/or 

active vitamin D supplements in case of biochemical hypocalcemia, and one protocol 

provided calcium and/or active vitamin D supplements in every patient undergoing total 

thyroidectomy. We did not find any differences in the prevalence of symptomatic 

hypocalcemia, calcium-related readmissions and long-term hypoparathyroidism between 

the two cohorts. The cohort of patients who all received supplementation had a lower 

mean admission time, emphasizing the idea that routine calcium administration carries 

several advantages, such as the facilitating early discharge. However, at least 30% of all 

patients undergoing total thyroidectomy were exposed to unnecessary calcium 

supplementation. Besides prophylactic supplementation in every patient after 
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thyroidectomy or supplementation based on biochemical lab values, a symptom-based 

supplementation strategy has recently been introduced in medical literature. In chapter 

11, we conducted a meta-analysis that included 66 studies with 67 different 

supplementation protocols, comprising 51096 patients. In this study, we described the 

role of different calcium and vitamin D treatment protocols on major complication related 

to hypocalcemia and long-term parathyroid function in patients who underwent total 

thyroidectomy. In 8 protocols (3806 patients), routine calcium and/or active vitamin D 

medication was given to all patients directly after thyroidectomy. In 49 protocols (44012 

patients), calcium and/or active vitamin D medication was only given to patients with 

biochemically proven post-thyroidectomy hypoparathyroidism. In 10 protocols (3278 

patients), calcium and/or active vitamin D supplementation was only initiated in case of 

clinical symptoms of hypocalcemia. No patient had a major complication due to 

postoperative hypocalcemia. There was no significant difference in hospitalization time 

or the incidence of long-term hypoparathyroidism between the three supplementation 

groups. We conclude that all treatment strategies (routine vs. biochemically-based vs. 

symptom-based supplementation) for postoperative hypocalcemia prevent major 

complications of hypocalcemia and the early treatment protocol for post-thyroidectomy 

hypoparathyroidism does not appear to impact the long-term recovery of parathyroid 

function.  
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Samenvatting in het Nederlands 
Dit proefschrift bestaat uit twee delen. In Deel I onderzoeken we mogelijkheden om de 

ziektelast van patiënten met schildkliernodi en kanker te verminderen. In Deel II proberen 

we meer inzicht te krijgen in de meest voorkomende complicatie na een 

schildklierverwijdering; hypoparathyreoïdie. Door het uitvoeren van dit onderzoek kan 

de behandeling en follow-up beleid van patiënten met schildkliernodi en kanker verder 

verfijnd worden. 

 

Deel I: Schildkliernodus en kanker 

Multidisciplinaire zorg 

Huidige richtlijnen pleiten voor het gebruik van een multidisciplinaire aanpak en 

gestructureerde zorgpaden om de behandeling van schildkliernodi en kanker te 

optimaliseren. In januari 2016 werd een samenwerkingsverband genaamd het 

SchildklierNetwerk opgericht door tien ziekenhuizen in de regio Zuidwest Nederland om 

uniforme zorg voor patiënten met schildkliernodi en kanker te bewerkstelligen. In 

hoofdstuk 2 van dit proefschrift hebben we het aantal tweede meningen van patiënten 

met schildkliernodi en kanker in Zuidwest Nederland geanalyseerd en een kwalitatieve 

evaluatie van het SchildklierNetwerk uitgevoerd. Mede de oprichting van de regionale 

multidisciplinaire overleg heeft geleid tot een significante vermindering van tweede 

meningen naar het academische ziekenhuis, terwijl normale verwijzingen voor tertiaire 

zorg werden behouden. Bovendien was het academische ziekenhuis betrokken bij 20% 

meer patiënten na de samenwerking dan ervoor. De kwalitatieve evaluatie toonde aan dat 

zowel het gestandaardiseerde zorgpad als het regionale multidisciplinaire overleg zeer 

gewaardeerd werden onder de specialisten. Hoofdstuk 3A van dit proefschrift biedt 

inzichten in de rol van regionale samenwerking op veranderingen in de behandeling van 

schildklierkanker in regio Zuidwest Nederland. In deze cohortstudie toonden we aan dat 

de oprichting van het SchildklierNetwerk samenging met een trend richting de-escalatie 

van schildklierkanker behandelingen en centralisatie van complexe patiënten en 

interventies. In hoofdstuk 3B benadrukken we de noodzaak van gestandaardiseerde 

uitkomstmaten voor schildklierkanker om hoogwaardige zorg te definiëren en 

bevorderen. 

