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  Pref ace    

 The diagnostic and therapeutic approach to endocrine diseases of the neck have 
undergone tremendous change during the past decade owing to important research 
fi ndings and technological advances. New tools and methods have been introduced 
into clinical practice that are capable of improving diagnosis and enabling selection 
of candidates for a specifi c interventional approach. At the same time, various mini-
mally invasive techniques have been developed with a view to offering optimal 
treatment in each individual case. The consequence is that endocrinologists, pathol-
ogists, and neck and endocrine surgeons now have at their disposal a large arma-
mentarium of possible techniques with which to study and treat the patient. 

 We have used minimally invasive surgical approaches in patients with endocrine 
diseases of the neck since 1997. We are now proud to present this book, which is 
based on our own longstanding experience and is supported by the expertise of lead-
ing authorities in the fi eld, who have kindly collected and discussed their results. 
The aim is to allow clinicians seeking a better grasp of the indications for and the 
technical details of the different techniques to orient themselves in this complex 
fi eld and to equip them to select diagnostic and therapeutic options appropriately, 
thereby tailoring care to meet the needs of the individual patient.  

  Rome, Italy      Celestino     Pio     Lombardi   
 Rome, Italy      Rocco     Bellantone    
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   Ultrasound Imaging        
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      Ultrasound Features of Thyroid, 
Parathyroid, Neck Lymph Nodes: 
Normal and Pathologic Pattern       

       Piero     Maceroni    

1.1             Thyroid 

1.1.1     Normal Neck Anatomy and Standard Ultrasound 
Examination 

 The normal thyroid is a “H” or “U” shaped gland placed on trachea in anterior cervi-
cal neck, formed from two elongated lateral lobe connected by median isthmus. 
Each lobe is approximately 4.0–5.0 cm in length, 1–2 cm wide and 1–2 cm in 
 thickness and is commonly asymmetric in size. Anterior to the thyroid are the strap 
muscles. Anterior and more lateral to the strap muscles is the sternocleidomastoid 
muscle which divides the neck in anterior and posterior triangles. Posterior to the 
thyroid is the longus colli muscle which is in contact with the posterior side of 
 thyroid capsule. Laterally to the borders of thyroid are the common carotid artery 
(CCA) and the internal jugular vein (IJV). Behind the centrally located trachea is 
the esophagus; ultrasound do not trespass the trachea and so the visualization of 
esophagus is not allowed but, in the inferior portions, the esophagus is commonly 
visualized posteriorly to the thyroid because of its lateral position to the trachea. In 
patients who underwent thyroidectomy the empty thyroid loggia allows the visual-
ization of esophagus on both sides of trachea. The real time observation of esopha-
geal peristalsis during swallowing permits its correct identifi cation. 

 On ultrasound examination the thyroid parenchymal echoes are fi ne, uniform 
and hyperechoic compared to adjacent muscles; the echogenic capsule is clearly 
visualized and helps to differentiate thyroid nodule from extrathyroidal lesions. 

        P.   Maceroni      
  Dipartimento di Diagnostica per Immagini ,  Istituto Chirurgico Ortopedico 
Traumatologico “Sapienza” University of Rome , 
  Via Franco Faggiana, 1668 ,  Latina   04100 ,  Italy   
 e-mail: piero.maceroni@gmail.com  
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The connective tissues in the neck are more echogenic than thyroid parenchyma and 
muscles, contrariwise, are hypoechogenic. 

 Arterial supply to thyroid gland is granted by superior and inferior thyroid 
arteries; the former is the fi rst anterior branch of external carotid artery and runs 
superfi cially on anterior border of lateral lobe, the latter arises from thyrocervical 
trunk, a branch of subclavian artery, and ascends vertically then curves medially 
to enter tracheoesophageal groove. Venous drainage of thyroid gland is consti-
tuted of three pairs of veins arising from venous plexus on surface of gland (supe-
rior and middle veins drains into internal jugular vein, inferior vein drain into 
brachiocefalic vein) 

 A standard examination requires transverse scans from upper to the lower poles 
to determine anatomical relationship and echogenicity of the gland; each image 
should include at least a part of CCA and, if possible, the IJV. Images should be 
labeled with bodymark to provide information regarding location and orientation. 
The transverse measurements are performed at the level of mid portions (the lateral 
caliper should include thyroid tissue extending beyond the CCA and the medial 
caliper should be located at the lateral side of trachea). The anteroposterior dimen-
sion should be measured preferably in the sagittal plane and the line should be at the 
right angle to the upper-lower line. In most pathologic patients, the thyroid lobes 
will longer than the length of the probe; to get an image of the entire lobe the split 
screen function, the extended fi eld of view or the trapezoidal scan should be uti-
lized. Utilizing the ellipsoid formula the volume of each lobe and of course the 
volume of entire gland should be calculated; if the thickness of the isthmus is less 
than 5 mm, its measure is irrelevant to the calculation of the total volume [ 1 ,  2 ].  

1.1.2     Diffuse Thyroid Enlargement 

     Chronic lymphocytic thyroiditis  is the most frequent form of diffuse enlargement of 
thyroid in countries with adequate iodine intake in the diet. The presence of TPO 
autoantibodies is estimated to 10 % of overall population and 25 % of women 
over 62 years; this condition predicts future thyroid dysfunction [ 3 ,  4 ]. The ultra-
sound hallmark of CLT is the  hypoechogenicity  which is linked to the presence 
of lymphocytic infi ltrate (allows a better sound transmission than intact folli-
cles). The degree of hypoechogenicity has been correlated to the risk of subse-
quent hypothyroidism. Another common feature of CLT is the  inhomogeneity  
with different pattern:

    1.      Hypoechogenic and inhomogeneous:  areas of lymphocytic infi ltration have 
few internal interfaces and are therefore extremely hypoechoic compared to 
normal thyroid parenchyma and have an echogenicity similar to strap 
muscles.   

   2.      Micronodular:  if areas of infl ammation are of small size, the reduced echo-
genicity appear more discrete with a pseudo micronodular pattern that mimic 
the presence of true small nodules.   

P. Maceroni
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   3.      Macronodular:  when areas of fl ogosis are more larger they resemble pseudo 
macronodules which are confl uent with little normal intervening parenchyma.   

   4.      Severely hypoechogenic:  when parenchyma is completely replaced by lym-
phocytes the overall echogenicity in severely low, equal to or lower than 
adjacent muscles (d.d. diffuse lymphoma).   

   5.      Fibrosis:  fi brosis develops later in the progression of CLT. The hyperecho-
genic fi brous band separate area of hypoechogenicity.   

   6.      Punctate:  multiple hyperecogenic spots are scattered through the paren-
chyma with an appearance of microcalcifi cations; this punctate densities do 
not generate acoustic shadow and are similar to the hyperechogenic spots 
seen in colloid nodules.    

     Grave’s Disease  – The typical sonographic pattern of Grave’s disease is similar to 
that of autoimmune Hashimoto disease although hypoechogenicity is of lower 
degree. There is a diffuse hypervascularization (“thyroid inferno”) and this can 
differentiate Grave’s disease from thyrotossicosis due to thyroiditis. Perhaps 
there is some overlapping on the amount of fl ow in these two conditions and so 
the gold standard remains radioiodine uptake.  

   Painless Thyroiditis  – The painless thyroiditis is a form of transient autoimmune 
thyroiditis; it may occur in asymptomatic women aged 30–50 years with level of 
autoantibody lower than Hashimoto disease (silent thyroiditis) or in women 
within 1 year after parturition (postpartum thyroiditis). The typical ultrasound 
pattern is diffuse hypoechogenicity similar to the other form of autoimmune thy-
roid disease.  

   Lymphoma  – The basic requisite to the development of lymphoma is autoimmune 
thyroiditis because the thyroid contains no native lymphoid tissue. The diffuse 
form is the most frequent appearance of thyroid lymphoma, instead the focal pat-
tern mimic a cystic lesion and only the color Doppler examination, showing the 
internal vascularization, can prove that is a solid lesion.  

   Subacute Thyroiditis  – Subacute thyroiditis (ST) is a thyroid infl ammatory disease 
occurring after a viral upper respiratory infection. There are three different 
phases: thyrotoxic, hypothyroid and recovery. The thyrotoxic phase is due to the 
disruption of follicles with secondary release of stored hormones. Typical sono-
graphic pattern are ill-defi ned focal areas of huge hypoechogenicity which shows 
no internal vascularization. These areas develop along the thyroid force line (ori-
ented with long-axis). These areas correspond to the area of tenderness and may 
be uni or bilateral, migrate overtime from upper to the lower pole or to the con-
tralateral lobe.  

   Suppurative Thyroiditis  – The high blood fl ow, iodine content, hard capsule and 
excellent lymphatic drainage make the thyroid resistant to infection; for this rea-
son the suppurative thyroiditis is a rare disease. In the early phase is present a 
thin hypoechoic layer around the thyroid parenchyma; later are present patchy 
areas of ill-defi ned hypoechogenicity.  

   Riedel’s Thyroiditis  – This disease is characterized by intense macrophage and 
eosinophil infi ltration of thyroid parenchyma with extension into adjacent 
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 anatomical structures. The ultrasound shows a diffuse enlargement of thyroid 
which appears hypoechogenic and hypovascularized with emphasis on fi brous 
septa. Fibrosis increases parenchymal hardness which is well demonstrated by 
 elastography. Neighbouring anatomical structures may be encased by infl amma-
tory process. Stiffness is increased at sonoelastography.     

1.1.3     Focal Enlargement 

 The “nodule” can be described as a focal enlargement of thyroid parenchyma defi n-
able in all three spatial planes. The role of ultrasound is to confi rm the presence and 
study the characters of palpable nodules and to detect the presence of nodules in the 
thyroid glands found to be normal on clinical examination in patients with a previ-
ous radiation to the head and neck or with a family history of thyroid cancer. The 
task of ultrasound, however, is not only to identify, locate and measure the nodules 
but to identify “suspicious” nodules to select those to be submitted to aspiration 
cytology. Table  1.1  lists the sonographic characters that are reported as being associ-
ated with thyroid cancer [ 5 – 9 ].

1.1.3.1       Echogenicity 
 The echogenicity is the capacity to produce echoes and is proportional to the 
interfaces present in tissue, more interfaces more echogenicity. A rich cell struc-
ture contains less interfaces than a tissue with various components (colloid, cells, 
etc.) and this is the reason because the more aggressive malignant histotype 
(solid) appear more hypoechoic than those, more differentiated histotype, in 
which are present the follicular structures. The determination of echogenicity is 
usually carried out by comparison with the adjacent parenchyma but in some 
situations this comparison is rather diffi cult: in Hashimoto’s thyroiditis paren-
chyma is diffusely hypoechoic. New softwares are developing to quantify natural 
echogenicity.  

   Table 1.1    Gray scale sonographic features reported to be associated with thyroid cancer   

 Median sensitivity 
(range) (%) 

 Median specifi city 
(range) (%) 

 Hypoechoic vs. surrounding parenchyma  81 % (48–90 %)  53 % (36–92 %) 

 Hypoechoic vs. strap muscles  41 % (27–59 %)  94 % (92–94 %) 

 Absence of Halo  44 % (26–53 %)  89 % (69–98 %) 

 Microcalcifi cations  10 % (2–17 %)  94 % (84–98 %) 

 Macrocalcifi cations  66 % (33–100 %)  43 % (30–77 %) 

 Irregular, microlobulated margins  55 % (17–84 %)  80 % (62–85 %) 

 Solid consistency  86 % (78–91 %)  48 % (30–58 %) 

 Taller than wide shape on transverse view  48 % (33–84 %)  92 % (82–93 %) 

  From “ Thyroid Ultrasound and ultrasound-guided FNA ” ed. Baskin, Duik & Levine 2013 Springer  
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1.1.3.2     Calcifications 
 There are different categories of calcifi cations:

    1.      Microcalcifi cations  are small echogenic foci without posterior acoustic shad-
owing and it is hypothesized that are the ecographic equivalent of psammoma 
bodies (laminate calcifi c spherule) that are typical of papillary cancer but 
occasionally found in Hashimoto diseases or benign nodules. Often in ultra-
sound reports are described microcalcifi cations within nodules but in fact 
these small hyperechoic foci are related to the presence of dense colloid 
within microcysts associated with the reinforcement of the distal wall 
(Fig.  1.1 ).    

   2.      Macrocalcifi cations  are larger than 2 mm and causes posterior acoustic shadow-
ing. They may occur either in benign or malignant lesions within areas of fi bro-
sis, tissue degeneration or necrosis.   

   3.      Peripheral calcifications (“egg shell”)  indicate benign lesions in majority 
of cases but the interruption of peripheral rim may be a sign of cancer inva-
sion [ 10 ].      

  Fig. 1.1    Benign and 
malignant nodule. ( Top ) 
Benign nodule: defi nite 
margins with thin and regular 
hypoechogenic halo ( Bottom ) 
Malignant nodule: irregular 
and ill-defi ned margins 
without peripheral halo       
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1.1.3.3     Margins 
 The new technologies for the transducers (high frequency broad band probes) allow 
a superb defi nition of margins of thyroid nodules. The presence of ill-defi ned mar-
gins or microlobulated borders is the sign of infi ltrating neoplasia (Fig.  1.2 ). 
However, may be present indistinct margins in small hyperplastic nodules that 
should be not confused for infi ltrative.   

1.1.3.4    Halo 
 Halo is hypo-anechoic rim that surrounds a nodule and is commonly interpreted as 
the image equivalent of compression of perinodular vessels e/o peripheral edema. 
Hyperplastic nodules grow very slowly and so displace the surrounding thyroid 
parenchyma bundling blood vessels in the peripheral portions, as demonstrated by 
color Doppler. Thin peripheral halo is present in about half of benign lesions but is 
less common in malignant nodules. Thick irregular halo corresponds to the capsule 
in benign neoplastic nodules.  

1.1.3.5    Vascularization 
 Initially the amount of intralesional vascularity was associated with malignant 
nodules but the most recent studies have demonstrated, in small papillary cancer, 
poor intralesional vascularization and a possible explanation of this discrepancy 

  Fig. 1.2    ( Top ) True 
microcalcifi cations. ( Bottom ) 
Linear hyperechogenic spots 
due to dense colloid content 
in microcysts simulating 
microcalcifi cations       
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should be related to the specifi c pattern of neoangiogenesis in this histological type 
(anarchical texture, tortuous vasa and A/V shunts). Instead the follicular cancer 
may be more frequently associated with evident intralesional vascularity. The best 
method to study the internal vascularization of thyroid nodules is the broadband 
color Doppler because the “normal” color Doppler tends to overwrite the vascular 
signal giving the impression of a greater intralesional vascularity than the real one; 
alternatively you can use the power Doppler. Currently are available volumetric 
probe that allow the real time tridimensional study of parenchymal vascularization: 
this method demonstrates the real vascular network inside the thyroid nodule 
avoiding treated as internal vessels those taken enfi lade at the outer edge of the 
nodule.  

1.1.3.6    Taller Than Wide 
 The ratio between anteroposterior and transverse diameter in thyroid nodules 
(measured on axial scan) may be indicator of malignancy as in the sonographic 
evaluation of breast carcinoma. The disproportionate growth in the anteroposterior 
dimension may be interpreted as an aggressive growth pattern across rather than 
within normal tissue force lines. The benign nodules that can mimic this pattern are 
respectively meta-hemorrhagic cyst and outcomes of focal thyroiditis.  

1.1.3.7    Stiffness 
 The malignancy is often associated with stiffness. The US elastography is a novel 
method that evaluates the tissue elasticity through analysis of radiofrequency shift 
during manual compression. The stiffness alone is not an indicator of malignancy 
but is an additional tool along with other ultrasound parameters. Ueno has codifi ed 
a subjective scale with arbitrary color to differentiate benign from malignant lesions: 
different degrees of tissue elasticity can be color-coded in parametric images mak-
ing suspicious tissue changes visible in the ultrasonic image. Recently are dispos-
able semiquantitative and quantitative methods to classify the stiffness of a thyroid 
nodule. The most promising tool is acoustic radiation force impulse (ARFI) that 
analyzes the velocity of transmission of shear waves through a discrete lesion deter-
mining his stiffness in kilopascal (kP).  

1.1.3.8    Associated Features 
 Evidence of pathological lymph node at cervical level and interruption of thyroid 
capsular profi le are ultrasound features that, if associated with the presence of thy-
roid nodules, may be diagnostic for malignancy.    

1.2     Neck Lymph Node 

 The ATA’s guidelines for Patients with thyroid nodules and differentiated thyroid 
cancer has incorporated the neck sonography for the evaluation of patients who 
undergoing surgery for thyroid cancer as well as for the follow-up after thyroidec-
tomy for thyroid cancer. This comes from the fact that ultrasound has been shown 
to have good ability to differentiate benign from malignant lymph node [ 9 ]. 
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  Benign lymph nodes  have an ovoid shape (short/long axis ratio <0.5), constant 
and symmetric cortical thickness, homogeneous parenchymal structure and low 
parenchymal echogenicity with hyper-echoic hilum (due to presence of fat and lym-
phatic/blood vessels); the parenchymal vascularization seems to be quite regular 
with arborous pattern [ 11 ]. 

  Malignant lymph nodes , instead, have a rounded shape (short/long axis ratio 
>0.5), cortical focal thickening, inhomogeneous parenchymal structure (often 
with “ground glass” pattern) with absent hilar line; parenchymal vascularization 
with power Doppler (preferred to color Doppler for its greater sensitivity to arte-
riolar low velocity blood fl ow) seems to be anarchic for recruitment of peripheral 
cortex microscopic vessels. Strong evidence for malignancy is the presence of 
any type of calcifi cations (either micro or macro-calcifi cations with acoustic 
shadowing). The parenchymal echogenicity is equal to that of native thyroid 
parenchyma. Cystic necrosis areas inside the lymph node are commonly associ-
ated with malignancy. More frequent localization of papillary cancer metastatic 
lymph-node is the internal jugular chain that occurs between carotid artery and 
jugular vein; consequently any divergence of these vessels may be an indicator 
of occult metastatic lymph-node presence; in addition metastatic lymph-node 
can cause a partial vein obstruction and so color Doppler is the better method to 
demonstrate slowdown of venous fl ow. It is noteworthy to point out that some 
characters of thyroid nodules which are indicators of malignancy may not 
apply to lymph node (echogenicity, margins etc.). It is crucial to detect macro-
scopic metastatic lymph-node as their preoperative presence heavily modifies 
the risk of recurrence while microscopic nodal disease does not affect this risk. 
The preoperative study of central compartment is difficult for the presence of 
the thyroid gland that may obscure even macroscopic lymph node but this sur-
vey is less important because many endocrine surgeons routinely perform cen-
tral compartment dissection during total thyroidectomy for cancer. After 
surgery the follow-up is best performed with association of neck ultrasound 
and Tg assay; the WBS is an unsatisfactory tool for monitoring patients with 
thyroid cancer [ 12 – 14 ].  

1.3     Parathyroid 

 Primary hyperparathyroidism (PHPT) has an apparent increasing incidence due to 
the wide availability and high accuracy of multichannel analyzer for routine testing. 
The majority of patients are well being without clinical symptoms and/or end organ 
damage. Presence of a solitary adenoma is the most frequent cause of PHPT. Accurate 
detection and localization of adenoma enables minimally invasive direct parathy-
roidectomy (MIDP) to be performed in 1-day surgery or with short hospitalization, 
with reduced local postoperative soreness and better aesthetic results. 