 

Symptomatische benigne schildkliernodus 

Behandelstrategieën voor patiënten met een symptomatische, benigne schildkliernodus 

moeten zo minimaal invasief mogelijk zijn en tegelijkertijd een adequate behandeling van 

symptomen zijn. In hoofdstuk 4 presenteren we de resultaten van het gebruik van 

radiofrequente ablatie bij 67 patiënten met een symptomatische, benigne schildkliernodus 

en beoordelen we de impact op de gezondheidsgerelateerde kwaliteit van leven. Onze 

bevindingen tonen aan dat radiofrequente ablatie een effectieve behandeloptie is bij 

patiënten met een symptomatische, benigne schildkliernodus, resulterend in een 

volumevermindering van de schildkliernodus tot 70% na één jaar en 80% na twee jaar. 

Patiënten ervaarden significante verbeteringen in lichamelijk welzijn en kwaliteit van 
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leven na radiofrequente ablatiebehandeling. Het totale complicatiepercentage was 9.0%, 

met 3 (4.5%) niet-ernstige complicaties zoals hematoom en stemveranderingen die 

vanzelf weer verdwenen. De overige 3 (4,5%) werden beschouwd als ernstige 

complicaties; één blijvend letsel aan de nervus laryngeus superior dat spraaktherapie 

vereiste en twee scheuringen van schildkliernodi. Hoofdstuk 4 toont aan dat 

radiofrequente ablatie van een benigne schildkliernodus effectief is in bij patiënten met 

een symptomatisch benigne schildkliernodus, maar dat er complicatierisico’s zijn. 

Daarom is het van belang om de klachten van patiënten goed tegen de risico's van de 

ingreep af te wegen. In hoofdstuk 5 bespreken we de indicaties voor het gebruik van 

radiofrequente ablatie bij patiënten met een benigne schildkliernodus. Als de symptomen 

niet worden veroorzaakt door de schildkliernodus, is het mogelijk dat radiofrequente 

ablatie niet leidt tot verbetering van de aandoening en deze mogelijk zelfs verergert. 

 

Papillair microcarcinoom van de schildklier 

Wereldwijd worden verschillende strategieën voorgesteld om overdiagnose en 

overbehandeling van patiënten met een laagrisico papillair microcarcinoom van de 

schildklier tegen te gaan. In hoofdstuk 6 beschrijven we de mogelijkheid van actieve 

surveillance in een populatie waarin restrictieve diagnostische strategieën worden 

toegepast. In deze retrospectieve, landelijke, cohortstudie vonden we dat 15% van alle 

schildklierkankers die in Nederland werd gediagnosticeerd van 2005 tot 2015 een 

papillair microcarcinoom was, en dat slechts 3% van alle Nederlandse patiënten met 

schildklierkanker in aanmerking komt voor actieve surveillance. Van alle patiënten die in 

aanmerking kwamen voor actieve surveillance had 14% van de patiënten 

lymfekliermetastasen bij het postoperatieve pathologische onderzoek of tijdens de follow-

up. Daarop concluderen we dat in landen met restrictieve diagnostische richtlijnen actieve 

surveillance beperkte toegevoegde waarde heeft bij het voorkomen van overbehandeling 

van het papillair microcarcinoom van de schildklier. Actieve surveillance kan wel op 

individuele basis worden aangeboden wanneer het zich voordoet. In hoofdstuk 7 

beschrijven we een meta-analyse waarin we de rol van een andere de-escalerende 

behandelstrategie voor laagrisico papillaire microcarcinomen evalueren: radiofrequente 

ablatie. Deze meta-analyse omvatte vijftien retrospectieve studies met 1770 patiënten en 

1822 tumoren, en we zagen dat 80% van alle tumoren volledig was verdwenen drie jaar 

na ablatie. Het percentage van tumoren dat terug groeide was laag (1.5%) en in drie 

patiënten (0.2%) werden ernstige complicaties vermeld. We concluderen daarom dat 

radiofrequente ablatie een veilige en efficiënte methode is om geselecteerde laagrisico 

papillaire microcarcinomen te behandelen. Het kan in de toekomst mogelijk worden 

toegepast als een behandeling na lokale tumorgroei tijdens actieve surveillance of als 

initiële behandeling bij patiënten met angst voor actieve surveillance die een operatie 

willen vermijden. 

Ondanks de de-escalerende trend in de behandeling van het papillair microcarcinoom van 

de schildklier, zal chirurgie in veel landen nog de primaire behandeling van de ziekte 

blijven. In hoofdstuk 8 hebben we gekeken of de follow-up na een hemithyreoïdectomie 
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voor een papillair microcarcinoom verminderd kan worden. In deze landelijke studie met 

1636 Nederlandse patiënten was een recidief na een hemithyreoïdectomie bij 

laagrisicopatiënten zeldzaam (<2%) en een recidief werd in 90% van de gevallen binnen 

2 jaar gevonden. Vanwege het lage percentage terugkeer van ziekte lijkt de toegevoegde 

waarde van follow-up voor patiënten met laagrisico papillair microcarcinoom van de 

schildklier laag te zijn. De toegevoegde waarde van follow-up moet worden afgewogen 

tegen de kans op angst bij patiënten als gevolg van fout-positieve schildkliernodi op 

echografische bevindingen tijdens follow-up. Of vroegtijdige detectie van een recidief bij 

patiënten met papillair microcarcinoom van de schildklier een positief effect heeft op de 

prognose of de kwaliteit van leven is nooit aangetoond. Daarom kunnen deze patiënten 

veilig worden overgedragen aan de zorg van hun huisarts voor evaluatie van de 

schildklierfunctie, aangezien er geen verdere follow-up van het microcarcinoom nodig is. 

We zagen wel hoge percentages van een recidief (25%) bij patiënten met vasculaire 

invasie in het pathologisch onderzoek, wat wijst op de noodzaak van intensievere follow-

up voor deze populatie. 

 

Deel II: Hypoparathyreoïdie  

De incidentie van langdurige hypoparathyreoïdie varieert sterk in de medische literatuur 

(1-15%). In hoofdstuk 9 voerden we een retrospectieve cohortstudie uit, waaruit bleek 

dat de definitie die wordt gebruikt om langdurige hypoparathyreoïdie te definiëren een 

grote invloed heeft op de incidentie ervan. Bij het toepassen van een nieuwe pragmatische 

definitie van langdurige hypoparathyreoïdie, namelijk het gebruik van een actieve 

vitamine D-analoog met of zonder calciumsuppletie en een poging om de suppletie actief 

af te bouwen, zagen we dat langdurige hypoparathyreoïdie optrad bij 8% van de patiënten. 

Dit percentage was hoger bij gebruik van andere veelgebruikte definities, zoals het 

gebruik van vitamine D met of zonder calcium (12%) en het gebruik van calcium met of 

zonder vitamine D-suppletie (22%). We merkten ook een verschil van 16% op in de 

incidentie van langdurige hypoparathyreoïdie tussen de groep met en zonder enige poging 

om de suppletie af te bouwen. Het aspect van het afbouwen van medicatie is van cruciaal 

belang om de werkelijke incidentie van langdurige hypoparathyreoïdie na een 

schildklieroperatie te bepalen.  

Langdurige hypoparathyreoïdie kan worden voorspeld door een daling van 70% van de 

bijschildklierhormoonspiegels één dag na de operatie. In hoofdstuk 10 valideerden we 

deze bevindingen in een cohort van 366 patiënten. Om de predictie van langdurige 

hypoparathyreoïdie bij patiënten met een 24-uurs bijschildklierhormoon-afname van 

meer dan 70% verder te verfijnen, hebben we in hoofdstuk 10 een prognostisch model 

ontwikkeld. Het model presteert uitstekend en kan worden gebruikt om een individuele 

beoordeling uit te voeren van patiënten die risico lopen op langdurige hypoparathyreoïdie. 

In hoofdstuk 12 evalueerden we de klinische uitkomsten van twee verschillende 

suppletieprotocollen in twee academische centra in Nederland. In één protocol werd 

alleen calcium- en/of actieve vitamine D-supplementen gegeven in geval van een 

biochemische hypocalciëmie, en in één protocol werd calcium- en/of actieve vitamine D-
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supplementen gegeven bij elke patiënt die een totale thyreoïdectomie onderging. We 

vonden geen verschillen in de prevalentie van symptomatische hypocalciëmie, calcium-

gerelateerde heropnames en langdurige hypoparathyreoïdie tussen de twee cohorten. Het 

cohort van patiënten die allemaal suppletie kregen had een lagere gemiddelde 

opnameduur. Deze bevinding steunt het idee dat routinematige calciumtoediening 

vroegtijdig ontslag faciliteert. Echter, minstens 30% van alle patiënten die een totale 

thyreoïdectomie ondergingen werden blootgesteld aan onnodige calciumsuppletie. Naast 

de twee bovengenoemde suppletiestrategieën is recent ook een suppletiestrategie op basis 

van hypocalciëmie-gerelateerde symptomen geïntroduceerd in medische literatuur. 

In hoofdstuk 11 voerden we een meta-analyse uit van 66 studies met 67 verschillende 

suppletieprotocollen en 51096 patiënten. In deze studie beschreven we de rol van 

verschillende calcium- en vitamine D-suppletieprotocollen op ernstige complicaties 

gerelateerd aan hypocalciëmie en langdurige bijschildklierfunctie bij patiënten die een 

totale thyreoïdectomie ondergingen. In 8 protocollen (3806 patiënten) werd routinematig 

calcium en/of actieve vitamine D-medicatie gegeven aan alle patiënten direct na 

thyreoïdectomie. In 49 protocollen (44012 patiënten) werd calcium en/of actieve vitamine 

D-medicatie alleen gegeven aan patiënten met biochemisch bewezen hypoparathyreoïdie 

na thyreoïdectomie. In 10 protocollen (3278 patiënten) werd suppletie met calcium en/of 

actieve vitamine D alleen gestart bij klinische symptomen van hypocalciëmie. Geen 

enkele patiënt had een ernstige complicatie als gevolg van postoperatieve hypocalciëmie. 