  Normal  – The majority of patients have four glands but the presence of supernu-
merary glands may be considered. The normal parathyroid gland (PTG), as well 
described for the fi rst time by Sir Richard Owen in 1852 when performed the 
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postmortem examination of a Rhynoceros [ 15 ], is ovoid or bean shaped, normally 
measures approximately 6 mm length, 3–4 mm tranverse and 1–2 mm in anteropos-
terior diameter; PTGs have a fi bro-fatty capsule and his vascular supply is indepen-
dent from that of the thyroid. Normal parathyroid are not visualized at ultrasound 
despite the use of high frequency/high resolution probe. When visible they appear 
as small, well-circumscribed, hypoechoic nodule posterior to thyroid gland sepa-
rated from echogenic thyroid capsule. Superior PTGs are more constant in position 
as compared to inferior PTGs; they lie on posterior border of middle 1/3 of thyroid 
75 % of time, 25 % found behind upper and lower 1/3 of thyroid, 7 % found below 
inferior thyroidal artery. Inferior PTGs are more variable in location; they lie lateral 
to lower pole of thyroid gland (50 %), within 1 cm of inferior poles (15 %) and 
anywhere from angle of mandible to lower anterior mediastinum (35 %). 
Understanding of normal anatomical localization and their variations is fundamen-
tal to localize pathological parathyroid gland that causes PHTP. Ultrasound study 
for preoperative localization of parathyroid adenoma must start, with transverse 
scan, above the thyroid at the angle of mandibole and move downwards through the 
thyroid to level of clavicle [ 16 ]. 

 A simple and reliable description of the exact locations of pathologic parathyroid 
glands is necessary for unambiguous communications between surgeons and other 
specialists. A novel system of classifi cation was elaborated by Perrier et al. [ 17 ] on 
the most frequent localization of pathologically enlarged glands. A type A parathy-
roid gland is a gland that arises from a superior pedicle, lateral to the recurrent 
laryngeal nerve compressed within the capsule of the thyroid parenchyma. A type B 
gland is a superior gland that has fallen posteriorly into the tracheoesophageal 
groove and lies in the same plane as the superior portion of the thyroid lobe. A type 
C gland is a gland that has fallen posteriorly into the tracheoesophageal groove and 
lies at the level of or below the inferior pole of the thyroid gland. A type D gland lies 
in the mid region of the posterior surface of the thyroid parenchyma, near the junc-
tion of the recurrent laryngeal nerve and the inferior thyroid artery or middle thyroi-
dal vein; because of this location, dissection is diffi cult. A type E gland is an inferior 
gland near to the inferior portions of the thyroid lobe. A type F gland is an inferior 
gland that has descended into the thyrothymic ligament or superior portions of the 
thymus and it seems to be “ectopic” within the superior mediastinum. A type G 
gland is an intrathyroidal parathyroid gland. 

  Pathological  – Parathyroid adenomas have some peculiar sonographic character: 
(1) they have an extra thyroidal location with an hyperchogenic line of demarcation 
with respect to thyroid parenchyma (due to summation of thyroid capsule and fi bro- 
fatty parathyroid capsule); (2) they have an homogeneous structure with extremely 
low echogenicity in relation to thyroid parenchyma; (3) they have an independent 
vascular supply with peculiar unipolar vessel (typically a branch off the inferior 
thyroidal artery which enters the parathyroid gland at one of the poles; internal 
 vascularity is also commonly seen in a peripheral distribution), less frequent is evi-
dent the “vascular arch” sign (the feeding artery tends to branch around the periph-
ery of the gland before penetration giving a characteristic arc or rim of vascularity) 
and diffuse intralesional vascularization [ 18 ,  19 ]; parathyroid adenomas conform the 
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shape on anatomy of surrounding structures (thyroid, tracheo-esophageal groove, 
neurovascular bundle) and this must take into account during study of localization 
to distinguish adenomas from neck lymph nodes or esophitic thyroid nodules [ 20 , 
 21 ,  22 ,  23 ].     
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  2      Fine Needle Aspiration Biopsy       

       Pietro     Locantore     ,     Francesca     Ianni     , and     Alfredo     Pontecorvi    

          Thyroid nodules   are frequent among general population, although the rate of malig-
nancy is frequently low, ranging from 3 to 7 % [ 1 ]. For such reason it is necessary 
to select the appropriate nodules for which surgery is required. Fine needle aspira-
tion biopsy ( FNAB  ) is a diagnostic test routinely used in the evaluation of thyroid 
nodule disease and it is crucial to stratify the risk of malignancy. Furthermore, 
FNAB can also be used to evacuate large cystic nodules and is helpful in patients 
with thyroid cancer to detect lymph nodes metastases [ 2 ]. 

 Many studies have proven the effi cacy of  FNAB   in the management of patients 
with thyroid nodules with a reported sensitivity of 80–98 % and specifi city of 
58–100 % [ 3 ]. 

 In the past,  FNAB   could be performed manually only on palpable thyroid nod-
ules, while nowadays, because of the large diffusion of  ultrasonography   (US), it is 
possible to detect also nonpalpable nodules and such technique is helpful to identify 
suspicious nodules. In such situations the FNAB is performed under US guidance, 
which is the most widely diffused technique. 

 The fi rst step to examine thyroid nodules is US. US represents the fi rst line test 
to assess the location of the nodule, the size, the US pattern and to detect any pos-
sible suspicious lymph node. On the basis of US fi ndings, considering the clinical 
history of the patient, the biochemical tests of thyroid function and possible infor-
mation coming from radionuclide scan (thyroid scintigraphy or PET), the clinician 
has to select which nodules are eligible for  FNAB  . 

 The clinical characteristics that suggest performing  FNAB   are: patients with 
family history of thyroid cancer, story of neck irradiation, presence of a single, 
growing, fi x and hard nodule, especially in young patients and in the male gender. 
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 US suspicious features of thyroid nodules are: solid, hypoechoic, a “taller than 
wider” shape, irregular margins, absence of halo sign, microcalcifi cations, intrano-
dular vascular fl ow. 

 Moreover, in case of a “cold” nodule, which has a decreased uptake of radionu-
clide in a conventional thyroid scintigraphy with 99-technetium or 123-Iodine, or in 
case of a focal uptake of FDG to PET scan,  FNAB   is suggested in order to exclude 
malignancy [ 4 ]. 

 In presence of a multinodular  goiter   it is important to identify the most suspi-
cious nodule, which is not always the dominant one. In fact, patients with multiple 
nodules have the same risk of malignancy as those with a single nodule. Thus, the 
sonographic features of each nodule should be assessed independently to determine 
the need for  FNAB  . If there are multiple coalescent nodules and none have suspi-
cious US features, FNAB of the largest nodule is reasonable. In presence of com-
plex nodules US guidance is essential to assess the biopsy on the solid part of the 
lesion, to reach a diagnostic conclusion as well as in inhomogeneous nodules US 
guidance is essential to biopsy the most suspicious part of the nodule. 

 There is no consensus among the scientifi c societies about the size of the nodule 
that can undergo  FNAB  . 

 The American thyroid association (ATA) guidelines published in 2009 [ 5 ] sug-
gest performing  FNAB   in nodules: larger than 5 mm in patients with high risk his-
tory, larger than 1 cm in case of suspicious US features and larger than 2 cm in 
absence of suspicious US features. FNAB is not indicated in case of cystic nodule. 

 AACE/AME/ETA  guidelines   [ 2 ] published in 2010 suggest performing  FNAB   in 
nodules of any size in case of high risk patients or in case of US suspicious pattern. 

 The latest ATA guidelines (in press, presented at ATA satellite symposium at ICE/
ENDO – June 2014) suggest performing  FNAB   in nodules: larger than 1 cm having 
high-intermediate US suspicious pattern; larger than 1.5 cm having US low suspi-
cious pattern and larger than 2 cm having US very low suspicious pattern. In case of 
nodules smaller than 1 cm or cystic nodules, FNAB should never be performed. 

 This new approach is due to the fact that in the last three decades, overdiagnosis 
of clinically silent thyroid nodules by the widespread use of imaging methods has 
brought to an increase up to threefolds in the incidence of thyroid cancer, even 
though the rate of mortality has not changed. Thus far we have detected and treated 
thyroid microcarcinomas with questionable aggressiveness [ 6 ]. For this reason, rou-
tine  FNAB   is not considered cost-effective and an appropriate evaluation by an 
expert clinician is recommended before undergoing FNAB. 

2.1     Procedure 

  FNAB   is an invasive procedure and it is fundamental to obtain an adequate signed 
consent after the patient has been fully informed [ 7 ]. 

 The patient must be advised about the procedure, aware of potential  complica-
tions   (usually self-limiting intra or extranodular bleeding), must be instructed not to 
swallow or speak during the insertion of the needle, must be informed of the need 
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of taking serial samples on the same nodule, the time of the cytological result and 
the possibility of an inadequate sample, that may require the repetition of the sam-
pling after at least 1 month (if possible to delay the repetition, on the basis of clini-
cal history and US features). Correct information is also adjuvant to let the patient 
be relaxed during the procedure. 

  FNAB   is a safe and minimally invasive procedure with low risks and can be usually 
performed on an outpatient basis by experienced physicians. In the past the procedure 
was performed manually, only on palpable masses, while nowadays US guidance is 
routinely used. In fact real-time US consents the visualization of the needle within the 
lesion enabling to reach targets as small as 2 mm, thereby facilitating accurate biopsy 
of small nonpalpable nodules. Furthermore, a color Doppler evaluation just before the 
procedure may help the operator to identify any large vessel in the surrounding tissue 
and choose the best way to sample the nodule, avoiding any vascular injury. 

 US is performed with a conventional high frequency linear array (7.5–14 MHz). 
Some arrays may also include specifi c supports used as needle guide. Such items 
may be useful in case of prolonged procedures (cyst evacuation, ethanol injection) 
more than in routine sampling. 

 A review of recently published data regarding  thyroid cancer   detection at 
US-guided FNA indicates a sensitivity of 76–98 %, a specifi city of 71–100 %, a 
false-negative rate of 0–5 %, a false-positive rate of 0–5.7 %, and an overall accuracy 
of 69–97 % with the use of this method [ 8 ]. The false-negative rate with palpation- 
guided FNA (1–3 %) was higher than that with US-guided FNA (0.6 %) [ 9 ]. The 
literature reveals great variability in specimen cellularity [ 9 ]. Although the rate of 
specimen inadequacy with US-guided FNA is lower than that with palpation- guided 
FNA, US-guided  FNAB   yields an inadequate specimen in 10–20 % of procedures, 
perhaps because of the absence of uniformly adopted or standardized criteria for 
adequacy of thyroid FNAB specimens and specimen procurement techniques [ 10 ]. 

 It is useful to have a proper tray including materials for topical cleaning, trans-
ducer covers, coupling gel and a wide set of needles. The needles normally used 
may be small (25–27 gauge) or medium (21–23 gauge). 

 The patient is placed in a supine position with the neck slightly extended, with a 
pillow or a pad placed beneath the patient’s shoulders. Anesthesia is not routinely 
performed. Some operators use topical lidocaine gel or patch, ethyl cloryde spray 
(that may anyway irritate the skin). In selected cases, especially for long procedures 
or for the use of large needles, 1–2 ml of 1 % lidocaine solution can be injected 
subcutaneously. The US monitor must be placed optimally for the operator’s view 
and the US array should be covered with a sterile mean, applying a coupling gel 
between the array and the sterile mean. The skin in the projective area of the thyroid 
nodule must be cleaned with an alcoholic solution. 

 The needles normally used in  FNAB   rise from 22 to 27 gauge. There is a correla-
tion between the gauge of the needle and the cellularity of specimen, in fact the 
thinner the needle used, the higher the rate of suffi ciency of cytological material. 
Special needle which are longer may be used for posterior nodules. Each needle 
may be attached to a 2–20 mL syringe, with an eventual syringe holder, according 
to the preference of the operator. 
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 A freehand biopsy technique is the widest used technique. The syringe can be 
attached to the needle and placed just above the transducer. The needle may be 
introduced parallel or perpendicular to the transducer, and the needle tip should be 
carefully monitored during the procedure. All needle movements should be continu-
ously visualized in real time. Poor needle visualization is a common diffi culty. If the 
needle is parallel to the transducer, it will be visible in its entirety. However, if the 
needle is inserted at a steep angle, as it must be to reach deep lesions, or if it is 
inserted perpendicular to the probe, localization of its tip is more diffi cult (Fig.  2.1 ). 
The tip of the needle is visible only as a bright echogenic focus on the monitor as 
the tip bisects the scanning plane. If the needle tip is not visible, the position of the 
needle and transducer should be adjusted until the tip points toward the center of the 
lesion. When the needle reaches the target, the biopsy is performed.  

 Biopsy specimens may be obtained with two widely used acquisition methods. The 
choice between “nonaspiration” and “aspiration” is a matter of operator preference. 

 The “needle only” technique or “nonaspiration” technique is based on the prin-
ciples of  capillarity   action of cellular material into the needle without aspiration. 
The needle is withheld with two fi ngers and inserted in the nodule. After that, the 
operator should kindly move the needle up and down for a couple of times and may 
perform rotations of the needle. “Nonaspiration”  FNAB   is less traumatic and even 
more rarely associated with complications. The amount of the sample is directly 
proportional to the time of stay of the needle inside the lesion. After the procedure, 
the needle is attached to a syringe to extrude the material on the smear or in the vial. 
Such technique should be modifi ed in case of mixed, hemorrhagic or cystic lesions. 

 The “ aspiration” technique   or “closed suction” is characterized by the freehand intro-
duction under US guidance of a needle with a syringe placed on it. When the needle is 
inside the lesion, the syringe plunger is withdrawn to create a negative pressure and 
induce aspiration. The needle is moved up and down, the plunger is withdrawn, inside 

  Fig. 2.1    An US-guided 
 FNAB   with perpendicular 
approach. Only the tip of the 
needle ( AGO-arrow ) is 
visible within the nodule as a 
bright echogenic focus on the 
monitor       
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the lesion as long as the needle is taken out of the skin. At that moment the plunger can 
be released. This technique is very useful to perform the aspiration of fl uid lesions. 

 At present there is no preference between the two techniques, and the choice is 
based on the feeling and the experience of the operator. 

 It is recommended that aspiration is performed at least twice at US-guided  FNAB   
because of the fi ne caliber of the needle, but the number of aspiration can range 
from one to fi ve aspirations. Multiple punctures of the nodule can ensure samples 
from different parts of the lesion. In case of complex nodules, with large fl uid parts, 
it is necessary to increase the number of aspirations to obtain adequate samples. 

 After the procedure, a fi rm pressure is applied to biopsy site with gauze pad. 
Once bleeding has stopped, a sticking plaster is placed on the puncture site, the 
patient is observed for a few minutes and, if there are no problems, allowed to leave. 
The patient should be instructed to contact hospital staff or seek the emergency 
room if neck swelling occurs on the way home or at home. 

 The material collected during  FNAB   can be processed in two different ways. 
  Conventional smear   (CS) has been the standard diagnostic method for detecting 

thyroid lesions for many years, as it is cheap, widely codifi ed, quick and easy to be 
performed. Specimen is suddenly placed on a conventional smear by depositing the 
needle contents onto a glass slide, then smearing the material. Each slide is then 
fi xed with alcohol prior to staining. When the Papanicolaou staining method is used, 
the smears should be quickly placed in 95 % ethyl alcohol. When Diff-Quik or 
Giemsa stain is used, the smear should simply be allowed to air dry. Papanicolaou 
staining is most commonly used for cytologic analysis of thyroid specimens, and it 
provides the clearest depiction of nuclear chromatin, ground-glass nuclei, and 
nuclear groove characteristics in papillary carcinoma. Diff-Quik or Giemsa stain 
helps visualize the characteristics of cytoplasm and colloid. 

 Another method for preparing slides is to rinse the contents of the needle into a 
cell suspension (in the procedure room), which is then used to make liquid-based 
thin-layer slides, or cell block material (in the laboratory). Liquid-based thin-layer 
slides are stained with Papanicolaou stain and processed in a cytology laboratory. 
Cell block material is stained with hematoxylin-eosin stain and processed in a his-
tology laboratory [ 11 ]. 

 Some authors have suggested that  thin prep   is diagnostically superior to conven-
tional preparation in certain nongynecologic specimens, but this technique is quite 
expensive, as it is necessary to have dedicated laboratory tools and pathologist who 
are familiar with these cytological samples. 

 Thin prep has many advantages compared with conventional smears, including 
ease of preparation by the clinician, more consistent specimen quality, uniform 
specimen collection, convenient transportation from remote sites, decreased needle 
handling, preservation of nuclear detail, decreased screening time, and the ability to 
perform ancillary testing. Many authors have shown that thin prep has diagnostic 
equivalence to conventional smears but a well-trained pathologist with the newest 
method is essential because cytologic fi ndings are quite different in the two prepara-
tions with regard to amount and character of colloid, architectural disruption, back-
ground elements, and nuclear details [ 12 ]. 

2 Fine Needle Aspiration Biopsy



20

 The fi nal cytopathologic fi nding is generally reported using the Bethesda criteria 
[ 13 ], in which a sample is considered adequate if it contains a minimum of six 
groups of well observed follicular cells, with at least 10 cells per group. 

 The increasing diffusion of liquid-based thin layer slides has increased the pos-
sibility of performing further analysis on the aspired samples to increase sensitivity 
and specifi city of the test, especially in case of undetermined lesion. Such analysis 
varies from  immunocytochemistry   to genetic markers. In the recent years there has 
been a wide diffusion of new marker in thyroid cytology. As to immunocytochem-
istry, the most diffused markers are galectin-3, HBME-1, CK-19 and CD56, which 
can be used in combination. 

 As to  molecular markers  , the most used genes analyzed are BRAF, RET/PTC 
and RAS. In the most recent years there are at least two commercial multigene clas-
sifi ers that can be applied to the  FNAB   samples to produce risk stratifi cation on the 
basis of gene profi le. Such tests still need to be proved before becoming part of a 
routine evaluation in the clinical practice [ 14 ,  15 ]. 

 In case of inadequate samples, it can be considered to repeat the procedure no 
sooner than 1 month (if the US pattern of the nodule is not very suspicious), in 
order to prevent false-positive interpretation due to biopsy-induced reactive/repar-
ative changes, and if available, it can be useful to have an on-site cytologic 
evaluation. 

 In case of repeated inadequate samples, other techniques have been suggested to 
defi ne the diagnosis of the nodule. The most suggested technique is core-needle 
biopsy. The 21 gauge needle is inserted into the nodule under US guide in freehand 
fashion. When the tip is inside of the nodule, mandrel is removed and the needle is 
advanced within the nodule to obtain a tissue core. Needle is moved ahead across 
the nodule’s margin reaching extranodular tissue. Then, the needle is removed. The 
obtained core sample is fi xed by buffered formalin 10 % [ 16 ]. 