Er was geen significant verschil in hospitalisatietijd of de incidentie van langdurige 

hypoparathyreoïdie tussen de drie suppletiegroepen. We concluderen dat alle 

behandelstrategieën (routine versus biochemisch versus symptoom-gebaseerde suppletie) 

voor postoperatieve hypocalciëmie ernstige complicaties van hypocalciëmie voorkomen 

en dat het vroege behandelprotocol voor hypoparathyreoïdie na thyreoïdectomie geen 

invloed lijkt te hebben op de lange termijn functie van de bijschildklieren. 
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General discussion and future perspectives 

Part I: Thyroid Nodules and Cancer 
Symptomatic benign thyroid nodules 

Traditionally, the Netherlands has followed a conservative approach when it comes to 

diagnosing patients with thyroid nodules. Diagnostic procedures are mainly reserved for 

patients who have palpable or symptomatic thyroid nodules, rather than those incidentally 

discovered. Still, the vast majority of palpable thyroid nodules in the Netherlands are 

benign and do not require any medical treatment, unless they cause symptoms by 

mechanical compression 1. Considering the benign nature of symptomatic benign thyroid 

nodules (SBTN), various minimally invasive approaches have been investigated and 

evaluated as appropriate treatments. Most studies have focused on outcomes such as 

volume reduction, symptoms, and complications. In chapter 5 we present the outcomes 

of our study evaluating radiofrequency ablation for patients with SBTN and assessed their 

health-related quality of life (HRQoL). Our findings demonstrate that radiofrequency 

ablation is a highly effective treatment option, resulting in volume reductions of up to 

70% after one year and 80% after two years, aligning with existing literature 2, 3. 

Additionally, patients experienced significant improvements in physical well-being and 

overall thyroid-related QoL following radiofrequency ablation, leading to a reduction in 

goiter and cosmetic complaints. Notably, the overall complication rate was 9.0%, which 

is higher than reported percentages from previous cohort studies 4. This emphasizes the 

importance of carefully considering patient complaints in relation to the drawbacks of the 

intervention. 

Given the predominantly positive outcomes of radiofrequency ablation in the treatment 

of SBTN, the 2020 European Thyroid Association Guideline on Image-Guided Ablation 

in Benign Thyroid Nodules recommends radiofrequency ablation as an alternative 

treatment strategy to surgery for selected patients with a SBTN 5. However, most 

recommendations in this guideline are based on low-quality studies, usually case-series, 

which have a high risk of bias and low certainty 6. Only one randomized controlled trial 

comparing thyroidectomy with thermal ablation for patients with SBTNs has been 

conducted, which showed an improved HRQoL in patients undergoing thermal ablation 
7. More randomized controlled trials and well-designed cohort studies that compare 

surgery with radiofrequency ablation or other minimally invasive techniques (e.g. laser 

ablation, microwave ablation) for SBTNs should be conducted to assess differences in 

complications, HRQoL, and cost-effectiveness. This way, a more robust body of evidence 

with high-quality data could be formed and stronger future recommendations could be 

made. Furthermore, long-term data on patients with SBTNs who experience nodule re-

growth and subsequently require re-treatment after initial radiofrequency ablation are 

scarce. One study described that re-growth of nodules treated with radiofrequency 

ablation can occur in up to 24% of cases after 5 years of follow-up 8. To improve clinical 

decision-making, future studies could investigate predictive factors for nodule regrowth 

after radiofrequency ablation. This could help identify patients who would not benefit 
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from radiofrequency ablation in the first place. Lastly, future studies are encouraged to 

assess the possibility of expanding the indication of radiofrequency ablation to other 

thyroid disorders, including autonomous thyroid nodules, small papillary thyroid 

carcinomas (PTC), and loco-regionally recurrent PTC. An ongoing randomized 

controlled trial is currently comparing radiofrequency ablation with radioactive iodine 

treatment for the management of solitary autonomous thyroid nodules (NCT05142904). 