 Although FNA is an established test for the evaluation of thyroid nodules with 
high sensitivity and accessibility, as we mentioned earlier, in some cases it does not 
yield suffi cient diagnostic material even with repeated attempts and scant aspirates 
or those with borderline adequacy may be a source of diagnostic error.  Core-needle 
biopsy   provides a large histologic core of tissue, which may have a greater effect on 
surgical decision making than the cytologic diagnosis. For these reasons, a core- 
needle biopsy is considered for patients in whom FNAB produces only specimens 
of grossly scant-appearing cellularity after several passes or in patients who return 
for a repeat biopsy after a nondiagnostic initial FNAB. 

  FNAB   is used as therapeutic procedure to evacuate large cystic lesions. After 
evacuation, it is necessary to monitor the lesion with US, for eventual recurrence. For 
those patients with subsequent recurrent symptomatic cystic fl uid accumulation, sur-
gical removal or  percutaneous ethanol injection   (PEI) are both reasonable strategies, 
based on compressive symptoms and cosmetic concerns. The PEI procedure consists 
in percutaneous intralesional ethanol injection, which induces dehydration followed 
by coagulative necrosis and vascular thrombosis and occlusion. Volumes of 0.4–2 ml 
of ethanol are injected, and patients may receive repeated treatments. The technique 
requires a well-trained staff. Transient, sometimes severe, local pain is the most fre-
quent side effect, followed by transient fever, and occasionally transient dysphonia.  

P. Locantore et al.



21

2.2     Contraindications 

 The only serious contraindication is  hemorrhagic diathesis  . No routine clotting 
screening are required before  FNAB  , but in case the patient is on anticoagulant 
drugs, these must be interrupted at least 5 days before the procedure, shifting the 
treatment to heparin, under medical supervision. The procedure can be performed 
only when the clotting parameters are normal. 

 The use of antiplatelet drugs is not a full contraindication to  FNAB  , but it 
increases the risk of bleeding and inadequate samples. For that the clinician should 
evaluate the risk of a possible interruption of such treatment 3–7 days before the 
procedure. In such situation it could be useful to defer the procedure and contact the 
referring physician of the patient to balance the risk. 

 In case of specifi c hematological disorders (such as hemophilia or thrombocyto-
penia), it is necessary to have a specifi c specialist consult before the procedure. 

 Furthermore, it is necessary that the patient can lay recumbent in the appropriate 
position for the biopsy, with an adequate neck hyperextension. In case of old patients 
or patients with orthopaedics, neurological, or ear disorder such limitation can be so 
severe that the procedure may result impossible. The patient must also be coopera-
tive with the operator to stand still without swallowing or breathing deeply.  

2.3     Complications 

 The possible  complications   of the procedure can be; hemorrhage, caused by acci-
dental microvascular trauma; large hemorrhage is rare, but the risk is always high, 
especially in case of nodules adjacent to the vessels (carotid and jugular); pain, due 
to the skin, muscle and thyroid capsule innervation. Also an accidental puncture of 
the trachea causes an acute stinging pain. The risk of hemorrhage and pain is 
increased in case the patient does not stand still during the procedure. 

 Conventional bleeding and small  hemorrhage   can be dominated by compression 
and/or an ice pack. The operator should look for eventual internal bleeding before 
the patient’s departure. 

 The risk of bacterial infection causing acute thyroiditis is very rare but it has 
been described in literature. For that it is important to monitor patients with higher 
risk of infection (AIDS, leucopenia) [ 17 ].  

2.4     Thyroglobulin in Washout Fluid from Lymph Node 
 FNAB   

 During the follow-up of patients affected by  differentiated thyroid cancer   (DTC), 
serum thyroglobulin assays and neck US are routinely recommended for the surveil-
lance of recurrences [ 5 ]. Although the criteria for US to distinguish benign from 
metastatic lymph nodes have been described, its specifi city is not optimal. The US 
criteria for possible malignant infi ltration of lymph nodes included: a rounded rather 
than oval shape, with a long-to-short axis ratio inferior to 1.5, irregular internal 
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echogenicity, calcifi cations, loss of the fatty hilus peripheral vascularity, and cystic 
change [ 5 ,  18 ]. 

 To detect and evaluate cervical lymph nodes in patients with thyroid malignancy, 
US and  FNAB   have been standard diagnostic modalities. Although the accuracy of 
US diagnosis of node metastasis has improved, FNAB shows disappointing sensi-
tivity, varying from 75 to 85 % with a high rate of nondiagnostic samples or even 
provide false-negative results, especially in small or cystic metastatic lymph nodes 
[ 19 ,  20 ]. To improve the diagnostic yield of FNAB, direct measurement of the con-
centration of thyroglobulin in the washout fl uid of the needle is used in FNAB, since 
its fi rst description in 1992 [ 19 ]. 

 The measurement of thyroglobulin in the washout fl uid of lymph node  FNAB   
has been proposed to be a useful diagnostic method in detecting metastatic lymph 
nodes of DTC patients. Several studies have reported thyroglobulin in the washout 
fl uid of FNAB to be more sensitive than FNAB for detecting metastasis, and the 
accuracy of FNAB is improved when combined with thyroglobulin in the washout 
fl uid. 

 US guided  FNAB   is performed on suspicious lymph nodes by an experienced 
operator using a 21–25 gauge needle attached to a 10 mL syringe. The technique is 
the same as thyroid FNAB previously described. Each lesion should be aspirated at 
least twice. The samples can be placed on glass smears or using thin prep methods 
for cytological examination. The same needle and syringe must be rinsed with 0.5–
1.0 ml of normal saline to a fi nal volume of 1.0 ml and the washout submitted for 
measurement. 

 Thyroglobulin assays in the  FNAB   washout can be performed using electro-
chemiluminescence (ECLIA) immunoassay, that is conventionally standardized 
for serum thyroglobulin and results are expressed in “ng/mL”. Results are 
dependent on accurate sampling and a maximum needle wash volume of not 
more than 1.5 ml. 

 However, the cutoff value of thyroglobulin in the washout fl uid remains contro-
versial on account of differences in sample treatments and thyroglobulin assays. 
There is no established diagnostic cut off, particularly for the latest generation of 
highly sensitive thyroglobulin assays [ 21 ]. Several cut off have been considered in 
literature both on the absolute level and as ratio respect to serum thyroglobulin 
(especially in case of patients with high levels of thyroglobulin on LT4). The role of 
 thyroglobulin   in the washout fl uid in patients with positive antithyroglobulin anti-
bodies is controversial. Furthermore, the use of thyroglobulin in the washout fl uid 
in the evaluation of suspicious cervical lymph nodes is appropriate in selected 
patients, but interpretation may be diffi cult in patients with an intact thyroid gland, 
as diagnostic test in the preoperative phase. 

 The same technique can be used also to detect  calcitonin   in the washout fl uid 
of  FNAB   of thyroid nodule suspicious for  medullary thyroid carcinoma   or 
lymph nodes FNAB in patients affected by medullary thyroid cancer [ 22 ]. The 
limits of the test are the same as thyroglobulin assay. The evaluation of  PTH   in 
the washout fl uid of FNAB is used to identify lesions suspicious for parathyroid 
glands or cysts.     
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      Cytology of Thyroid Lesions       

       Guido     Fadda       and     Esther     Diana     Rossi    

3.1            Introduction 

 Fine-needle aspiration cytology (FNAC) represents one of the most important diag-
nostic tools for evaluating thyroid lesions. It has a worldwide application because of 
its simplicity, safety and cost-effectiveness, leading to a correct diagnosis in more 
than 70 % of cases and to a correct clinical approach in more than 90 % of cases 
[ 1 – 4 ]. 

 Numerous studies have shown that more than 70 % of all thyroid lesions result 
in a benign histology, between 5 and 10 % are reported as “malignant” and the 
remaining 20–25 % represents the so-called gray zone in which different benign and 
malignant entities are included and may result in a high number of unnecessary 
surgical operations [ 1 – 13 ]. 

 The core-needle biopsy (CNB) is a procedure alternative to FNAC which involves 
the use of needles slightly larger than those adopted for that technique (18–21 G). 
The advantages of CNB are represented by a larger amount of cells which may 
decrease the rate of inadequate diagnoses and the possibility to obtain tissue sam-
ples useful for the application of special investigations. The disadvantages of CNB 
include the increased possibility of complications, such as hemorrhage and local 
pain, and the diffi culty of performing multiple samplings of the lesion [ 12 ,  13 ]. 

 The thin-layer or liquid-based cytology (LBC) technique, originally developed 
for application to gynecologic cervical smears, has progressively gained consensus 
after being applied to both non-gynecologic and fi ne-needle aspiration cytology. 

 This method is based on a two-step procedure: (a) the fi xation of the totality of 
the material in an alcohol-based solution (methanol or ethanol depending on the 

        G.   Fadda ,  MD, MIAC      (*) •    E.  D.   Rossi ,  MD, PhD, MIAC    
  Division of Anatomic Pathology and Histology , 
 Catholic University “Agostino Gemelli” School of Medicine and Hospital ,   Rome ,  Italy   
 e-mail: guidofadda@rm.unicatt.it  

  3

mailto:guidofadda@rm.unicatt.it


26

technique – see below); (b) the automated processing of the material to obtain a thin 
layer of representative cells. A computer-assisted device transfers the fi xed and par-
tially disaggregated cells onto a single slide. The two most popular methods for 
LBC processing use an alcohol-based fi xative solution. In the fi rst (ThinPrep2000 TM,  
and ThinPrep5000 TM  Hologic Co., Marlborough, MA), the cells are aspirated from 
a methanol-based solution (Cytolit TM ) then fi ltered and transferred onto a positively 
charged slide with a gentle positive pressure. In the second (PrepStain LBC TM , 
TriPath Imaging, Burlington, VT), the cells are collected in an ethanol-based solu-
tion (CytoRich TM ), centrifuged twice then slowly sedimentated onto a poly-L- 
lysinated slide and eventually stained with a specifi c hematoxylin-eosin stain. The 
fi nal result for both methods is a glass slide for each lesion where the cells are 
concentrated onto the central area of the slide measuring 20 square mms for 
ThinPrep and 13 square mms for PrepStain LBC [ 12 ]. 

 The LBC method enables the storage of a variable amount of cells in a preserva-
tive solution for up to 6 months after the biopsy. The remaining material can be used 
for the application of ancillary techniques such as immunocytochemistry and 
molecular biology [ 11 ,  14 – 17 ].  

3.2      Non-neoplastic Lesions 

 A cytological sample must be adequate in terms of amount of cellularity and satisfac-
tory in terms of quality. The defi nition of unsatisfactory smears implies diffi culties in 
fi xation, smearing, or staining artifacts which might impair the interpretation of the 
fi nal slide. A slide is non-representative when cellularity does not represent the true 
components of the lesion (e.g., insuffi cient amount of follicular cells) [ 18 ]. In the 
fi rst instance the inadequacy of the sample could be attributed to an incorrect tech-
nique, and in the latter the characteristics of the lesion do not allow a defi nitive cyto-
logical diagnosis [ 19 – 21 ]. The adequacy criteria are met when at least 6 clusters of 
10–20 well-preserved cells are observed [ 19 – 21 ]. When using LBC preparations a 
second slide can be prepared with the residual preservative cells in order to meet the 
above mentioned adequacy criteria. In this perspective up to 18 % of cases diagnosed 
as inadequate with the fi rst slide can be reclassifi ed as adequate with the second slide. 
The evidence of this result is more signifi cant than the data by Hasteh who dismiss 
as expensive and useless the preparation of a second ThinPrep slide [ 23 ,  24 ]. The 
LBC ThinPrep-processed slides may present scant ill-preserved cells at the periphery 
due to the positive pressure which may be responsible of cellular artifacts [ 24 ]. On 
the other hand, SurePath, according to Geers and Bourgain showed 25 % inadequacy 
rate on thyroid FNAC which can probably be an effect of the low sedimentation rate 
of the colloid droplets which might hamper their inclusion in the fi nal slide [ 25 ]. 

 In the category of non-neoplastic lesions we should include also cystic lesions 
which are another frequent responsible of inadequate results [ 17 ]. We need to dis-
tinguish a true pseudo-cystic lesion (lacking follicular cells in its wall) from the 
more frequent cystic or hemorrhagic regression of a nodule which might turn out to 
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be benign or malignant after repeated samplings. In our studies cystic/hemorrhagic 
lesions accounted for about 7 % of all cases of our series which is in agreement with 
the general acceptance [ 9 – 14 ]. In the non-diagnostic category repetition of the FNA 
is recommended under US-guidance after at least 1 month. US-guided CNB may be 
considered in case of repeatedly non-diagnostic FNA samples [ 17 ]. 

 A benign diagnosis is the most common cytological fi nding accounting for about 
70 % of all cases in the majority of the series. Most benign lesions arising in the 
thyroid gland are classifi ed in one the following groups: (1) nodular goiter; (2) thy-
roiditis; (3) Graves Disease. 

 The FNA of a  colloid goiter  is characterized by a wide range of morphological 
patterns refl ecting different stages of the disease including also the detection of 
secondary changes such as oxyphilic metaplasia, hemorrhagic and/or cystic 
changes, granulation tissue, fi brosis, and calcifi cations. The morphological 
 features of a colloid nodule are composed by a large amount of colloid, benign 
follicular cells, and some macrophages repleted of colloid material (foamy cells) 
(Fig.  3.1 ).  

 The cytological fi ndings of a nodular lesion in  Graves’s disease  is not specifi c 
similar to a benign goiter sometimes with the presence of lymphocytes and onco-
cytes in the background. The keystone feature is the presence of fl ame cells charac-
terized by marginal cytoplasm vacuoles with red frayed edges. 

  Chronic lymphocytic (Hashimoto’s) thyroiditis  is characterized by a variable 
amount of lympho-monocytic cells in the background admixed with oxyphilic cells. 
When a thyroiditis is suspected, the detection of lympho-epithelial clusters in an 
infl ammatory background is the pivotal clue for the diagnosis on LBC slides 
[ 15 ,  22 – 25 ]. Oxyphilic hyperplastic nodules in a thyroiditis should not be surgically 
removed because they represent the functional replacement of the parenchyma infi l-
trated by the infl ammatory cells. Thus, the identifi cation of oxyphilic cells in a 
background of infl ammatory cells virtually does rule out an oxyphilic neoplasm and 
warrants a simple follow-up for the patient [ 15 ,  17 ]. 

  Fig. 3.1    A colloid goiter 
showing a colloid droplet and 
clusters of typical follicular 
cells (LBC, Pap, 300×)       
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  Granulomatous De Quervain’s and Riedel’s thyroiditis  are less common variants 
of infl ammatory diseases of the thyroid which can be encountered in the routine 
practice [ 26 ,  27 ]. 

 Clinical and US follow-up are suggested for non-neoplastic nodules. Repeat 
FNA is recommended in case of nodule growth or structural changes, and in patients 
who are undergoing ablative treatments [ 17 ].  

3.3     Indeterminate Lesions 

 Numerous studies demonstrated that indeterminate lesions (IL) may account for up 
to 20 % of cytological diagnoses and they represent a “gray zone” in which both 
benign and malignant entities are included, especially PTC and its variants [ 28 ,  29 ]. 
The surgical treatment of IL results in a high number of unnecessary thyroidecto-
mies which may cause additional morbidity and increase of health care costs [ 28 –
 30 ]. The impossibility to evaluate any capsular or vascular invasion, which is the 
cornerstone of the diagnosis of differentiated carcinoma, represents a major limit of 
morphology and decreases the overall diagnostic accuracy of FNAC. 

 An articulate debate on this IL category has emerged in a number of new classi-
fi cation systems for reporting thyroid cytopathology leading to a division in subcat-
egories with different risks of malignancy [ 28 – 31 ]. The Bethesda Reporting System 
for Thyroid Cytology (TBRSTC) subclassifi ed IL in three categories: (1) atypia of 
undetermined signifi cance and follicular lesions of undetermined signifi cance 
(AUS/FLUS); (2) follicular neoplasms or suspicious for follicular neoplasm (FN/
SFN); and (3) suspicious for malignancy (SM). The two published European clas-
sifi cations, with different defi nitions, have kept the distinction of IL in three catego-
ries [ 17 ,  30 ,  31 ]. 

 The diagnosis of IL is based upon the identifi cation of microfollicles made up of 
medium-sized thyrocytes in a background with scant colloid (Fig.  3.2 ).  

  Fig. 3.2    Microfollicular 
aggregates of thyroid cells 
from a follicular neoplasm 
(LBC, Pap, 300×)       
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 In this category there is an almost complete agreement in the different clas-
sification systems in terms of malignancy risk (between 15 and 30 %). A gen-
eral consensus was evident in the therapeutic action of the surgical removal of 
the lesion, preferably after a collegial discussion. At histology an indetermi-
nate lesion may correspond to both a follicular adenoma or an adenomatous 
nodule in a goiter (70–80 % of cases) although on a morphological basis a fol-
licular carcinoma or a follicular variant of a papillary carcinoma cannot be 
ruled out. 

 An advantage of the LBC technique in IL is the possibility to apply additional 
investigations (immunocytochemistry, fl ow cytometry, molecular biology) to the 
cells left in the vial and these procedures are particularly helpful in defi ning the 
malignant risk of the lesion (see below) [ 11 ,  32 – 34 ]. Our recent experience involv-
ing an immunocytochemical panel made up of HBME-1 and Galectin-3 pointed to 
an 81 % overall diagnostic accuracy in discriminating between low and high risk of 
malignancy in follicular proliferations, which increased to 92 % when a concordant 
positive panel was applied [ 11 ,  33 ,  34 ]. 

 TBRSTC includes, in the IL category, the “follicular lesion with undeter-
mined signifi cance (FLUS)” or “atypical cells of undetermined signifi cance 
(ACUS or AUS).” The morphological criteria for diagnosing AUS/FLUS of 
TBRSTC was based on smears with cells showing architectural and/or nuclear 
atypia that are not suffi cient to be classifi ed as suspicious for follicular neoplasm 
[ 28 ,  29 ,  35 – 37 ]. The reasons for enclosing a case in this category are briefl y 
three: (1) technical problems including poor preservation or drying, artifact; 
(2) some atypical features but the amount of material is scant for a diagnosis; 
(3) atypia may be architectural or cytologic [ 28 ]. The low malignant risk indeter-
minate category has been only recently included in the European classifi cations 
although some papers concerning the effi cacy of the AUS/FLUS category of the 
Bethesda system underline some diffi culties in a correct defi nition of this cate-
gory and that some studies have reported malignancy rates similar to the follicu-
lar neoplasm category [ 22 ]. 

 The same diagnostic criteria and therapeutic actions are applied to indeterminate 
lesions composed mostly by oxyphilic (or Hurthle) cells (see Sect.  3.3 ). Smears of 
an oxyphilic lesion are categorized as “Oxyphilic or Hurthle cell neoplasm” when 
more than 90 % of the component are oxyphilic cells. These cells may feature 
nuclear enlargement and pleomorphism which are clinically irrelevant since they 
can be found in benign neoplasms or even in hyperplastic lesions [ 15 ,  38 – 40 ]. 

 Recent studies support the idea that the majority of oxyphilic neoplasms histo-
logically represent oxyphilic adenomas thus these nodules might be only followed-
 up instead of being surgically removed [ 40 ]. 