 

Papillary thyroid microcarcinoma 

Patients with papillary thyroid microcarcinoma (mPTC) have an excellent prognosis and 

worldwide efforts are made to reduce overtreatment of mPTC. In the Netherlands, the 

main strategy to counter overtreatment is to reduce the number of patients diagnosed with 

mPTC by applying restrictive diagnostic work-up in patients with incidentally found 

thyroid nodules and thyroid nodules smaller than 1 centimeter. In contrary, Asian 

guidelines primarily focus on reducing overtreatment by advising de-escalating treatment 

strategies such as active surveillance and thermal ablation methods, instead of limiting 

overdiagnosis of mPTC 9, 10. The understanding of de-escalating treatment strategies for 

patients with mPTC has therefore, so far, mostly relied on the findings in large 

observational studies from Asia. As an illustration, the first large observational cohort 

studies evaluating an active surveillance strategy for patients with mPTC were described 

in Japan 11, 12. Based on the primarily positive outcomes observed in these studies and 

others, active surveillance is currently being adopted globally as a management approach 

for patients diagnosed with mPTC 13. However, the added value of active surveillance in 

reducing overtreatment of patients with mPTC in countries with restrictive diagnostic 

work-up strategies was yet to be determined. In chapter 6, we demonstrated that the 

incidence of mPTC was low in the Netherlands, where a restrictive diagnostic work-up 

protocol has been applied since 2007. Between 2005-2015, 3% of all thyroid cancers were 

identified as low-risk mPTC and eligible for active surveillance in The Netherlands (200 

cases), whereas this percentage was 25% in the US during the same period (120.000 

cases) 14. In addition, we noticed that the Dutch patient population had a higher incidence 

of lymph node metastases (13%) when compared with other studies that investigated 

active surveillance. Ito et al. 15 showed a lymph node metastases rate of 4% after 10 years 

of follow-up and Tuttle et al. 16 showed no lymph node metastases, with a relatively short 

median follow-up of 25 months. The differences in mPTC incidence and the occurrence 

of lymph node metastases underline the fact that different diagnostic protocols will result 

in different populations by selection. In other words, if a more restrictive diagnostic 

protocol is being used, less mPTC incidentalomas with indolent behavior are found. This 

will lead to fewer patients eligible for de-escalating treatment strategies, and when 

eligible, they may tend to have relatively more lymph node metastases, possibly 

representing a more aggressive biological population. There seems to be limited additive 

value of widely implementing active surveillance to substantially prevent overtreatment 

of mPTC in countries with restrictive diagnostic guidelines. However, we do see that, 

even in the Netherlands with its restrictive diagnostic approach, the incidence of mPTC 
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is rising (chapter 6). Active surveillance could therefore be important in individual 

patients diagnosed with a low-risk mPTC. Previous work has focused on providing 

clinical frameworks including tumor, patient and medical team characteristics to select 

the most eligible patients for active surveillance 17, 18. However, additional research 

determining disease aggression is needed. Besides clinical and demographic 

characteristics such as age and tumor location 17, radiological features and molecular 

profiling could be promising for predicting disease progression during active surveillance 
19, 20. In addition, certain studies highlight the possibility of increasing the size limit of 

PTCs eligible for active surveillance up to 20 mm due to minimal differences in 

progression free survival between T1a and T1b PTC 21-23. This would broaden the 

potential candidacy for active surveillance considerably. Furthermore, the incorporation 

of active surveillance as part of national guidelines for the management of mPTC could 

increase clinician awareness of the possibility to de-escalate treatment and follow-up. 

In addition to active surveillance, thermal ablation techniques, including radiofrequency 

ablation, are emerging in Asia as alternative treatment options for patients with mPTC. In 

Chapter 7 of this thesis, we demonstrated that radiofrequency ablation seems to be a safe 

and efficient method in treating mPTC. In this meta-analysis that comprised 15 studies 

and 1770 patients, the complete disappearance rate three years after radiofrequency 

ablation was 80% and a small number of major complications occurred (<1%). These 

results imply that radiofrequency ablation may be considered as a minimally invasive 

approach for patients with mPTC who show tumor growth under active surveillance or 

for patients experiencing anxiety related to active surveillance or surgery. Prospective 

randomized studies comparing thermal ablation techniques with surgery that assess 

HRQoL, disease progression and cost-effectiveness are currently conducted to confirm 

the positive results observed in retrospective observational studies (NCT03808779, 

NCT03377829). In addition, it should be noted that all 15 studies included in chapter 7 

were conducted in Asian countries. There are knowledge gaps regarding the feasibility, 

effectiveness and safety of radiofrequency ablation for mPTC outside the Asian context. 

Therefore, further research is necessary to assess the suitability and applicability of 

radiofrequency ablation in patient populations with restrictive diagnostic workup 

strategies such as the Netherlands. Given the limited number of patients diagnosed with 

low-risk mPTC in countries following restrictive diagnostic work-up strategies, large 

(inter)national registry studies and collaborations will assume a crucial role in future 

research endeavors. These registries not only provide crucial insights into the burden of 

mPTC but also enable longitudinal follow-up, allowing for a comprehensive 

understanding of treatment outcomes, survival rates and late complications over time.  