 The clinical recommendation for IL of low malignant risk (FLUS/AUS, Thy 3f, 
TIR 3A) is follow-up in most cases. During the follow-up repeat FNA is recom-
mended (after 6 months in the Bethesda classifi cation) [ 17 ,  28 ,  31 ,  41 ]. Surgery is 
the recommended option for IL of high malignant risk and oxyphilic neoplasms 
(FN/SFN, HCN/SHCN, Thy 3a, TIR 3B). Frozen section examination is generally 
not recommended [ 17 ,  28 ,  31 ,  41 ].  
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3.4     Suspicious for Malignancy 

 This category is one of the three subgroups of IL [ 17 ,  28 ,  31 ,  41 ]. These cases 
exhibit some features consistent for a diagnosis of papillary carcinoma but lack the 
presence of the major criterion (nuclear pseudoinclusions or “Orphan Annie’s eye”). 
These cases bear a risk of malignancy ranging between 60 and 80 %. With a diag-
nosis of SM the surgical consultation is strongly recommended. The intraoperative 
frozen section examination may be considered. Repeat FNA may be performed 
either in cases with poor cellularity or in those needing additional techniques for a 
better characterization.   

3.5     Malignant Neoplasms 

 Thyroid malignancy represents 4–8 % of all FNAC and the majority of them (90 %) 
are papillary thyroid carcinoma. The diagnostic accuracy of FNAC is at about 
96–100 % [ 28 ,  42 – 45 ]. This tumor type and its variants (follicular variant of PTC, 
Tall cell PTC, macrofollicular PTC) show evidence of follicular differentiation with 
the typical distinctive nuclear features. 

 The most important and common malignant tumor which should be appropri-
ately identifi ed is  papillary thyroid carcinoma (PTC) . This entity accounts for 80 % 
of all cancers. The LBC diagnosis of PTC is straightforward when the nuclear 
pseudo-inclusions (major criterion) are detected even within tridimensional clusters 
of cells with nuclear elongation and clearing (Fig.  3.3 ) [ 28 ,  29 ]. Papillary structures, 
multinuclear giant cells, typical “chewing-gum” colloid, and psammoma bodies are 
seldom identifi ed. 

 In this group we can include also the  cystic variant of PTC  in which the cytologi-
cal smear includes also histiocytes, watery fl uid, and macrophages. The diagnosis is 
based on the evidence of convincing nuclear features of PTC [ 28 ]. 

  Fig. 3.3    In the center a 
PTC cell with the distinctive 
nuclear inclusion 
(Orphan Annie’s eye) 
(LBC, Pap, 500×)       
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 Major diffi culties might be encountered in the diagnosis of a  follicular variant of 
PTC (FVPC)  because of the lack of the typical parameters. The major misleading 
parameter is the absence of papillary structures and the bland nuclear features which 
may fall short of a correct diagnosis. All the morphological parameters are subtler 
than on classical PTC smear. 

 The variants of PTC include either tumor types which share the same prognosis 
and therapeutical options of the two most important variants presented above (mac-
rofollicular, oncocytic, and cystic variants) and a few histotypes which pursue a 
more aggressive course (tall cell, columnar cell, and diffuse sclerosing variants). 
Regardless of the prognostic outlook, all these tumors show the same nuclear fea-
tures of PTC so that the diagnosis is virtually always possible in the preoperative 
phase [ 42 – 45 ]. 

 The  poorly differentiated category  of malignant neoplasm was proposed by 
Carcangiu as an intermediate malignancy between differentiated follicular neo-
plasms and anaplastic carcinomas [ 46 ,  47 ]. This category shows a variety of differ-
ent degree of pleomorphic features. 

  Anaplastic thyroid carcinoma (ATC)  is a rare and extremely aggressive thyroid 
carcinoma. It accounts for less than 5 % of all thyroid carcinoma with a very poor 
outcome and most of the patients succumb in a period of 1 year. This entity is an 
uncommon fi nding in thyroid cytology as this tumor presents a rapid growth which 
frustrates the attempts to plan a surgical strategy [ 48 ]. Cytological smears are com-
posed of variable cellularity made up of large undifferentiated polygonal or spindle 
cells mixed with necrotic debris. The aggregation of these cells and their large cyto-
plasms help in distinguishing ATC from large-cell non-Hodgkin malignant lym-
phoma, which represents, from a clinical and morphologic viewpoint, the most 
important differential diagnosis. 

  Medullary thyroid carcinoma (MTC)  represents 7 % of all thyroid carcinomas and 
can appear as a sporadic (75 %) or familiar disease (25 %) with a dominant autosomal 
mode of inheritance [ 49 ,  50 ]. The cytological diagnosis of MTC relies on the identifi -
cation of a population of both plasmacytoid and spindle cells with variable nuclear 
pleomorphism. The typical amyloid substance with dense, amorphous texture may be 
present. Although the diagnosis of MTC can be suggested by morphology alone, it is 
advisable to confi rm it by the immunocytochemical evaluation which offers the 
opportunity to identify calcitonin and CEA in the neoplastic cells [ 49 – 51 ]. 

 A  miscellaneous  group may include both benign and malignant conditions. One 
of the most controversial is hyalinizing trabecular tumor (HTA) which is a rare fol-
licular derived neoplasm which shows trabecular pattern, intratrabecular hyaliniza-
tion, and some nuclear features of PTC. For this reason, some authors consider it as 
a variant of PTC with a benign course [ 51 ]. 

 Primary thyroid lymphomas account for 5 % of all thyroid tumors and 2.5–7 % 
of all extrathyroid lymphomas [ 52 ]. .  Both Hodgkin’s disease and non-Hodgkin lym-
phoma may affect the thyroid gland although the latter outnumbers the fi rst entity. 
Several papers report that diffuse large-cell lymphomas, extranodal marginal zone 
B-cell lymphoma or mixed patterns are the most frequent types. Other types have 
also been reported including follicular and Burkitt’s lymphoma. 
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 The smear is cellular with prevalence of round non-cohesive lymphocytes. Their 
nuclei show coarse chromatin with prominent nucleoli and in some types, large 
basophilic cytoplasms may be detected (diffuse large B-cell lymphoma). The use of 
immunocytochemical markers for lymphoid lineage (LCA, CD20, bcl-6, and oth-
ers) reveals a monoclonal phenotype and is helpful in the correct diagnosis. The 
main diffi cult differential diagnosis is with Hashimoto’s thyroiditis and anaplastic 
carcinoma. The combining evaluation of morphology and application of ancillary 
techniques represent the keystone for the correct diagnosis. 

 Other primary rare entities include salivary gland carcinomas, neural tumors, 
parathyroid adenomas, thymomas, liposarcomas, and metastatic neoplasms from 
lung, breast, kidney, and laryngeal primaries [ 53 – 55 ].  

3.6     Reporting Systems for Thyroid Cytology 

 The need of a clarity of communication led to some classifi cation systems in order 
to obtain a succinct, unambiguous, and clinically useful interpretation of the FNAC 
[ 17 ,  22 ,  28 – 31 ,  56 ]. 

 An articulate debate was delivered for the follicular neoplasm category as 
emerged in a number of new classifi cation systems for reporting thyroid cytopathol-
ogy which led to a division in subcategories with different risks of malignancy [ 17 , 
 19 ,  21 ,  28 – 31 ,  41 ]. 

 In this regard several classifi cations with different tiered schemes were discussed 
including the proposals of the Papanicolaou Society, the American Thyroid 
Association, the American Association of Clinical Endocrinologists and the British 
Thyroid Association [ 28 – 31 ]. As discussed in the FN section, a conclusion was 
reached by the National Cancer Institute (NCI) State of the Science conference in 
which the Bethesda System of Reporting Thyroid Cytopathology proposed three 
subcategories of the follicular/indeterminate neoplasms including (1) follicular 
lesions of indeterminate signifi cance or atypia of undetermined signifi cance (AUS); 
(2) follicular neoplasms and hurtle cell neoplasms (FN); (3) suspicious for malig-
nancy (SM). The stratifi cation of cancer risk for each of these categories ranged 
from 5 to 75 % [ 23 ,  24 ,  32 ]. However, as emerged by several papers, one of the limit 
of this subclassifi cation of FN is the diffi cult reproducibility of the criteria even 
among expert cytopathologists [ 17 ,  19 ,  21 ,  28 – 31 ,  41 ]. 

 Recently, some authors and also Bongiovanni in a meta-analytical article under-
lined the high overall accuracy of the Bethesda System for Reporting Thyroid 
Cytopathology which can be reckoned as a valid and reliable system [ 22 ]. 

 Concerning the European scenario, except for the United Kingdom and Italy, no 
European country has a reporting system. The British Thyroid Association/Royal 
College of Pathologists subclassifi ed follicular neoplasms (FN) into the two sub-
groups of Thy3a-AUS of undetermined signifi cance and Thy3f-Follicular neoplasm 
with a good diagnostic agreement among British cytopathologists. In their system, 
any case categorized as Thy3a, Thy3f, Thy4, or Thy5 is reviewed by a multidisci-
plinary team in order to establish a correct management [ 31 ,  41 ]. Although the cur-
rent Italian classifi cation includes a single category of FN group with 20 % cancer 
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risk, a new classifi cation with a subdivision of the Follicular Neoplasm category in 
two subgroups TIR 3A (corresponding to AUS/FLUS of the Bethesda system to the 
Thy3f of the BTA/RCPath) and TIR 3B (corresponding to the FN/SFN of Bethesda 
and Thy3a of the BTA/RCPath) has been recently published [ 17 ]. As discussed in a 
recent paper by Cochand-Priollet, although the idea to extend the Bethesda unique 
project in Europe was supported by translations in the native language of some 
countries, some discrepancies and disagreement regarding the use of the Bethesda 
system occurred in the categories of AUS/FLUS and FN [ 56 ]. Furthermore, one of 
the problems, which need to be solved, is the comparison of data from different 
reporting systems.     
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        The incidence of thyroid nodules is increasing, representing a malignant neoplasm 
only in 5–15 % of cases. Preoperative, ultrasonographically guided fi ne-needle 
aspiration biopsy (FNAB) is the cornerstone of thyroid-nodule evaluation. Most 
diagnostic FNAB are read as cytopathologically benign or malignant, but 15–30 % 
remain indeterminate [ 1 ]. The Bethesda System for Reporting Thyroid 
Cytopathology (BSRTC) classifi cation defi nes indeterminate cytology as either 
atypical cells of undetermined signifi cance/follicular lesion of undetermined sig-
nifi cance (AUS/FLUS) or follicular neoplasm (FN)/suspicious for a follicular neo-
plasm (SFN) [ 2 ]. Patients with cytologically indeterminate nodules are often 
referred for diagnostic surgery, though most of these nodules prove to be benign 
postoperatively [ 3 ]. 

 In this context genetic markers may be useful as diagnostic tools, complement-
ing and integrating the information provided by cytology and improving preopera-
tive risk stratifi cation especially for indeterminate nodules. 

 Currently available tests have a limited sensitivity in excluding cancer, but may 
offer additional useful information to improve initial surgical indication and clinical 
management. 
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4.1     FNAB Material Retrieval, Conservation, Work-Up 

 To obtain biological material suitable for molecular markers evaluation fi ne needle 
aspiration biopsy (FNAB) procedures should be performed with the same modali-
ties followed for cytological purposes. Sampling can be carried out by employing a 
22 Gauge caliber on a 5–10 ml syringe, applying manual aspiration, under ultra-
sound (US) guidance. Usually, 1–3 needle passes provide enough material for both 
cytology and molecular analysis. However, in particular circumstances, more tissue 
may be necessary (Fig.  4.1 ).  

 For DNA studies, a dedicated FNAB material can be smeared on a microscope 
glass slide and air-dried or can be collected in a dedicated tube. Reliable results can 
be obtained also by washing out the needle with 3–5 ml normal saline in a collection 
tube after having prepared the smear for cytology [ 4 ]. The samples can be stored at 
room temperature for up to 12 h, but should be preferentially centrifuged, suspended 
in a small volume of normal saline (0.5–1 ml) and kept frozen at -20 °C until pro-
cessed for DNA isolation. 

 For RNA studies, material from one dedicate FNAB must be collected in solu-
tions that preserve RNA integrity, suspended in RNAse-free buffers, stored frozen, 
and processed as quickly as possible for RNA isolation. Samples collected for RNA 
studies can also be used for DNA studies, dividing the samples before nucleic acids 
isolation takes place.  

4.2     Assessment of Molecular Abnormality in Cytological 
Sample 

4.2.1     MicroRNA 

 MicroRNAs (miRNAs) are small non-coding 19–25 nucleotides long highly con-
served RNAs that potently modulate gene expression by inhibiting mRNA tran-
scription or translation [ 5 ,  6 ], possibly acting as oncogenes or tumor suppressor 
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genes [ 7 ]. miRNAs can be isolated from formalin-fi xed paraffi n embedded (FFPE) 
tissues, with good yield and quality levels [ 8 ,  9 ], and from FNAB material, achiev-
ing suboptimal yield and quality but comparable results [ 10 ]. Differential miRNA 
expression profi les have been characterized in thyroid cancers, benign thyroid 
lesions, and normal thyroid tissue [ 11 ], indicating that miRNA profi les may effec-
tively become useful in differentiating benign from malignant lesions. Indeed, 
upregulation of several miRNAs, such as miR-146b, miR-187, miR-221, and miR- 
222, has been shown in papillary thyroid cancers (PTC) [ 12 ,  13 ] while others, such 
as miR-197 and miR-346, are over-expressed in follicular thyroid cancer (FTC) 
[ 14 ]. miRNA expression has been found to differentiate between benign and malig-
nant lesions with variable accuracy in cases of indeterminate cytology [ 15 ,  16 ]. 

 Most of miRNA studies have been performed on frozen or FFPE tissues that war-
rant higher yield and better miRNA quality as compared to FNAB samples. 
Therefore, the results should be regarded with caution and need to be validated in 
large, prospective, blinded, multicenter studies.  

4.2.2     Gene Mutations 

 The identifi cation of somatic point mutations in FNAB material represents a power-
ful method to rule in thyroid malignant nodules, being feasible in routine air-dried 
smears or in syringe wash out material from FNAB.  BRAF  and  RAS  somatic hetero-
zygous mutations are indeed identifi ed by several different methods starting from 
FNAB-derived DNA with good sensitivity and accuracy [ 1 ,  17 – 29 ]. 

  BRAF  gene, located on chromosome 7q, encodes a serine/threonine kinase 
belonging to the family of RAF proteins, taking part to the MAPK transduction 
pathway [ 30 ].  BRAF  mutations, the most common mutations in PTC, are associated 
with constitutive activation of MAPK pathway and lead to follicular thyroid cell 
transformation. Their prevalence depends on the evaluated population, varying 
from 14 to 83 % of PTCs [ 31 – 34 ]. The  BRAF  V600E mutation at exon 15 is highly 
specifi c, since it almost always coincides with the presence of a PTC, representing 
a molecular marker for PTC and PTC-derived cancers. This mutation has been 
found to associate with recurrent disease, aggressive behavior and reduced iodide 
up-take [ 35 ], indicating a poorer prognosis [ 36 ,  37 ]. However, further investigation 
highlighted that  BRAF  V600E mutation is more frequent in older patients, may be 
found in metastatic lymph nodes but not in primary tumors [ 38 ], suggesting that 
BRAF mutations are not the main determinant for PTC morbidity and mortality. 
This aspect has been addressed in retrospective studies [ 39 ,  40 ], but prospective 
studies are still lacking. 

  RAS  genes encode for a family of G-proteins participating in the MAPK and 
PI3K/AKT signaling pathways. The most common somatic mutations occur at 
codon 12 and 13 of the  N-RAS  and  K-RAS  isoforms and at codon 61 of the  H-RAS  
isoform, being more frequently associated with FTC, follicular adenomas and, more 
rarely, with follicular variant of PTC [ 37 ]. The false-positive rate is high, since  RAS  
mutations have been found in thyroid nodules that turned out to be benign lesions at 
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fi nal histology. Therefore, the diagnostic sensitivity of FNAB for thyroid cancer is 
often not improved by  RAS  mutation analysis [ 41 ]. However,  RAS  mutations may 
associate with malignant transformation of follicular adenomas into FTC, pushing 
mutated thyroid cells towards dedifferentiation and aggressive behavior [ 42 ].  

4.2.3     Gene Translocations 

 Gene translocations can be investigated in FNAB material, after isolation of total 
RNA from the sample. Therefore, accurate and reliable analysis requires carefully 
collected and stored samples. 

 The  RET  gene, an acronym for REarranged during Transfection, is located on 
chromosome 10q11.2 and encodes for a tyrosine kinase receptor, which, in turn, is 
involved in the regulation of several cellular key functions [ 43 ]. Several chromo-
somal rearrangements involving the 3′ end of  RET , corresponding to the C-terminal 
kinase domain, and the 5′ end of unrelated genes, leading to a constitutive activation 
of the kinase, have been described [ 44 ]. Among  RET/PTC  rearrangements, the most 
common are  RET/PTC1  and  RET/PTC3 , the latter being more frequent in radiation- 
induced PTC [ 45 ]. The presence of a  RET/PTC  rearrangement does not invariably 
predict the presence of a cancer, since these rearrangements can be detected also in 
benign lesions, with a prevalence of 13.9–52.4 % in benign neoplasms, 10–20 % in 
PTC and ~20 % in follicular variant of PTC, while they have not been reported in 
FTC [ 46 ]. Therefore, the diagnostic value of  RET/PTC  rearrangement in FNAB 
material is limited, even though it has been reported that it might be helpful in the 
settings of FNAB with indeterminate cytology [ 24 ,  47 ]. A meta-analysis showed 
that  RET/PTC  rearrangement testing has a low sensitivity and an average accuracy 
[ 48 ], therefore,  RET/PTC  rearrangements detection does not improve the high diag-
nostic accuracy for malignancy of  BRAF  mutation testing. Indeed, the latter has a 
very high positive predictive value, even in indeterminate samples, which is not 
enhanced by simultaneous testing for both  RAS  mutations and  RET/PTC  rearrange-
ments. On the other hand, in indeterminate lesions corresponding to atypia of unde-
termined signifi cance the lack of alterations in all these three genetic markers 
corresponds to a very low cancer risk, thereby indicating a very high negative pre-
dictive value for the combination of the three molecular investigations [ 49 ]. 

 Many differentiated functions of thyrocytes such as those mediated by thyro-
globulin, sodium-iodide symporter and TSH receptor are profoundly infl uenced by 
the paired box gene 8 ( PAX8 ), located at chromosome 2 [ 50 ,  51 ]. Peroxisome 
proliferator- activated receptor gamma ( PPARγ ), an orphan nuclear hormone recep-
tor, is involved in the regulation of carbohydrate and lipid metabolism and is tran-
scribed from a gene located on chromosome 3. The chromosomal translocation 
t(2;3)(q13;p25) results in the fusion of the two genes, called  PAX8/PPARγ  rear-
rangement, which encodes for a fusion protein that, in turn, activates the PI3K/AKT 
pathway and is involved in thyroid tumorigenesis [ 52 ]. However, the presence of 
this rearrangement is not diagnostic for cancer, being identifi ed also in benign 
lesions (range 0–13 %), possibly characterizing evolutive lesions [ 53 ], on the 
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contrary a higher frequency has been detected and associates with a more favorable 
prognosis in FTC (up to ~40 %) [ 54 ,  55 ]. The  PAX8/PPARγ  rearrangement has not 
been described in PTCs. Therefore, this test may be useful when assessing cytologi-
cally indeterminate lesions, in that, when the rearrangement is detected, an accurate 
evaluation of the nodule capsule and vessels by the pathologist is suggested [ 54 ]. 
Testing for  PAX8/PPARγ  rearrangements, therefore, is burdened by a low sensitiv-
ity, but seems to have a high positive predictive value [ 48 ].  

4.2.4     Gene Amplifications 

 Among the potential molecular biomarkers that can be assayed on FNAB material for 
diagnostic purposes, also gene amplifi cations should be considered. An exemplifi ca-
tion is represented by  PI3KCA  gene amplifi cation. Indeed, in addition to activating 
mutations,  PI3KCA  gene amplifi cation has also been implicated in cancer, for exam-
ple, in ovarian and cervical cancers [ 56 ,  57 ]. The copy number gain is associated with 
increased cell growth and decreased apoptosis. The frequency of  PI3KCA  mutations 
and gene amplifi cation was investigated in thyroid carcinomas and appeared to be 
higher in follicular and in anaplastic thyroid carcinoma, rather than in papillary thy-
roid carcinoma [ 58 – 61 ]. Signifi cantly higher expression levels of  PI3KCA  gene were 
detected in cytological samples of the PTC group in comparison with the nontoxic 
multinodular goiter group ( P  < 0.05) [ 62 ]. Wu and colleagues described a strong asso-
ciation between  PI3KCA  copy number gain and high-risk clinic-pathological features 
in thyroid tumor, suggesting a potential role of that amplifi cation in thyroid cancer 
progression [ 63 ]. Indeed, further investigations are needed to determine the defi nitive 
role of  PI3KCA  gene in thyroid cancer pathogenesis and progression and to clarify its 
role of molecular biomarker in nodule diagnostic procedures.  

4.2.5     Gene Expression Variation 

 Unnecessary thyroid surgery could be avoided with a more accurate preoperative 
diagnosis of nodules based on the analysis of gene expression profi le variations. 

 Real-time PCR (RT-PCR), as well as microarray studies have been employed to 
assess different gene expression profi les in benign and malignant lesions. For 
instance, after demonstrating the usefulness of six marker genes for the molecular 
distinction of benign and malignant thyroid tumors at the surgical specimen level, 
Karger and colleagues performed RT-PCR for  ADM3 ,  HGD1 ,  LGALS3 ,  PLAB , 
 TFF3 , and  TG  in cytological material in a prospective series of cancers with proven 
histological result, to investigate whether these markers could be applied for the 
differential preoperative diagnosis.  HGD1  and  TFF3  expression levels were signifi -
cantly lower in FNAB of thyroid cancers compared with those of benign nodules 
and normal thyroid tissue. Conversely,  ADM3  and  LGALS3  expression levels were 
signifi cantly higher in FNAB of thyroid cancers compared with benign lesions. 
Using two-marker gene sets, it was possible to distinguish between benign and 
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malignant thyroid cancers with a negative predictive value (NPV) of up to 78 % and 
a positive predictive value (PPV) of up to 84 % [ 64 ]. 

 Similarly, the mRNA expression level of other 9 genes ( KIT ,  SYNGR2 ,  C21orf4 , 
 Hs.296031 ,  DDI2 ,  CDH1 ,  LSM7 ,  TC1 ,  NATH ) was tested in cytological specimen. 
A computational model was developed (i.e., Neural Network Bayesian Classifi er) 
and a multiple-variable analysis was performed to assess the correlation among the 
markers.  KIT ,  CDH1 ,  LSM7 ,  C21orf4 ,  DDI2  expression levels were signifi cantly 
different between benign and malignant tumors ( P  < 0.05) and the neural network 
classifi er, constituted by the markers used in the most predictive model along with 
 BRAF  mutational status, achieved a predictive power of 88.8 % [ 65 ].  

4.2.6     Aberrant Gene Methylation 

 Among the potential molecular biomarkers that can be assayed on FNAB material for 
diagnostic purposes, also DNA methylation should be considered. Indeed, gene pro-
moter methylation is one of the most common epigenetic alterations in human can-
cers, including thyroid carcinoma [ 66 ]. It is known that promoter hypermethylation 
usually occurs in cancer cells in order to inactivate tumor suppressor genes [ 67 ]. 

 In a recent paper, Zhang and coworkers demonstrated the feasibility of DNA 
methylation assay in FNAB material and defi ned specifi city and sensitivity of a 
panel of methylation markers for evaluating thyroid nodules. In detail, they per-
formed quantitative methylation-specifi c PCR (Q-MSP) to determine differences 
between PTC and benign nodules in the methylation levels of fi ve genes, including 
 CALCA ,  DAPK1 ,  TIMP3 ,  RAR-beta , and  RASSF1A . These genes were selected 
based on their documented relevance in thyroid cancer [ 68 ]. They found that in PTC 
methylation level of  DAPK1  was signifi cantly higher than that in benign samples 
( P  < 0.0001). Conversely, in PTC methylation level of  RASSF1A  was signifi cantly 
lower than that in benign samples ( P  < 0.003). However, their diagnostic specifi city 
and accuracy were low. The authors also investigated the relationship between 
 BRAF  mutation and gene methylation levels.  BRAF  mutation was signifi cantly 
associated with  DAPK1  methylation ( P  = 0.0009), as well as with absence of 
 RASSF1A  methylation ( P  = 0.026). Moreover, combined analysis of  BRAF  mutation 
and methylation markers increased the diagnostic sensitivity, accuracy and also 
specifi city of the molecular test [ 69 ]. 

 DNA methylation markers alone, therefore, appear to have a limited usefulness 
in the diagnosis of thyroid cancer; however, by exploiting together with other 
molecular markers could improve the diagnostic accuracy of FNAB.  

4.2.7     Veracyte Afirma Gene Expression Classifier (GEC): 
Analytical and Clinical Value 

 The search for tools to predict benignity of cytological indeterminate thyroid  nodules 
and to potentially avoid surgery on these nodules, has elicited the development 
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of a gene expression classifi er (GEC) test (Afi rma ® , Veracyte, Inc., South San 
Francisco, CA) that can be run on the FNAB sample. The Afi rma GEC is an RNA- 
based assay designed to evaluate the gene expression profi le of a given thyroid 
nodule by comparing it with the panel of 167 mRNA expression patterns (derived 
from 142 genes identifi ed originally from the Affymetrix Human Exon Array) asso-
ciated with benign nodules. It is characterized by a high sensitivity (90 %) in inde-
terminate cytology lesions to identify the signature of a benign thyroid nodule with 
95 % NPV: that is similar to the risk of malignancy in a resected thyroid nodule with 
a preoperatively benign FNA cytopathology diagnosis [ 3 ,  70 ]. Specifi cities of the 
test were low, as expected, at 53 % for AUS/FLUS and 49 % for FN/SFN. NPV 
drops to 85 % in the case of a suspicious for malignancy cytology. Veracyte cur-
rently requires 2 sets of FNA samples: one for cytological evaluation and one for 
running the gene expression profi ling (the Afi rma GEC test). The patient’s FNA 
sample is subjected to standardized cytological evaluation by the company’s inde-
pendent cytopathology examination at the thyroid cytopathology partners (TCP; 
Austin, TX). Cytological results are based on the Bethesda classifi cation. FNA sam-
ples with Bethesda categories of benign, malignant or suspicious for malignancy do 
not undergo further evaluation with Afi rma GEC and only the cytological diagnosis 
is forwarded to the ordering physician. For cytological samples with the diagnosis 
of AUS/FLUS/FN/SFN, clinicians should expect to receive a 2-part report from 
Veracyte: cytological evaluation and the GEC test result. The Afi rma GEC sample 
undergoes RNA extraction and nucleic acid amplifi cation. Processed Afi rma GEC 
samples are hybridized to a custom Afi rma Thyroid Microarray and analyzed with 
a classifi cation algorithm using linear support vector machine logic [ 71 ]. The GEC 
test result is binary and reported as benign or suspicious if the samples were ade-
quate. The genetic material is fi rst put through 6 different cassettes before applying 
the fi nal benign versus malignant classifi er. The fi rst 6 cassettes act as fi lters for rare 
subtypes of thyroid cancer and nonfollicular cell-derived tumors (malignant mela-
noma, renal cell carcinoma, medullary thyroid cancer, and parathyroid tissue), 
which prevent the material from being scored by the main thyroid classifi er. The test 
has a false-negative rate of 5–15 % and, therefore, a new assessment is important if 
the nodule enlarges or clinical suspicions arise. Furthermore, a PPV for a suspicious 
test result is only 38 %. Two prospective multicenter studies evaluated the negative 
predictive value (NPV) for the Afi rma GEC, which is the key diagnostic perfor-
mance metric used to make a decision to monitor patients in lieu of referral for 
diagnostic thyroid surgery [ 3 ,  70 ]. Both studies utilized diagnosis of the surgical 
pathology specimen by a central panel of blinded academic endocrine histopatholo-
gists as the reference standard for clinical validation [ 71 ]. In one of these studies, 
the rate of malignancy was nearly equivalent in AUS/FLUS and FN/SFN (24 % vs. 
25 %) [ 3 ]. This rate is not representative of the general risk of malignancy observed 
for AUS/FLUS lesions (5–15 %). Thus, the AUS/FLUS groups in the studies may 
not have been representative of the general population. This observation opens the 
issue of the need for more studies aimed at extending the evaluation of the analytical 
performance of Afi rma GEC on much larger population layers in an international 
setting. Moreover, the high rate of false-positive results and not the negligible rate 

4 Molecular Markers in Thyroid Fine-Needle Aspiration Biopsies



44

of false negatives narrows the indications of the test, cutting away the suspicious for 
malignancy cytology, burdened by a too high risk of malignancy making a false- 
negative rate of 5–15 % unacceptably high, and the nonsuspicious AUS/FLUS, 
where the risk of malignancy (5–15 %) is equivalent to the false-negative rate and 
the high false-positive rate may confound the evaluation and management of benign 
nodules [ 2 ].   

4.3     Impact on Diagnosis 

 The availability of molecular markers has improved the diagnostic performance of 
FNAB in many settings. The major diagnostic contribution is expected in the group 
of cytological indeterminate nodules, where the available tests may be helpful in 
ruling in (mutation panels) or ruling out (GEC) thyroid cancer. This approach 
should ideally allow to avoid surgery in nodules that are benign, and to indicate 
therapeutic (and not diagnostic) surgery when the nodule is malignant. However, 
the currently available molecular tests have failed to offer both high sensitivity and 
high specifi city. GEC demonstrated high sensitivity and high negative predictive 
value in samples having a low risk of malignancy (the “rule out” option). This 
approach would allow applying a conservative follow up and avoid diagnostic 
lobectomy for nodules, which are very likely to be benign follicular hyperplastic 
nodules, sparing resources and securing patients quality of life. On the other hand, 
this approach has a low specifi city, and therefore is not optimal for identifying can-
cer. Conversely, mutation panels have a high specifi city and positive predictive 
value (the “rule in” option) for cancer, allowing identifying malignant nodules to be 
addressed to therapeutic surgery. However, a negative test does not correspond to 
the absence of cancer, indicating the need for diagnostic surgery in the presence of 
an indeterminate cytology [ 72 ]. Ideally, both “rule in” and “rule out” testing should 
be performed when cytology is not informative, but the cost of this approach may 
override the clinical benefi t for the patient. 

 Molecular testing has also been demonstrated to increase diagnostic sensitivity 
and accuracy for thyroid cancer in cytological benign nodules [ 4 ,  18 ], allowing 
anticipating the diagnosis of thyroid cancer through the detection of malignant 
lesions at a lower disease stage [ 49 ]. Most of the gathered experience is related to 
the  BRAF  mutation, whose detection by solid and validated techniques is strongly 
associated with PTC. Several reports indicate that diagnosis of thyroid cancer can 
be signifi cantly improved by simultaneous testing for multiple mutations, as stated 
above, such as  BRAF  and  RAS  mutations as well as  RET/PTC  and  PAX8/PPARγ  
rearrangements [ 47 ,  72 ,  73 ]. The identifi cation of one of these genetic derange-
ments may help in characterizing the risk of malignancy of a thyroid nodule, allow-
ing a more accurate risk stratifi cation for the patient and assisting the clinician in 
choosing patient management, especially in the settings of a nodule with indetermi-
nate cytology. However, it must be underlined that more recent evidence indicates 
that  BRAF  analysis is superior to other mutation tests, such as  RAS  mutations and 
 RET/PTC  rearrangements, even when performed in combination [ 49 ], for the 
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diagnosis of PTC. These discrepancies may be due to the different inclusion criteria 
employed in the sample selection (i.e., the investigated thyroid nodules) in the dif-
ferent studies, which are linked to a different pre-test probability of being a cancer. 

 The diagnostic impact of genetic derangements needs to be validated by prospec-
tive multicenter clinical studies, also assessing analytic validity and clinical utility 
as well as cost-effectiveness.  

4.4     Impact on Surgical Choice 

 Molecular markers assayed on FNAB material might also harbor a prognostic sig-
nifi cance and be useful to defi ne the more appropriate surgical strategy according to 
the estimated aggressiveness of the lesion. 

 In particular, genetic markers – including mutations in  RAS ,  PIK3CA ,  AKT1 , 
 PTEN ,  p53 ,  CTNNB1 ,  ALK , and  TERT  genes – show promise [ 74 ,  75 ]. However, the 
best-defi ned prognostic marker for thyroid carcinomas, namely PTC, is  BRAF  
mutation [ 39 ,  40 ,  76 – 81 ]. 

 The high NPV for recurrence of a  BRAF  negative test has suggested its use in 
clinical practice, especially in the preoperative planning where it can help to deter-
mine the extent of initial surgery [ 74 ]. 

 In the absence of clinical and sonographic lymph node involvement, the accom-
plishment of a prophylactic central compartment lymph node dissection in all thy-
roid cancer surgeries is controversial [ 82 ]. Several studies have shown that 
prophylactic central compartment lymph node dissection reduces postoperative thy-
roglobulin levels and may decrease local regional recurrences. However, no study 
has demonstrated a reduction in disease-specifi c mortality [ 83 – 86 ]. Moreover, pro-
phylactic central compartment lymph node dissection has been associated with a 
higher rate of postsurgical hypoparathyroidism and laryngeal nerve damage even 
when the procedure was performed by high volume surgeons [ 85 ]. In PTC,  BRAF  
mutation has appeared as a signifi cant predictor of central compartment lymph node 
metastasis on both univariate (OR 8.4,  P  = 0.01) and multivariate (OR 9.7,  P  = 0.02) 
analyses [ 87 ,  88 ]. Thus, preoperative  BRAF  mutation detection has been suggested 
to be one way to identify PTC patients who would best benefi t from prophylactic 
central compartment lymph node dissection [ 75 ]. Several studies have also reported 
that  BRAF  mutation positive papillary thyroid microcarcinomas (PTMC) are char-
acterized by higher rates of extrathyroidal tumor extension and cervical lymph node 
metastasis [ 89 ,  90 ]. Although the majority of PTMC are indolent, a subset of these 
tumors can behave aggressively leading to recurrence and mortality. Very recently, 
Niemeier and coworkers developed a molecular-pathological (MP) score for PTMC 
that included  BRAF  status and three histopathological features: superfi cial tumor 
location, intraglandular tumor spread/multifocality, and tumor fi brosis. This risk 
stratifi cation model appeared a good predictor of extrathyroidal tumor spread and 
tumor aggressiveness measured as lymph node metastases or tumor recurrence [ 91 ]. 
In this context, a positive preoperative testing for  BRAF  mutation in a PTMC might 
induce a change in the surgical strategy moving from the American Thyroid 
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Association-recommended lobectomy to a more radical total thyroidectomy [ 74 ]. 
However, there is still no prospective evidence that this approach will favorably 
change the outcome of these low-risk patients.  

4.5     Future Perspectives 

 FNAB is the most reliable preoperative test to diagnose thyroid cancer. Although 
FNAB is able to classify thyroid nodules as benign or malignant in the majority of 
cases [ 1 ], nondiagnostic or indeterminate cytological results occur in up to 30 % of 
thyroid FNAB specimens, underlying the need for molecular biomarkers that help 
to increase its diagnostic accuracy. 

 In the last decades, several efforts have been made in the development of molec-
ular tests for cancer diagnosis in thyroid nodules. Panels of gene expression markers 
[ 92 ], as well as somatic mutation panels [ 73 ,  93 ] have improved the preoperative 
diagnostic accuracy for patients with indeterminate cytology, and will become an 
important tool for diagnosis in the future. 

 Signifi cant progress in the understanding of thyroid cancer genetics, as well as 
advances in high-throughput technologies have contributed to molecular test 
improvement. Recent results from The Cancer Genome Atlas (TCGA) project pro-
vided a comprehensive genomic profi le of thyroid cancer [ 94 ]. New driver muta-
tions were identifi ed in PTC, either entirely novel ( EIF1AX ) or novel alterations of 
known drivers ( RET ,  BRAF , and  ALK  fusions). These discoveries have substantially 
decreased the “dark matter” of the PTC genome. PTC cases with unknown genetic 
driver have been reduced from 25 % to less than 4 %, which should improve molec-
ular diagnosis. The current availability of targeted Next-Generation Sequencing 
(NGS) offers a convenient and cost-effective technique for detection of most of 
TCGA driver alterations also in those challenging samples like FNA specimens. 
The sensitivity, speed, and reduced cost per sample make it an attractive method 
compared to other available clinical tests. 

 Beyond their diagnostic role, molecular markers in FNAB specimens are 
expected to have an enormous impact on cancer prognosis. Pre-surgical identifi ca-
tion of more aggressive tumors should facilitate optimal management of thyroid 
cancer patients, and their stratifi cation into clinically meaningful categories. Indeed, 
predictive factors will guide the extent of initial thyroid surgery, select treatment 
options, and determine eligibility for clinical trials. The prognostic value of  BRAF  
mutation has long been debated. TCGA study indicates that  BRAF -mutated PTC 
represents a heterogeneous group of tumors, consisting of different molecular sub-
types, with variable grade of thyroid differentiation. This may explain the uncer-
tainty regarding the prognostic role of  BRAF  mutation [ 39 ,  40 ] and support the 
conclusion that it cannot be used alone as prognostic marker. Otherwise, the pres-
ence of several driver mutations in thyroid cancer may indicate a more aggressive 
tumor behavior. Co-occurrence of  BRAF  or  RAS  mutation with  TP53, PIK3CA,  or 
 AKT1  has been observed in poorly differentiated, anaplastic thyroid cancers [ 58 ,  59 , 
 95 ], as well as in aggressive PTCs [ 94 ]. In this context, targeted NGS-based 
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approaches are particularly useful to detect more variations at the same time in 
small samples, increasing sensitivity and negative predictive value of the test. 
Moreover,  TERT  promoter mutations have been found in thyroid cancer, with higher 
prevalence in aggressive, less differentiated thyroid carcinoma [ 94 ,  96 ,  97 ], suggest-
ing its role as prognostic molecular marker for cancer in thyroid nodule. 

 As demonstrated in thyroid TCGA study, multi-level approaches involving 
mutational analysis as well as miR/mRNA expression profi ling may help to defi ne 
clinically relevant subclasses of thyroid tumors. Combined methods will offer mul-
tiple markers for cancer diagnosis in FNA specimens, increasing positive predictive 
value (i.e., in  RAS -mutated cases) or preoperatively identifying subset of aggressive 
cancers. 