It should be noted that oncological outcomes are likely to become less of a focus in such 

future trials due to the favorable prognosis of mPTC, which does not seem to be 

significantly influenced by the chosen treatment strategy 21, 24. With the increasing 

availability of various treatment options for mPTC, there is growing emphasis on 

balancing the risks and benefits of these different treatment approaches in terms of their 

impact on patients' HRQoL. Patient-reported outcomes (PROs) could be used to assess 
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the impact of different treatments on the HRQoL and can capture the subjective 

experiences of mPTC patients, including their physical, emotional, and social functioning, 

as well as symptoms related to their disease and treatment 25. By incorporating PROs into 

both trials and routine clinical practice, healthcare providers can better understand the 

impact of different treatment options on the HRQoL of mPTC patients and tailor treatment 

approaches to individual patients' needs and preferences. Several studies show that 

patients undergoing active surveillance or radiofrequency ablation experience better 

HRQoL than patients undergoing immediate surgery with comparable oncological 

outcomes 26-28. A recent non-randomized trial comparing active surveillance with surgery 

for patients with PTC < 20 mm showed that patients opting for active surveillance had 

lower baseline anxiety scores, which trended lower over time 21. In contrary, patients 

opting for immediate surgery experienced high levels of anxiety at baseline which 

retained high over time. This suggests an inherent predisposition worry, and underscores 

the need for shared decision-making in patients with mPTC 29. A shared decision making 

process reflecting patients’ preferences, goals and values facilitates the use of de-

escalating treatment strategies and should be an integral part of the care for patients with 

mPTC 24, 30. In addition, certain personality traits such as anxiety and conscientiousness 

are known to influence patient treatment preferences and impact HRQOL in patients with 

other cancers 31-33. Investigating these predictive factors for an optimized HRQoL after 

treatment, including personality traits, could aid in assisting the clinicians to provide 

optimal shared decision making.  

Despite the global trend towards less aggressive treatment approaches for mPTC, it is 

expected that surgery will continue to hold significance over time. Post-surgical follow-

up for low-risk papillary thyroid cancer typically consists of annual check-ups for at least 

five years. Nevertheless, evidence indicates that recurrent disease is rare in patients with 

low-risk papillary thyroid cancer who undergo surgery 34, 35. This raises the question 

whether the follow-up for patients with low-risk mPTC treated with hemithyroidectomy 

can be reduced or potentially omitted. In chapter 8, we evaluated the opportunity to de-

escalate follow-up after surgery in 1636 patients with mPTC. We found that recurrent 

disease after hemithyroidectomy in low-risk patients was rare (<2%) and that recurrent 

disease was found within 2 years in 90% of cases. This implies that the additional value 

of follow-up for patients with unifocal mPTC seems to be low and has to be weighed 

against the chance of patient anxiousness as a result of false-positive thyroid nodules on 

ultra-sonographic findings during follow-up. In patients with other cancers, limiting 

postoperative follow-up does not seem to reduce HRQoL and patient satisfaction 36. Early 

detection of recurrent disease in patients with mPTC after surgery has also never been 

shown to positively affect prognosis or HRQoL. Therefore, these patients can be 

discharged to the care of their general practitioner for thyroid function evaluation, as no 

further follow-up for cancer care is required 37. It is, however, imperative to consider the 

patients' values in the postoperative management of mPTC, and to ensure that a neck 

ultrasound can be readily conducted, if strongly desired by the patient. 
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Quality of thyroid cancer care 

The standard of care for patients with thyroid cancer involves utilizing a multidisciplinary 

approach and structured care pathways 13, 38. This ensures that different healthcare 

professionals work together efficiently, providing comprehensive and coordinated care to 

patients. In order to establish standardized regional care for patients with thyroid nodules 

and cancer in the Southwestern region of the Netherlands, a collaborative organization 

‘the Thyroid Network’ was established in January 2016. Chapter 2 of this thesis shows 

that the implementation of this regional collaborative network for patients with thyroid 

nodules and cancer went hand in hand with a reduction in second opinions and high 

satisfaction of participating specialists. In chapter 3A, we assessed trends in 

centralization patterns and clinical outcomes of thyroid cancer in the Southwestern region 

of the Netherlands between 2010 and 2021. Although there was a visible trend towards 

de-escalation of thyroid cancer treatment and centralization of complex patients and 

interventions, we did not see changes in clinical outcomes over time. Notably, assessing 

changes in quality of care for thyroid cancer has been challenging, mainly due to a 

persisting lack of clarity regarding the definition of high-quality thyroid cancer care. 