 Additional studies will be needed to defi ne molecular signature useful for the 
pre-surgical management of patients. Through these advances, molecular diagnos-
tics will improve thyroid patient care.     
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5.1            Introduction 

 The last 20 years have observed the proposal of several minimally invasive tech-
niques for non-surgical treatment of thyroid nodules. This chapter describes, on the 
basis of our experience and of a brief literature review, the effi cacy, safety, cost- 
effectiveness and current clinical indications of the fi rst of these procedures: percu-
taneous ethanol injection (PEIT). 

 The injection of ethanol into the tissues induces a chemical injury of the cells and 
small vessels that is followed by sclerotic changes and shrinkage of the target area. 
Fibrosis is the fi nal result of the process of cell dehydration and protein denatur-
ation, and is followed by coagulative necrosis, small vessel thrombosis and haemor-
rhagic infarcts [ 1 ,  2 ]. The use of the toxic properties of ethanol for therapeutical 
purposes dates up to the fi rst half of the 1980s, when PEIT was originally described 
for the minimally invasive treatment of hepatocellular carcinoma, renal cysts and 
hyperplastic parathyroid glands in patients with secondary hyperparathyroidism 
[ 3 – 7 ]. In the subsequent years, PEIT was extended to thyroid cystic lesion and 
autonomous functioning nodules (AFTNs) with promising results [ 8 – 12 ]. Currently, 
PEIT is acknowledged as the fi rst-line non-surgical treatment for relapsing benign 
thyroid cysts [ 13 ]. 
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 The use of PEIT for toxic nodules and AFTNs was widely employed along the 
1990s. Since then, however, this practice progressively declined, due to its contro-
versial long-term results and low tolerability. Presently, PEIT is considered for toxic 
and pretoxic solid thyroid nodules only in few specifi c conditions [ 13 ].  

5.2     Cytological Assessment 

 The fi rst step in considering PEIT treatment for a thyroid lesion is to rule out malig-
nancy. Hence, a repeat cytological evaluation by fi ne needle aspiration sonographic- 
guided biopsy (US-FNA) is indicated in all nodules that are considered for PEIT. 

 US-FNA assessment is strictly required for solid thyroid nodules before treat-
ment with minimally invasive procedures. Its utility in purely cystic thyroid lesions 
is uncertain due to the low prevalence of malignancy and the low reliability of cyto-
logical sampling. In fact, because of the sparse number of follicular cells in cystic 
lesions sampling, FNAUS results are frequently classifi ed as non-diagnostic [ 14 ]. In 
some cases, moreover, it may be diffi cult to distinguish the benign cyst-lining cells 
from those of a cystic papillary carcinoma [ 15 ]. To overrule this problem, in the 
recent Italian Consensus for Classifi cation and Reporting of Thyroid Cytology [ 16 ], 
the non-diagnostic class (TIR 1) was divided in two subgroups. The second cate-
gory (TIR 1C) is characterized by absence or rare follicular cells but presents a large 
amount of homogeneous colloid and is suggestive for benign cystic nodule [ 16 ]. 

 In case of complex, mixed-structured thyroid nodules, to limit the haemorrhagic 
and infl ammatory changes occurring within the nodule after the initial fl uid aspira-
tion [ 17 ], it is appropriate to fi rst biopsy the solid component of the nodule. In a 
surgical series of 34 patients operated because of large cystic lesions, recurrent after 
initial aspiration, the rate of malignancy was as high as 12 % (4 cystic papillary 
carcinoma), and a review of the literature confi rmed a high median prevalence of 
cancer (15 %) in cystic thyroid nodules that underwent surgery [ 18 ]. These data 
from surgical series, however, are fl awed by selection bias. The actual rate of malig-
nancy in the whole population of cystic nodules that are met by endocrinologists in 
their everyday’s clinical practice is quite low, likely less than 1 % [ 19 ]. As a whole, 
these data recommend the routine use of US FNA to rule out malignancy in cystic 
thyroid nodule referred to PEIT, with a careful attention to large (>3 cm) lesions 
with a thick and irregular solid wall. 

 Cytological assessment of hyperfunctioning (hot) nodules and AFTNs is gener-
ally not recommended [ 13 ]. Nevertheless, a non-negligible rate of malignancy 
(3.1 %) has been reported in AFTNs in a recent revision of the literature [ 20 ]. 
Moreover, prediction of malignancy in hot nodules may be diffi cult on clinical and 
US basis. Monzani et al. reported a case of papillary cancer in a series of 12 patients 
treated with surgery because of PEIT failure [ 2 ]. Based on these considerations, 
FNAUS should be always considered for AFTNs that are candidate to PEIT, espe-
cially in high-risk patients, multinodular goitres, and in cases with suspicious sono-
graphic features [ 20 ]. 
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5.2.1     Technique 

 The patient should be placed in a supine position with the neck fully stretched by 
means of a low pillow under his/her shoulders. To avoid the risk of bacterial con-
tamination of the lesion, a careful disinfection of the neck skin should be performed, 
a sterile sheet should be placed over the patient’s chest and sterile devices and dis-
posables (e.g. probe cover, US gel, needles and gloves) should be used during the 
manoeuvre. To avoid an accidental contact of ethanol with patient’s eyes, glasses 
can be used. Local anaesthesia is necessary to prevent patient’s discomfort only if 
large needles (<21 gauge) are required for the drainage of dense thick collections. A 
preliminary US examination of the thyroid gland and the neck is necessary before 
proceeding to PEIT to select the appropriate point of needle insertion and the needle 
path. Nodule diameters and volume should be assessed before treatment and a com-
plete pretreatment set of images should be stored for comparison with the changes 
after treatment. US guidance and monitoring are mandatory throughout the proce-
dure (Figs.  5.1  and  5.2 ).   

 Needle insertion may be performed according to two different approaches: using 
a needle pointing device (US-guided) or with a free-hand (US-assisted) technique 
[ 30 ]. No head-to-head studies have been carried out to compare the outcomes of 
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  Fig. 5.1    Percutaneous ethanol injection: procedure of treatment. ( a ) Fluid drainage. ( b ) Needle 
tip within the fl uid area of nodule. ( c ) Near total fl uid removed. ( d ) Ethanol infusion       
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PEIT performed with either of these two approaches. US-assisted technique usually 
requires well-trained operators because the needle path cannot be assessed before 
the procedure and the progression of the needle tip toward the target lesion needs a 
continuous monitoring. The use of a needle pointing device allows a more rapid and 
safe insertion but obliges the operator to a fi xed entry site and does not allows 
changes in needle positioning. This approach may represent a limit during the pro-
cedure, especially in case of complex cystic lesions of the thyroid, which often 
require a repositioning of the needle during the manoeuvre. Alternatively, after the 
use of the needle pointing device for guiding needle insertion, the tool may be 
removed from the US probe to widen the range of needle movements within the 
target lesion. 

5.2.1.1     Cystic Nodules 
 The fi rst step is the near complete drainage of the fl uid component from the lesion. 
Fluid aspiration is facilitated by the use of a syringe holder (e.g. the Cameco pistol) that 
makes easier to reach an effective negative pressure. After fl uid extraction, the aspirat-
ing syringe is substituted with one containing 95 % sterile ethanol. Alcohol is carefully 
and gently injected into the remaining, near virtual, cavity of the cyst. In order to limit 
the risk of needle displacement during syringe changes, a 20 cm plastic tube connect-
ing the syringe to the needle, possibly furnished with a T clamp system, can be used. 
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  Fig. 5.2    Long-term results of percutaneous ethanol injection treatment of a large cystic lesion of 
the thyroid gland. ( a ) Baseline volume: 19 cc. ( b ) Ethanol injection after fl uid drainage. ( c ) 6 
months after treatment nodule volume: 2.1 cc. ( d ) 24 months after treatment nodule volume: 0.6 cc       
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During US monitoring, the infusion of ethanol is easily visualized as a hyperechoic 
cloud slowly refi lling the cyst cavity. The ethanol infused into the cavity of thyroid 
cysts can either be removed within a short period (e.g. 3–5 min) of time or may be left 
inside the cyst, to ensure a more protracted activity. The second option is widely 
adopted because re-aspiration of the injected ethanol seems not necessary for decreas-
ing the risk of ethanol leakage and peri-thyroidal fi brosis [ 21 ]. No major differences in 
effi cacy between the two treatment modalities are reported, while ethanol removal was 
reported to be associated to a higher rate of discomfort for the patient [ 22 ]. 

 The volume of injected ethanol generally corresponds to 35–50 % of the volume 
of the fl uid drained from the cystic lesion. Cho et al. reported a signifi cantly better 
outcome when the amount of ethanol injected into the thyroid cysts was > 10 ml 
[ 22 ]. However, the exact ethanol amount should be tailored according to the size 
and structure of the lesion, the operator opinion during the procedure and the patient 
compliance.  

5.2.1.2     Viscous Cystic Nodules 
 About 30 % of the large and about 10 % of the small-size cystic nodules are charac-
terized by a highly viscous content [ 13 ,  14 ]. When the fl uid collection is dense, the 
use of a 18-gauge needle should be considered for its drainage. If colloid material 
cannot be aspirated even with a 18-gauge needle, cyst decompression is very diffi -
cult to be attained and surgery remains the main therapeutic option [ 23 ]. Alternatively, 
in very viscous cysts, a two-step treatment has been suggested: fi rst, a small amount 
of ethanol (e.g. 0.5–1.0 ml) is injected in the attempt to make the dense content 
more fl uid. Then, 2 weeks later, a regular treatment of cystic nodule may be 
attempted after the occurrence of an at least partial colloid fl uidifi cation [ 24 ,  25 ]. 
This two-step PEIT procedure for viscous nodules is anedoctically reported to be 
effective, with results apparently comparable to those obtained in pure fl uid nodules 
[ 23 ,  24 ], but no controlled trials are available. A second approach is the drainage of 
the dense colloid collection, after a local anaesthesia with xylocaine, by means of a 
large (16-gauge) needle connected to a suction pump. The injection of ethanol is 
postponed to 10 min, using an amount of alcohol corresponding to 50 % of the 
aspirated fl uid. This approach was reported to attain a signifi cant decrease of the 
volume of thyroid cysts with viscous component (78 % and 95 % at 1- and 6-months 
examinations, respectively [ 26 ].  

5.2.1.3     Complex Nodules 
 In complex thyroid lesions, PEIT procedure is similar to that employed for “pure” 
cystic nodules, but multiple treatments are often required because the cavity is usu-
ally multiloculated. The volume reduction appears in these cases less striking to the 
persistence of the solid component of the lesion.  

5.2.1.4     Solid Nodules 
 In solid lesions, a pre-existent cavity is lacking and the diffusion of the injected 
ethanol is erratic [ 30 ]. Hence, multiple areas of the nodule should be treated with 
minimal amounts (0.1–0.3 mL) of ethanol during each session. This approach is 
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necessary to prevent the seepage of ethanol into the thyroid capsule and the 
 surrounding cervical tissues and the consequent occurrence of sharp neck pain 
and of possible fi brosis. For solid cold nodules, the injection of a total ethanol 
dose of 20–30 % of the pretreatment nodular volume is suggested. Ethanol injec-
tion should be immediately stopped in case of uneven intranodular diffusion of 
alcohol, ethanol seepage outside the nodule, or complaint of severe pain during 
the procedure [ 27 ]. 

 On the basis of the reported series, the volume reduction of cold nodules after 
PEIT is not strictly related to the amount of ethanol injected. A similar reduction 
(about 50 %), in fact, may be achieved in cold nodules with the injection of a vol-
ume of ethanol corresponding either to 20 %, 25 % or 50 % of the baseline nodule 
volume [ 28 ]. To achieve a more relevant volume reduction (up to about 75 %), 
Caraccio et al. used a high cumulative ethanol dose (up to 130 % of the pretreatment 
nodule volume) [ 29 ]. This report confi rms the absence of a precise correlation 
between the volume of injected ethanol and the obtained nodule shrinkage. The use 
of high cumulative doses of ethanol to obtain an additive reduction of 25 % versus 
the baseline nodule volume seems questionable in clinical practice. Even if the effi -
cacy of multiple sessions of PEIT for very large thyroid nodules has been claimed 
[ 30 ], in clinical practice the need of repeated PEIT sessions makes the treatment of 
solid thyroid lesions as scarcely cost-effective when compared to surgery. 

 Once the injection has been completed, the fi nal infusion (0.5–1 ml) of saline 
solution or lydocaine may prevent, by fl ushing the needle, the transient but some-
times sharp pain that may follow the needle extraction, due to ethanol leakage into 
the thyroid capsule or the surrounding cervical tissues. 

 In skilled hands, PEIT is devoid of major side effects, provided some points of 
caution are accomplished: (a) the needle tip should be clearly seen along the entire 
phase of ethanol infusion; (b) the procedure should be immediately stopped if the 
needle position is not clearly defi ned; (c) the occurrence of progressive resistance to 
the injection of ethanol should stop the manoeuvre and the needle position should 
be verifi ed before a further ethanol injection; (d) the occurrence of cough or pain 
should make immediately stop the infusion [ 31 ]. A complete patient information 
and his/her reassurance before the procedure are of pivotal importance for the toler-
ability and safety of PEIT [ 13 ]. The experience of the operators, the patients’ com-
pliance and the quality of US imaging infl uence the fi nal outcome of the procedure 
and the risk of complications. These factors may explain the reduced rate of side 
effects and complications reported in more recent studies [ 32 ,  33 ].   

5.2.2     Assessment of the Response to PEIT 

 Nodule volume reduction is the outcome more frequently reported in studies focused 
on PEIT treatment of thyroid lesion. The size of thyroid nodules is usually assessed 
by ultrasound and is calculated by means of the ellipsoid formula (D1 × D2 × D3 × 0.52) 
[ 34 ] before and 6–12 months after the procedure. For pure cystic lesions, devoid of 
a solid component, a volume reduction from 50 to 89 % may be defi ned as a partial 
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response, while a volume reduction greater than 90 % may be considered as a com-
plete response [ 30 ,  35 ]. 

 Pressure and/or cosmetic symptoms should be assessed before and 6–12 months 
after PEIT. Patients are asked to rate local symptoms on a ten-step visual analogue 
scale, while physical fi ndings are registered by the physician on a 1–4 cosmetic 
score based on palpation and inspection [ 28 ,  36 ,  37 ]. Even if volume decrease is 
usually correlated to the amelioration of the symptoms/cosmetic scores of the 
patients [ 27 ], these last parameters should always be separately considered to defi ne 
the actual treatment effi cacy and the improvement of the quality of life. 

 In AFTN or “toxic” nodules, the response to PEIT may be defi ned as a positive 
if, together with the reduction of the volume and of the pressure and/or cosmetic 
symptoms, serum TSH and thyroid hormones (FT3, FT4) return within normal 
levels 6–12 months after treatment [ 35 ]. PEIT treatment may be considered “com-
plete” when all the nodules appear perfused from the injected ethanol with no 
colour-Doppler signal detectable after the procedure. Anyway, in some occasions, 
hyperfunctioning tissue is still present at scintiscan even when colour-Doppler 
signals are undetectable [ 38 ]. An abundant vascularization of the nodule is a nega-
tive predictor of successful response, as it may cause a rapid drainage of ethanol 
(“syphon effect”), resulting in a partial neutralization of the chemical damage and 
a consequent lower success rate of the procedure [ 39 ]. In case of AFTN, total 
disappearance of the “hot” nodule and a complete recovery of extranodular uptake 
at scintiscan may be viewed as a complete response to PEI [ 30 ]. The failure of 
treatment is indicated by still undetectable TSH levels during the post-treatment 
follow- up [ 35 ].  

5.2.3     Side Effects 

 The tolerability of PEIT is fairly good and its side effects are few and transient. 
Discomfort and pain are reported as similar to those experienced by patients under-
going FNAUS. Only a minority of patients treated with PEIT complain of a slight to 
moderate pain, lasting for several minutes after the procedure and of a subsequent 
local tenderness lasting 2–3 days [ 27 ]. 

 Pain is rare when predominantly cystic lesions are treated [ 40 ]. Instead, treat-
ment of solid nodules, especially when deeply located or close to the thyroid cap-
sule, may be very painful because of extranodular ethanol leakage. This event may 
be followed by a perilesional fi brosis that could negatively infl uence a successive 
surgical treatment, if required [ 41 ]. During needle withdrawing, a small amount 
(0.5–1.0 ml) of xylocaine or saline solution may be injected to avoid the back- 
diffusion of alcohol along the needle tract and to prevent the occurrence of local 
pain [ 42 ]. Some authors suggested to add 1 g of oral paracetamol or salicylate to the 
local anaesthesia with lidocaine before ethanol injection [ 27 ], but this measure 
seems not to be necessary in ordinary practice. 

 Dysphonia is a rare adverse effect in PEIT treatment of thyroid cysts. This com-
plication, on the other hand, is not infrequent (1–4 %) when solid nodules are 
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treated. Dysphonia is due to the chemical injury induced to the laryngeal nerve by 
the extracapsular diffusion of the injected ethanol. This complication, fortunately, in 
most cases recover in few weeks after a short course of steroid therapy [ 35 ]. To early 
diagnose a potential nerve injury, the patient is asked to pronounce some words 
immediately after the conclusion of ethanol injection [ 42 ]. To minimize the risk of 
leakage, the operator should inject ethanol slowly and at a low pressure, especially 
in case of already treated, fi brotic lesions, and carefully monitor the location of the 
needle tip within the nodule. The sudden onset of intense pain or cough, in the 
absence of US signs of haemorrhagic swelling inside or around the nodule, may 
signal the extrathyroidal leakage of ethanol [ 31 ]. 

 Two cases of injury of cervical sympathetic chain, followed by transient Horner’s 
syndrome, have been reported after PEIT treatment of thyroid nodules [ 43 ]. 

 In euthyroid patients, PEIT is not followed by signifi cant changes of serum TSH 
and thyroid hormone levels [ 31 ]. The onset of hyper- or hypothyroidism, associated 
with development of serum auto-antibodies, was occasionally reported [ 27 ,  41 ]. A 
case of Graves’ ophthalmopathy in a patient previously treated with PEIT was anedec-
totally reported. No evidence, however, demonstrates a possible relationship between 
ethanol injection and induction of an anti-thyroidal autoimmune response [ 44 ]. 

 When treating toxic nodules with PEIT, a prophylactic treatment with β-blockers 
may be appropriate to prevent the possible exacerbation of thyrotoxic symptoms, 
usually caused by a transient increase in serum levels of thyroid hormones [ 35 ]. 
Blood pressure should be monitored after the administration of β-blockers, because 
hypotension, due to the combined effect of the drug and of the peripheral vasodila-
tation induced by metabolites of ethanol (acetaldehyde acetate), has been reported 
in few cases [ 45 ]. Other major side effects such as cervical haematoma, ipsilateral 
facial dysesthesia, jugular vein thrombosis and septic complications have been 
occasionally described. The most relevant complication up to now reported is a 
single case of chemical necrosis of the larynx combined with necrosis of cervical 
tissues in a patient treated with PEIT for an AFTN [ 46 ]. Severe side effects and 
major complications, however, are always the consequence of inappropriate modal-
ities of treatment and surveillance of the procedure.   

5.3     PEIT of Thyroid Cysts 

5.3.1     Rationale 

 Thyroid nodules may be defi ned as cystic if the fl uid component is >60 % of their 
volume. Pure cysts and, more frequently, pseudocystic lesions represent a common 
fi nding (likely 25–30 % of all thyroid nodules detected by US) in clinical practice 
[ 31 ]. The majority of large cystic thyroid lesions is caused by intralesional bleeding 
and/or degeneration of a pre-existing nodule and their fl uid content is made of col-
loid, blood and necrotic debris. Haemorrhagic cystic lesions present suddenly with 
neck tenderness, pain and pressure symptoms. Their spontaneous regression is pos-
sible but most of these lesions persist, frequently grow over time, and usually recur 
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after aspiration [ 47 – 51 ]. Since drainage results in a stable regression only in a 
minority of cases, further modalities of treatment should be considered [ 36 ]. LT4 
suppression therapy was demonstrated as scarcely effective in prevent cyst recur-
rence in several randomized trials. Prolonged TSH suppression, moreover, may 
cause minor adverse effects, osteoporosis or atrial arrhythmia [ 52 ,  53 ]. Surgery has 
therefore long been viewed as the standard therapeutic approach for cystic nodules, 
especially if large and symptomatic [ 18 ]. In the last two decades, due to the excel-
lent clinical results provided by a number of different studies [ 21 ,  23 ,  30 ,  35 – 37 ,  40 , 
 50 ,  51 ,  54 – 57 ], PEIT has become the fi rst-line treatment for thyroid cystic lesions 
[ 13 ,  58 ,  59 ]. Various agents have been proposed for the sclerotherapy of thyroid 
cysts (sodium tetradecyl sulphate, hydroxypolyaethoxydodecan, tetracycline, 
OK-432) [ 51 ,  60 ] but ethanol injection should be considered as the most cost- 
effective of them.  

5.3.2     Results 

 PEIT treatment may be defi ned as successful if it results in a ≥50 % reduction of 
baseline cyst volume. This outcome is achieved in the vast majority (about 70–90 %) 
of patients, with a mean volume decrease ranging from 65 to 95 % [ 35 ]. Interestingly, 
a correlation between baseline and fi nal volume is not generally observed in cystic 
lesions [ 35 ]. In addition to volume measurement, many studies report other param-
eters, like pressure or cosmetic symptoms, rated accordingly to specifi c scale val-
ues. Amelioration of local symptoms and cosmetic complaints usually mirrors the 
entity of volume decrease and is commonly observed in more than 2/3 of the treated 
patients [ 27 ,  36 ]. Stable symptoms improvement occurs more frequently after PEIT 
than after simple cyst drainage [ 35 ,  40 ,  56 ]. This evidence was provided by a pro-
spective randomized study which compared the results of ethanol injection versus 
isotonic saline fl ushing, both followed by fl uid aspiration. US control indicated a 
clear superiority (82 % vs. 48 % cure rate) of PEIT [ 40 ]. PEIT outcomes are persis-
tent in the long term, with an exceedingly low recurrence rate (3.4 % and 6.5 % over 
5 and 10 years, respectively) [ 23 ,  35 ]. 

 It has long been debated if PEIT has a similar effi cacy in case of large (>40–
50 ml) cysts as well [ 30 ,  40 ]. A large initial volume, anyway, is not clearly corre-
lated with an unsuccessful outcome [ 21 ,  23 ,  35 ,  54 ,  57 ]. According to some studies, 
the reduction of the lesion volume is directly correlated to the amount of drained 
fl uid and to that of instilled ethanol [ 21 ,  51 ]. On the other hand, the nodule structure 
exerts a main impact on the fi nal outcome. As a rule, complex cysts and “mixed” 
nodules with a large solid component are less susceptible of a marked and stable 
volume reduction as compared to (nearly) “pure” cysts. Moreover, the fi rst ones 
usually require a prolonged treatment with multiple PEIT sessions [ 30 ,  35 ,  51 ,  57 , 
 61 ]. Hence, when dealing with complex cysts, the best results are obtained in 
smaller lesions [ 30 ,  35 ]. Another possible obstacle to a successful PEIT procedure 
is the quality of the cyst content [ 21 ,  37 ,  51 ]. A high viscosity of the fl uid, usually 
predicted by the US appearance of the colloid collection, should suggest the use of 
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large bore needles for the drainage. The chemical and physical properties of the 
fl uid content, however, may change and the fi nding of a content too viscous to be 
fully drained does not invariably predict a poor treatment outcome (see the tech-
nique section for further details) [ 24 – 26 ]  

5.3.3     Indications for Clinical Practice 

 PEIT should be used as the fi rst-line treatment for thyroid cystic lesions after the 
risk of malignancy has been ruled out [ 13 ,  59 ,  62 ]. The impact of this approach in 
clinical practice is relevant because pseudocystic lesions are frequent (25–30 % of 
all thyroid nodules detected by US) and are frequently growing over time [ 48 ]. In 
comparison with surgery, PEIT is extremely less expensive, presents a nearly negli-
gible risk of permanent complications and is not followed by the need of lifelong 
substitution therapy.   

5.4     Autonomously Functioning Thyroid Nodules (AFTNs) 

5.4.1     Rationale 

 AFTNs are benign neoplasms, usually monoclonal, associated to a variable degree of 
thyroid hyperfunction. The disease may be classifi ed in two subgroups according to 
thyroid hormone levels: (a) pretoxic nodules, when TSH is undetectable but thyroid 
hormone are within the normal limits, and (b) toxic nodules, when undetectable TSH 
is accompanied by T3 and/or T4 levels above the normal range. Classical therapeutic 
options are surgery or radioiodine treatment. In most cases radioiodine, although com-
plicated by a non-negligible rate of late hypothyroidism, is the fi rst choice of treatment 
but its use in young patients is controversial. Surgery is commonly indicated for toxic 
nodules larger than 4–5 cm (that are frequently associated to pressure symptoms) 
because these lesions require high activities of radioiodine and necessitate protective 
measures in several European countries [ 63 ,  64 ]. Due to the potential complications 
and costs of surgery and the limited effects of radioiodine treatment on nodule volume, 
PEIT has been proposed since 1990 as a novel treatment for AFTNs [ 9 – 11 ].  

5.4.2     Results 

 Data published during the fi rst 10 years of use of PEIT reported a high percentage 
(about 90 %) of patients completely or partially cured by PEIT [ 9 ,  11 ,  12 ,  65 ,  66 ]. 
A major limit of these trials was the short (usually ≤1 year) follow-up period and 
the heterogeneous criteria of enrolment and treatment. Studies based on long-term 
surveillance reported up to 35 % prevalence of recurrences of thyrotoxicosis [ 30 , 
 33 ,  35 ]. Predictive factors of PEIT effi cacy were assessed in the large multicentric 
Italian study. Pretoxic nodules showed better results than toxic nodules, with a cure 
rate of 83.4 % vs 66.5 % [ 65 ]. A more favourable outcome for pretoxic vs toxic 
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nodules has been confi rmed by subsequent trials [ 35 ]. Moreover, a ≥30 % fl uid 
component and a ≤15 ml pretreatment volume were associated with a better out-
come, independently from the baseline functional status. The best responses were 
observed in small nodules (≤5 mL volume) with only partial inhibition of the extra-
nodular uptake [ 35 ]. In this, as in most studies, cure rate was inversely correlated to 
baseline volume. Yet, a satisfactory, even if rarer, outcome has been reported also 
for large (≥40 ml) toxic nodules [ 32 ,  38 ,  66 ,  67 ]. 

 A complete ablation of hyperfunctioning tissue is not always obtained after 
PEIT. In a study on 117 patients with a median follow-up of 2.5 years, a favourable 
hormonal outcome was reported in 87 % of cases, but radioisotope scan revealed the 
effacement of the hot areas in only 10 % of patients [ 38 ]. Differences in the volume 
and US structure of the treated lesions and variability of PEIT procedures (e.g. num-
ber of treatment sessions, volume of ethanol injected and schedule of follow-up) 
may account for the inconsistency of results reported by the various authors. 

 PEIT was proposed in combination with radioiodine as a multi-modality therapy 
for large AFTNs. Zingrillo et al. treated two groups of patients with AFTNs larger 
than 4 cm alternatively either with radioiodine alone or with radioiodine after 2–4 
preliminary sessions of PEIT. After 12 months of follow-up, nodules treated with 
combined therapy had the same hormonal normalization rate but a signifi cantly higher 
reduction of volume and local symptoms compared with nodules treated with radioio-
dine alone [ 68 ]. This approach, which combines the advantages of a limited number 
of PEIT sessions and of a reduced  131 I dose, could avoid surgery in patients with large 
symptomatic AFTN and might induce a lower rate of late hypothyroidism [ 58 ].  

5.4.3     Indications for Clinical Practice 

 In the majority of patients with small-size “hot” thyroid nodules, PEIT may result in 
normal thyroid function and signifi cant volume reduction. Unfortunately, these results 
are usually obtained with multiple sessions of therapy, each one associated with non-
negligible discomfort and risk of side effects. Moreover, the risk of recurrence of hyper-
thyroidism in the long term has not been completely defi ned. Thus, PEIT of 
hyperfunctioning thyroid nodules should be considered in selected cases only: 
Symptomatic patients who are not candidate to traditional treatments (as pregnant 
women), small pretoxic AFTNs in young patients who exhibit a low progression to overt 
hyperthyroidism and large AFTNs as an adjunctive tool in multi- modality treatment.   

5.5     Cold Nodules 

5.5.1     Rationale 

 The assessment of the a priori risk of malignancy is the fi rst step in the management 
of “cold” thyroid nodules [ 13 ] Once malignancy and abnormal thyroid function 
have been excluded, patients may be followed up with clinical and US surveillance 
unless local compression or cosmetic symptoms are present [ 13 ]. 
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 When treatment is required, long-term LT4 suppressive therapy demonstrates a 
limited effi cacy and is associated with potential side effects [ 13 ,  69 ]. Hence, surgery 
is the traditional treatment of symptomatic or steadily growing thyroid nodules. 
However, due to the potential complications and costs of surgery, PEIT was the fi rst 
minimally invasive US-guided ablation treatment proposed for the shrinkage of 
large or growing benign thyroid nodules [ 27 ].  

5.5.2     Results 

 Several studies demonstrated that PEIT may induce a volume decrease from 40 to 
70 % vs baseline in cold thyroid nodules [ 27 ,  28 ,  30 ,  51 ,  70 ]. Large volume seems 
not to be an absolute obstacle for PEIT effi cacy. In a series of cold thyroid nodule 
larger than 10 ml, a >50 % reduction was reported in 90 % of the treated cases [ 71 ]. 
Similar results were reported in a second study, with a 75 % mean volume reduction 
that was maintained up to 36 months. Volume decrease was clinically signifi cant 
(≥50 % of baseline volume) in 88.9 % of patients [ 30 ]. In a well-designed random-
ized, prospective study on solitary “cold” thyroid nodules treated either with PEIT 
or LT4 suppressive therapy, Bennendbaek et al. reported the achievement of a sig-
nifi cantly greater nodule volume reduction (47 % vs. 9 %) in the PEIT versus the 
LT4 group. PEIT, moreover, resulted in a signifi cantly higher (56 % vs. 32 %) rate 
of relief of pressure and cosmetic complains. The decrease of the volume of peri-
nodular thyroid tissue (about 20 % versus baseline) was reported only in the LT4- 
treated group [ 27 ]. The association of PEIT with LT4 is not followed by additional 
volume decrease of the lesions [ 70 ]. The structure of the nodule, as assessed by the 
preliminary US evaluation, is a good predictor of the outcome of PEIT. Long-term 
decrease is remarkably lower in solid nodules as compared to complex or cystic 
lesions. These data indicate that a solid, densely parenchymatous structure is less 
successfully affected by ethanol injection than a spongiform or multiloculated tis-
sue [ 51 ].  

5.5.3     Indications for Clinical Practice 

 In “cold” benign solid thyroid nodules, PEIT is defi nitely less effective than in cys-
tic lesions. Moreover, the risk of side effects or complications is higher and the 
schedule of treatment is more complex and time consuming. A further limit is the 
concern for the possible presence of an occult malignancy. False negative cytologi-
cal results are infrequent but possible (from 1 to 3 % in the various series), and 
histological evidence of papillary thyroid cancer has been occasionally reported in 
patients previously treated with PEIT who fi nally underwent thyroid surgery [ 2 ]. 

 On the basis of these considerations, PEIT should be considered for the manage-
ment of non-functioning thyroid nodules in elderly or poor surgical risk patients 
who complain of pressure symptoms only when US-guided thermal ablation proce-
dures are not accessible.   
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5.6     Cervical Metastasis of Thyroid Cancer 

5.6.1     Rationale 

 The management of recurrent cervical mestatasis from well-differentiated thy-
roid cancer (WDTC) is a frequent problem during follow-up of thyroid cancer. 
Due to their often slow and indolent progression, small neck recurrences do not 
require an immediate surgical treatment and clinical observation may be a ratio-
nal option for some of them. In a controlled series of 166 patients under post-
surgical surveillance for WDTC, less than 30 % of small-size metastatic or 
suspicious lymph nodes showed a >3 mm increase during a period of 3.5 years. 
Relevant limits of the study were the absence of cytological confi rmation for the 
majority (78 %) of lymph nodes and the potential clinical interference of the 
previous radioiodine ablation [ 72 ]. Surgical resection is the treatment of choice 
for cervical metastasis from WDTC but repeat surgery of central neck compart-
ment is burdened by a high risk of complications (e.g. laryngeal nerve palsy and/
or hypoparathyroidism) [ 73 ]. In these patients, radioiodine may be an ineffective 
therapeutic tool. Cervical recurrences may require multiple radioiodine doses to 
be cured or may be non-radioiodine- avid [ 74 ]. Due to these considerations, 
US-guided percutaneous ablation treatments (e.g. PEIT, laser ablation (LTA) or 
radiofrequency (RF)) may be considered as alterative options to surgery and 
radioiodine therapy. 

 PEIT treatment for nodal metastasis was fi rst introduced at Mayo Clinic in the 
1990s and, since then, several contributes have been produced [ 75 ,  76 ].  

5.6.2     Results 

 All the available data, even if derived from a small number of centres, show favour-
able clinical results. Hay et al. reported a signifi cant decrease in lymph node size in 
all the treated patients, with a mean volume reduction from 492 to 20 mm 3  during a 
2-year follow-up [ 75 ,  76 ]. Similar results have been reported from Heilo et al., who 
reported a high frequency (84 %) of complete ablation in 109 cervical nodes treated 
with PEIT [ 77 ]. Both studies reported a low incidence of side effects or complica-
tions (severe neck pain, permanent hypoparathyroidism and periglandular sclero-
sis). At a difference with the results in thyroid nodules, the structure (solid or cystic) 
of neck recurrences did not signifi cantly infl uence the effi cacy of PEIT ablation 
[ 77 – 81 ].  

5.6.3     Indications for Clinical Practice 

 PEIT may be considered as an effective therapeutic option for small-size WDTC 
neck recurrences when further surgery and/or radioiodine therapy are not amenable 
or refused. Data from studies with a more protracted follow-up period are necessary 
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to establish the actual rate of successful treatments, the probability of relapse, and 
the impact on survival and quality of life, taking into account the frequently indolent 
behaviour of these lesions. Although LTA and RFA seem to promise better results 
[ 82 ,  83 ], a recent report based on a long-term follow-up, demonstrates a similar 
effi cacy of PEIT when compared to RFA for the control of locoregional WDTC 
recurrences [ 84 ]. Current ATA Guidelines suggest a potential role in the future for 
non-surgical techniques able to safely remove or destroy small cervical nodal 
metastases, minimizing the iatrogenic harm or discomfort for the patients [ 59 ]. Due 
to its potential side effects and complications, PEIT treatment of WDTC neck recur-
rences should be performed only in centres with proved experience in US-guided 
interventional techniques.   

5.7     Other Neck Lesions 

 PEIT was proposed for the treatment of thyroglossal duct cysts (TDC), a not infre-
quent congenital neck abnormality arising from the embryonic thyroglossal duct 
structures [ 85 – 87 ]. The traditional treatment of these lesions, located along the mid-
line of the neck, is surgery [ 88 ]. Although the data are sparse and the outcomes in 
part controversial, Kim et al. in 2011 reported a >80 % success rate in a series of 11 
patients with TDC treated with PEIT [ 87 ]. The procedure was carried out with the 
same technical approach used for the cystic lesions with dense viscous content (see: 
“Technique” section). PEIT DTC treatment was not associated with relevant side 
effects but mild cervical pain [ 85 – 87 ]. 

 Parathyroid (PT) cysts are non-functioning lesions, usually revealed inciden-
tally by neck US evaluation. The cystic component may be the outcome of a 
gradual retention of the secretions of a parathyroid adenoma. Their prevalence 
is probably underestimated, due to the absence of general effects [ 89 ,  90 ]. Like 
thyroid cysts, PT cysts frequently recur after drainage by means of 
FNA. Sclerosing agents have been proposed as an alternative to surgery and 
PEIT was reported as an effective and safe treatment [ 91 – 94 ]. PT cysts are 
deeply located and are sometimes close to the recurrent laryngeal nerve. Hence, 
an extreme care should be taken to avoid ethanol seepage outside the target 
lesion. Due to the high rate of relapse, PEIT is not a cost- effective therapeutic 
tool for the treatment of parathyroid hyperplasia in secondary or tertiary hyper-
parathyroidism [ 5 ,  94 – 96 ].  

5.8     Costs 

 PEIT is a low-cost technique because it is rapid, performed in an outpatient setting 
and requires only widely available US equipments and inexpensive disposables. 
The cost of ethanol is low (about 5 € for a 10 ml vial of 95 % sterile ethanol). The 
endocrinologist and/or sonographer can perform the treatment after an appropriate 
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training period (500 US-guided FNA procedures may represent an appropriate level 
of clinical practice for starting to practice PEIT). 

 The mean time reported to perform a single procedure is 15 min for cystic thyroid 
lesions and 25 min for hyperfunctioning nodules [ 35 ]. The median number of sessions 
needed for a complete treatment is 2 in thyroid cysts, 4 in AFTNs and 5 in toxic nodules. 
So, the median cumulative period required for a complete treatment may be calculated in 
approximately 30 min in cystic thyroid nodules, 2 h in AFTNs and 2.5 h in hyperfunc-
tioning nodules. 

 The cost of PEIT, on the basis of Italian National Health Service reimbursement, 
is 420 € for cysts (2 day-hospital refund), 840 and 1050 € for AFTN and toxic nod-
ule (4 and 5 day-hospital refund), respectively. The median costs for surgery and  131 I 
ablation are 3350 and 210 €.  

    Conclusions 
 The majority of data on the clinical use of PEIT in thyroid lesions are derived 
from non-controlled studies. Furthermore, criteria for nodule selection, 
amount of ethanol injected and number of sessions are variable in the differ-
ent series. All these factors explain the variable outcomes reported by differ-
ent trials. On the basis of the available evidences and of our experience, 
however, PEIT can be considered as a therapeutic option for the following 
conditions:

•     Cystic nodules . PEIT is the fi rst-line non-surgical therapy for symptomatic 
relapsing cystic nodules. Although other sclerosing agents have been reported 
to be as effective as ethanol, currently alcohol injection should be considered 
as the standard sclerosing technique because it is safe, rapid, inexpensive and 
easily repeatable.  