While there are evidence-based guidelines for the management of thyroid cancer and 

some indicators of high-quality thyroid cancer care proposed in the medical literature (e.g. 

high-volume surgeons, high enrollment rates in clinical trials 13, 39), there is ongoing 

debate among healthcare professionals on how to universally define and measure quality 

of thyroid cancer care. One approach to defining quality of thyroid cancer care could be 

through the use value-based healthcare, focusing on PROs based on the patient's 

perspective and experiences 40. However, the lack of standardization in outcome 

measurements meaningful to patients across diverse cultural and geographical settings 

poses a significant challenge in value-based healthcare 41. To promote a more consistent 

and comprehensive approach to assessing and defining the quality of thyroid cancer care, 

the development of a standardized set of outcome measures or quality indicators is 

essential (Chapter 3B). Meticulously determined outcome measures would facilitate 

efficient comparison of quality of care between and within health care settings, and could 

enhance shared decision making between patients and clinicians 42. Importantly, by 

including access to care as an outcome measure within the standardized set, equitable 

quality of care can be ensured for all patients, regardless of their race, ethnicity, or 

socioeconomic background 43.  

A first step towards a standardized outcome set would be to conduct a comprehensive 

systematic review and meta-analysis of existing literature to identify and evaluate 

potential outcome measures and quality indicators. Collaborative efforts among experts, 

clinicians, and patient representatives are then necessary to reach a consensus on the most 

relevant and meaningful indicators 44. Finally, ongoing monitoring and evaluation of the 

implemented set of indicators should be conducted to ensure its effectiveness and make 

necessary revisions based on emerging evidence and healthcare advancements. We 

encourage policymakers and other initiatives, such as the International Consortium for 
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Health Outcomes Measurement, to prioritize the establishment of a standard outcome 

measure set for thyroid cancer care as a crucial step towards defining quality of thyroid 

cancer care and ultimately improving patient outcomes. As part of such an outcome set, 

the inclusion and definition of the most prevalent complications with significant impact 

following thyroid cancer surgery, such as hypoparathyroidism, should be prioritized. 

 
Part II: Hypoparathyroidism 

The definition of long-term hypoparathyroidism used in studies and recommended in 

guidelines exhibits significant variations, making it challenging to accurately compare 

cohorts of patients 45. Applying a single definition for long-term hypoparathyroidism 

worldwide is essential for future research to be conducted effectively. The 

implementation of a universal definition would enable researchers to compare data across 

different regions and populations in an unbiased manner, allowing for the identification 

of common trends and patterns in long-term hypoparathyroidism prevalence, incidence, 

and clinical outcomes. One may advocate for a definition containing serum parathyroid 

hormone (PTH) levels, given the perceived objectivity of biochemical data. However, it 

is essential to consider the patient's perspective and their primary concern of whether they 

need to take medication or not. In chapter 9 of this thesis, we therefore propose a 

pragmatic and clinical definition that does not rely on serum PTH levels, but does include 

efforts to wean off supplementation within twelve months after surgery. The active 

discontinuation of calcium and active vitamin D supplementation in patients with 

hypoparathyroidism does not always occur, resulting in lifelong overtreatment 38. To 

address this issue, we recommend utilizing the new definition proposed in chapter 9, 

which provides a more accurate representation of the actual incidence of long-term 

hypoparathyroidism. This definition is in accordance with the 2021 European expert 

consensus statement on parathyroid disorders 46, which stated that it is essential to assess 

the chronicity of hypoparathyroidism by gradually tapering off supplementation. A 

consensus paper on long-term hypoparathyroidism published in 2022 further emphasized 

the importance of considering long-term hypoparathyroidism only when the condition 

endured over twelve months 47, 48. Ultimately, the precise definition utilized for long-term 

hypoparathyroidism holds little significance as long as the definition is universally 

adopted and embraced by all treating physicians. 

As a standard, widely accepted definition of both early and long-term hypoparathyroidism 

will improve the epidemiological understanding of the condition across diverse 

populations, it will also facilitate the development of standardized, evidence-based 

treatment protocols. In chapters 11 and 12 of this thesis, we emphasized the absence of 

standardized protocols in literature and that, up till now, there is no consensus on when to 

initiate calcium and/or active vitamin D supplementation in patients with early post-

thyroidectomy hypoparathyroidism. The equipoise between treating all patients with 

routine supplementation or selectively refers to the balance between providing 

prophylactic treatment to prevent postoperative hypocalcemia and avoiding unnecessary 

treatment and potential adverse effects. Chapters 11 and 12 demonstrated that all 
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treatment strategies for postoperative hypoparathyroidism (routine vs. biochemically-

based vs. symptom-based) effectively prevented major complications associated with 

hypocalcemia. Although it is clear that not every patient needs calcium supplementation 

after thyroidectomy and serum PTH can accurately predict the symptomatic 

hypocalcemia and long-term hypoparathyroidism 49, 50, there are several questions that 

remain unsolved. An ideal treatment algorithm for the management of postoperative 

hypoparathyroidism has yet to emerge as current literature lacks high-quality studies on 

readmission rates, HRQoL, hospitalization time and emergency department visits of 

different postoperative treatment strategies 51, 52. To determine the most (cost-) effective 

treatment strategy, future randomized studies including the abovementioned parameters 

are needed. However, the treatment for post-thyroidectomy hypoparathyroidism is prone 

to several varying variables including the type, timing, dosage and duration of 

supplementation, as well as the patient cohort evaluated. Consequently, various different 

post-thyroidectomy hypoparathyroidism treatment protocols have been provided in 

medical literature 53-55. By utilizing these protocols and others, one could develop a 

consensus protocol for the management of post-thyroidectomy hypoparathyroidism that 

is suitable for patients across various regions and healthcare systems. For example, a 

Delphi-like study similar to the European expert consensus statement of 2021 46 could be 

initiated with the formation of a technical working group, a panel of experts, and the 

collation of all evidence-based postoperative calcium protocols. Consensus conferences 

could then be established, ultimately leading to the development of a uniform consensus 

protocol for the treatment of post-thyroidectomy hypoparathyroidism. We expect that 

such a protocol will incorporate serum PTH to provide patient-tailored calcium 

supplementation, and thereby reducing the patient's disease burden. Chapter 10 

demonstrates that PTH levels are the most important measure for identifying patients who 

are at a high risk for developing long-term hypoparathyroidism. We performed a 

preoperative PTH measurement as well as a measurement on the first day after surgery in 

order to calculate the decrease in PTH levels. This is in line with a recent meta-analysis, 

which investigated the most optimal timing and method of measuring PTH in the 

prediction of postoperative hypoparathyroidism 56. That study demonstrated that PTH 

measurements taken within the period from the end of the operation to 24 hours post-

surgery did not exhibit any significant variances in predicting both temporary and long-

term hypoparathyroidism. In addition, both a decrease in PTH as an absolute 

postoperative PTH value predicted postoperative hypoparathyroidism with high accuracy. 

However, establishing specific threshold levels for postoperative PTH is a challenge, as 

different assays yield varying normal ranges of PTH levels. Therefore, we recommend 

utilizing the difference between preoperative and postoperative PTH values as the most 

reliable approach of predicting hypoparathyroidism. It is crucial to calculate the hospital's 

reference change value, which considers both the intra-individual biological variation of 

PTH and the analytical variation specific to the hospital’s laboratory, to determine what 

constitutes a significant change in PTH levels . Chapter 10 further presents a prognostic 

model predicting which patients are not able to wean off calcium or vitamin D 
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supplementation 12 months after thyroid surgery. The model facilitates early decision-

making for weaning off supplementation and allows for an individualized risk assessment 

of patients at risk of long-term hypoparathyroidism to manage patients’ expectations. To 

improve the models’ accuracy and reliability, future studies are encouraged to refine and 

validate the model, as the model is based on a limited number of patients, and its 

performance in populations beyond the Netherlands remains unknown.  

 

Final remark 

The aim of this thesis was to investigate options in reducing the burden of disease in 

patients with thyroid nodules and cancer. In conclusion, we found that radiofrequency 

ablation is an effective treatment option for SBTNs. Additionally, populations with strict 

diagnostic work-up protocols for thyroid nodules do not seem to benefit much from 

widely implementing de-escalating treatment strategies in order to prevent overtreatment 

of mPTC. However, considering the favorable outcomes of patients with low-risk mPTC, 

minimal invasive approaches such as active surveillance or radiofrequency ablation hold 

significant promise in terms of individual patient care. Future research endeavors should 

prioritize the advancement of personalized care for patients with low-risk mPTC, 

assessing the impact of various treatment approaches on the patients’ HRQoL. This 

necessitates large-scale registration studies that integrate PROs, enabling tailored 

treatment approaches aligned with individual preferences and needs. 

This thesis further emphasized that a multicenter network for patients with thyroid cancer 

facilitates efficient collaboration among healthcare professionals to deliver 

comprehensive and coordinated patient care. Determining whether the establishment of a 

collaborative network enhances the quality of thyroid cancer care still remains a 

challenging question to answer. The current lack of well-defined quality indicators for 

thyroid cancer care underscores the urgent need for a standardized set of outcome 

measures, serving as a crucial step towards enhancement of patient outcomes. Preferably, 

such an outcome set should include a clear, pragmatic definition of long-term 

hypoparathyroidism that incorporates the use of active vitamin D and the concept of 

weaning off supplementation. International consensus on one standard definition for long-

term hypoparathyroidism is crucial for future research to be conducted effectively, 

enabling the development and continuous refinement of uniform post-thyroidectomy 

hypoparathyroidism protocols.  
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