•    AFTNs and “toxic” nodules . PEIT treatment of AFTNs should be considered 
only in selected cases. Its use seems appropriate in symptomatic patients who 
are not candidate to the traditional treatments (radioiodine and surgery), in 
young patients or pregnant women with small AFTN not associated with 
functional suppression of extranodular tissue, and as a possible adjunctive 
tool for a multi- modality approach to large AFTNs.  

•    Cold nodules . PEIT is effective in reducing the volume of solid “cold” thyroid 
nodules The procedure should be limited, in absence of more accurate proce-
dures, in elderly patients at poor surgical risk when thermal ablation tech-
niques are not accessible.  

•    Local WDTC recurrences . PEIT is an effective therapeutic option for neck 
recurrences of WDTC. This procedure may be considered, in alternative 
to simple follow-up, for the management of not threatening cervical 
metastasis in patients already submitted to neck dissection when a second 
surgery and/or radioiodine therapy are not appropriate or ineffective. 
Experienced operators are requested for the treatment of these very 
selected cases.  
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•    Other neck lesions . PEIT may be considered as a therapeutic option in patients 
with TDC and parathyroid cysts when surgery is contraindicated or refused. 
Treatment of hyperplastic parathyroid gland is at risk of major complications 
(recurrent nerve injury and severe pain).        
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        Thyroid nodules are a frequent clinical problem in endocrine practice [ 1 ,  2 ]. The 
majority of them are benign and asymptomatic but some steadily grow and may 
cause pressure symptoms or concern [ 1 ]. Surgical resection is the traditional 
approach to thyroid lesions that, even if benign at repeated fi ne-needle aspiration 
biopsy (FNA), are symptomatic or progressively enlarging [ 3 ]. Surgery, however, 
carries some problems: is expensive, is associated with a low but not negligible risk 
of cosmetic damage or complications, and is frequently followed by the need of a 
substitution therapy [ 3 ]. During the last years, non-surgical, minimally invasive pro-
cedures (MIT) have been investigated for the treatment of thyroid lesions when 
surgery is technically diffi cult or is refused by the patient [ 4 ]. Bown [ 5 ] fi rst used 
laser energy for the debulking of hepatic tumours and later, in the year 2000, 
US-guided laser ablation (LAT) was proposed for the management of benign solid 
thyroid nodules [ 6 ]. Currently, the procedure is increasingly used for the treatment 
of selected patients with thyroid lesions and its principles, outcomes, side effects 
and indications will be reviewed in the following chapters. 

6.1     Principles and Technique 

 The expression “percutaneous laser ablation” (LAT) defi nes the destruction of a 
target lesion that is realised with the deposition of laser light energy, transmitted via 
an optical fi bre, into the tissue [ 5 ]. Laser light is coherent and monochromatic, can 
be highly focused and permits the transmission of large amounts of energy with 
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minimal dispersion. Light is transmitted from an external laser source into the target 
lesion by means of 300–400-mm optical fi bres, which consists of a silica-based core 
surrounded by a cladding of hard polymer material. The photons released by the 
optic fi bre scatter within the target lesion, rapidly produce heat and induce coagula-
tive necrosis of the cells surrounding the needle tip [ 6 ,  7 ]. A further diffusion of 
heating within the tissue is due to heat conduction, infl uenced by blood supply, tis-
sue characteristics and the occurrence of carbonisation [ 7 ]. 

 Different laser sources, optical fi bres, modifi ed tips and applicators are currently 
available. A nearly spherical volume of coagulative necrosis up to 20 mm in diam-
eter can be obtained with a single optical fi bre. A larger volume of necrosis may be 
induced fi ring multiple fi bres, arrayed at 1.5 cm spacing throughout the target lesion 
[ 6 ,  7 ], or with the use of cooled-tip diffusers that deliver large amounts of energy 
over a wide area, thus preventing the occurrence of local charring [ 5 – 11 ]. 

 The penetration of light is optimal in the near-infrared spectrum [ 7 ]. Hence, laser 
procedures are mostly performed with neodymium-doped yttrium aluminium garnet 
(Nd:YAG) or with diode lasers, operating with a wavelength of 800–980 nm. Current 
laser devices induce a predictable and reproducible area of tissue thermal ablation and, 
at the same time, minimally affect the tissue surrounding the targeted lesion [ 6 ,  12 ]. 

 Laser treatment is performed on conscious patients after mild intravenous sedation 
and local anaesthesia with xylocaine (from the skin entry site down to the thyroid 
capsule) [ 6 ]. After preliminary information and reassurance, the patient is placed in 
the supine position and his/her neck is appropriately positioned (Fig.  6.1 ). Then, under 
ultrasound guidance, one or more spinal needles with diameter from 20 to 22 G are 
inserted into the target lesion [ 9 ,  11 ,  13 ]. Thereafter, the optical fi bres are easily posi-
tioned through the sheath of the needles and 5–10 mm of their bare tip is placed in 
direct contact with the tissue. LA sessions may be performed either under US guid-
ance or assistance, using an ultrasound (US) system equipped with a high-frequency 
linear probe (7.5–15 MHz) and a removable guiding device. During laser fi ring, US 
monitoring demonstrates in the area under treatment the appearance of hyperechoic 
spots due to gas microbubbles produced by tissue heating. The procedure is stopped 
after 400–600 s or when the zone of hyperechogenicity caused by the evaporation of 
the water content of the tissue is steady and complete [ 9 ,  14 – 20 ]. In order to increase 
the volume of ablation in large-size lesions, the energy may be delivered continuously 
while retracting the needles by 1–2 cm (“pull back technique”) [ 11 ,  21 ]. Spinal nee-
dles and optical fi bres are then withdrawn, the patient is given an analgesics injection 
and is observed for an hour before US control and discharge [ 16 ].   

6.2     Experience 

6.2.1     Cold Nodules 

 The feasibility of percutaneous laser thermal ablation was initially tested on animal 
models (New Zealand rabbits and laboratory pigs) [ 6 ]. After ex vivo studies on 
resected thyroid glands [ 6 ] that provided reproducible energy-damage curves, a 
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feasibility study was performed on two human volunteers with large thyroid nod-
ules immediately before their surgical resection. Since then, several non-randomised 
[ 9 – 11 ,  22 – 26 ] trials showed consistent results for LAT treatment of thyroid lesions. 
Cytological and histological samples, obtained by fi ne-needle aspiration, core nee-
dle biopsy or surgical resection, demonstrated in the treated lesions the presence of 
an area of complete coagulative necrosis surrounded by degenerative changes and 
infl ammatory reaction. No evidence of extrathyroidal damage or cervical fi brosis 
along the needle tract was observed [ 26 ]. Two single-centre randomised studies 
compared the clinical and US changes induced by LAT with those observed in 
patients under thyroxine suppressive therapy or plainly followed-up [ 15 ,  27 ,  28 ]. 
Even if the fi rst trial was conducted with a Nd:YAG and the second one with a diode 
laser source, both studies confi rmed that a single laser treatment results in a nodule 
volume decrease greater than 40 % versus baseline at the 6- and 12-month US con-
trols. No signifi cant volume change was found in the suppressive therapy or in the 
control group. 

 In a retrospective study, volume reduction remained stable up to 5 years after the 
initial treatment and the majority of patients described a sustained improvement of 

a
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  Fig. 6.1    ( a ) Ultrasound scan of a large, prevalently solid, cold thyroid nodule (DM 4.6 × 2.3 × 3.7 cm 
vol 20.3 cc). ( b ) Under ultrasound monitoring, two optical fi bres are inserted into the nodule and 
start laser fi ring. ( c ) After 600 s of energy delivery, colour-Doppler examination of the target 
lesions demonstrates a large area of thermal necrosis devoid of vascular signals. ( d ) Contrast- 
enhanced ultrasound, performed 24 h after treatment, clearly depicts a large area of tissue ablation 
with no evidence of blood supply       
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their local symptoms after LAT [ 19 ]. A recent Italian multicentre prospective ran-
domised trial provided a conclusive evidence of the outcomes of LAT in clinical 
practice [ 16 ]. The study assessed the long-term clinical effi cacy, tolerability and 
predictability of outcome of LAT in four different centres operating according to the 
same procedure. Two hundred and one euthyroid patients with a solid not hyper-
functioning nodule were randomly assigned to a single laser session or to follow-up. 
Three years after LAT, in the active treatment group, mean nodule volume reduction 
was about 58 %. Thermal ablation induced a nodule decrease >50 % in nearly 70 % 
of cases and no signifi cant difference in the outcomes was reported by the various 
centres. Presence of local symptoms decreased from 31 % at baseline to 5 % of 
cases 36 months after LAT, and cosmetic signs from 74 to 12 % of cases. The pro-
cedure was fairly well tolerated by most patients and the only major complication 
was one case of vocal cord paresis that self-resolved in 2 weeks. No changes in 
thyroid function or autoimmunity were observed. Hence, a single LAT session of 
solid thyroid nodules, performed by experienced operators, results in the majority 
of cases in a signifi cant and persistent volume reduction and in the improvement of 
local symptoms in absence of late thyroid function changes.  

6.2.2     Autonomously Functioning Thyroid Nodules 

 Initial reports on small series of hyperfunctioning thyroid nodules treated with LAT 
showed normalisation of thyroid function and effacement of the hyperfunctioning 
area at the post-ablation radioisotope scan [ 10 ,  14 ,  29 ,  30 ]. Data from larger studies, 
however, demonstrated that multiple laser treatments are necessary to normalise 
serum TSH levels [ 11 ,  17 ,  31 ]. In a prospective trial on hyperfunctioning nodules 
with suppression of extranodular parenchyma, laser ablation and radioiodine (131- 
I) treatment resulted in similar nodule shrinkage. It is noteworthy, however, that 
LAT induced the return to detectable levels of serum TSH in only 50 % of patients, 
a successful control of hyperfunction that was defi nitely lower than after 131-I treat-
ment [ 18 ]. As a whole, these trials demonstrate an acceptable effi cacy of laser abla-
tion when treating small-size and mildly hyperfunctioning nodules [ 22 ]. On the 
other hand, in large hyperfunctioning thyroid lesions, normalisation of thyroid func-
tion is obtained less consistently and requires repeated laser treatments [ 11 ,  31 ]. 

 A recent prospective controlled trial on large toxic thyroid nodules evaluated 
the effi cacy of the combined treatment with a single laser ablation followed by 
131-I therapy with respect to the rapidity of control of local symptoms and hyper-
thyroidism [ 32 ]. The reduction of 131-I activity administered 1 month after laser 
LAT was assessed versus a matched control group treated with radioiodine alone. 
After 2 years, nodule volume decrease was signifi cantly higher in the combined 
treatment than in the control group (71.3 % vs 47.4 %,  p  < 0.001). Moreover, the 
use of a preliminary LAT allowed a >20 % decrease in the administered 131-I 
activity. The reduction of local symptoms was more rapid in the combined treat-
ment group and, in three cases, no radioiodine therapy was needed after LAT. These 
data are of interest because in large hyperfunctioning thyroid lesions nodule 
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shrinkage and the ease of pressure symptoms are rather slow after radioiodine 
treatment and the activities of 131-I required for treatment are usually elevated 
[ 32 ]. A combined treatment may be of use in large hyperfunctioning nodules 
because it allows a faster volume reduction and the disappearance of local symp-
toms, an earlier control of hyperthyroidism and permits the use of lower doses of 
131-I in an outpatient treatment setting.  

6.2.3     Cystic Lesions 

 Due to its high effi cacy and safety and very low cost of percutaneous ethanol injec-
tion (PEIT) [ 17 ], few contributes are available on the use of LAT for cystic thyroid 
lesions. 

 In a recent trial, a series of cystic thyroid nodules were randomised to aspiration 
alone or to drainage followed by LAT [ 20 ]. After 6 months, a nearly complete disap-
pearance of the cystic component was observed in 68 % of LAT patients as opposed 
to 18 % in the aspiration-alone group. Local symptoms improved signifi cantly in 
the LAT patients as compared with the drainage-only group, and thyroid function 
remained unaffected in all cases. These results indicate a possible convenience of 
combined treatment with fl uid aspiration followed by LAT in patients with large 
relapsing complex lesions with relevant solid component.  

6.2.4     Cervical Recurrences of Thyroid Tumours 

 The majority of differentiated thyroid tumours are effectively treated by the ini-
tial surgical approach, with or without subsequent 131-I ablation of thyroid rem-
nants. However, the recurrence rate during follow-up is up to 20 % in patients 
with differentiated thyroid tumours and is even higher in patients with medullary 
thyroid cancer [ 33 ]. In these last tumours and in some differentiated cancers, 
131-I treatment is not effective in eradicating nodal metastases due to the absence 
of 131-I uptake. Part of the nonpalpable cervical metastases that are revealed by 
US examination of the neck, moreover, may be at diffi cult surgical reach. Some 
of these patients have already undergone repeat neck dissection and a further 
resection of nodal metastases may be technically diffi cult and at risk of surgical 
complications [ 33 ]. 

 Due to the usually slow progression of the small-size cervical recurrences of dif-
ferentiated thyroid carcinoma, MIT are currently under investigation for patients at 
elevated surgical risk [ 34 ]. 

 LAT for thyroid malignancies was fi rst tested in an elderly woman with undif-
ferentiated thyroid carcinoma [ 6 ]. Repeated LAT sessions debulked large areas of 
the tumour, the patient underwent external beam radiation therapy and local symp-
toms improved for several months. A similar response to LAT was reported in a 
second inoperable anaplastic carcinoma, but in both cases the favourable course was 
transient and was followed by fatal outcome [ 35 ]. 
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 Favourable experiences with laser ablation have been reported small-size cervi-
cal recurrences of differentiated thyroid cancer [ 36 ]. A fi rst series of eight cervical 
recurrences of papillary thyroid carcinoma in patients already submitted to cervical 
dissection was treated with a single session of Nd:YAG laser ablation with two opti-
cal fi bres (Fig.  6.2 ). Twelve months after treatment, all the lymph node metastases 
showed a marked volume reduction (from 0.64 ± 0.58 to 0.07 ± 0.06 ml,  p  = 0.01) 
and the mean thyroglobulin levels decreased signifi cantly from 8.0 ± 3.2 to 
2.0 ± 2.5 ng/ml. Laser ablation was a rapid and usually well-tolerated procedure and 
no major complications were registered. These results were confi rmed in a subse-
quent study performed in a different centre with the same technique [ 37 ]. Twenty- 
four metastatic lymph nodes (mean size 1.1 cm) from papillary cancer of the thyroid 
gland that relapsed after thyroidectomy and cervical dissection were enrolled in the 
study. All recurrences showed absent uptake at 131-I whole body scan but revealed 
a marked uptake at 18-FDG PET/TC. In most cases, LAT induced a marked shrink-
age or the disappearance of the treated lesions at US and colour-Doppler examina-
tion and loss of 18-FDG uptake at the post-treatment PET/CT control.  

 The issue concerning the opportunity to surgically treat papillary thyroid micro-
carcinomas (PTMC) incidentally revealed by imaging studies in fragile patients is 
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  Fig. 6.2    ( a ) Ultrasound scan of a small size (4 × 4 × 6 mm) nodal recurrence of papillary thyroid 
carcinoma (left laterocervical region, level IV); ( b ) ultrasound-guided local anaesthesia performed 
along the planned needle path; ( c – e ) insertion under ultrasound guidance of two spinal needles, 
progression of the optical fi bres into the target lesion and subsequent laser fi ring; ( f ) complete 
effacement of the metastatic lymph node by the hyperechoic spots generated by gas microbubbles; 
( g – h ) the metastatic lymph node is not revealed by post-treatment ultrasound controls; ( i ) absence 
of skin or subcutaneous damage after the end of the procedure       
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still unsettled [ 38 ]. Due to their indolent course, indeed, a wait-and-see clinical 
management is frequently advocated for these cases. A feasibility study was per-
formed on a solitary PTMC (8 mm in maximum diameter), with no US evidence of 
spreading outside the thyroid gland, in an elderly patient at high surgical risk 
because of liver and kidney failure. The small tumour was completely ablated with 
a single laser treatment without complications [ 39 ]. During a 2-year follow-up, US 
cervical examination and contrast-enhanced US scan demonstrated that the PTMC 
was completely replaced by a larger hypoechoic zone devoid of vascular supply. 
Both US-guided fi ne-needle aspiration biopsy and core-needle biopsy provided 
necrotic debris only with no viable neoplastic cells. 

 Despite the limited number of cases, LAT is a promising therapeutic tool for 
PTMC ablation in fragile patients at surgical risk and for isolated neck metastases 
from differentiated or medullary thyroid carcinoma in patients already treated with 
neck dissection. Laser ablation could be used for local recurrences that are not ame-
nable to traditional surgical treatments for improving local symptoms or concern 
and for decreasing the bulk of tumour tissue prior to external radiation therapy or 
target therapy [ 34 ].   

6.3     Tolerability and Safety 

6.3.1     Tolerability 

 Mild to moderate cervical pain or low-grade fever (<38 °C) may occur after LAT. These 
symptoms usually last 24–48 h and are easily controlled by acetaminophen or keto-
prophene by mouth. The occurrence of local bruising is infrequent [ 16 ,  17 ].  

6.3.2     Complications 

 Subcapsular haematoma and dizziness may occur, even if infrequently [ 25 ,  40 ,  41 ]. 
Skin burn, cervical swelling, tracheal injury, transient hyperthyroidism and late 
hypothyroidism have been reported, but are defi nitely rare [ 25 ]. No pathological 
changes have been found in cervical tissues adjacent to the ablated area in patients 
who subsequently underwent surgery [ 6 ,  42 ]. 

 The fairly good tolerability of LAT and the low risk of major complications 
(about 1 %) were recently confi rmed in the large, externally monitored, series of the 
Italian multicentre trial [ 16 ].   

6.4     Conclusions and Indications 

•     Minimally invasive procedures are thoroughly evaluated techniques and are 
available in specialised centres for selected patients.  

•   Relapsing thyroid cysts and complex nodules are best managed with US-guided 
aspiration followed by PEIT as fi rst-line treatment.  
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•   In solid nonfunctioning symptomatic thyroid nodules, LAT achieves, in a single 
session, a nearly 50 % volume decrease and the improvement of local pressure 
symptoms. These results are obtained in most patients and are stable during a 
period of at least 3 years.  

•   Hyperfunctioning thyroid nodules remain best treated with radioactive iodine, 
which provides an inexpensive and safe tool for long-term control of hyperthy-
roidism. In large-size toxic nodules, a pre-treatment with LAT may allow an 
earlier control of hyperthyroidism and a more rapid nodule volume reduction.  

•   LAT may be employed for local control of small size, non-radioiodine-avid, neck 
recurrences of PTC in patients who are not candidates for a repeat cervical lymph 
node dissection. LAT seems to be a potential alternative to the simple follow-up 
of cancer recurrences and may be used in larger or progressive cervical metasta-
sis, as part of a multimodality therapeutic approach.  

•   LAT was proposed for the ablation of PTMC without evidence of multifocality 
or extrathyroidal spreading in patients at high surgical risk. This application 
should be considered as experimental and reserved to highly selected cases.  

•   Head-to-head prospective studies of LAT versus surgery comparing long-term 
effi cacy, side effects, overall expense and impact on quality of life are needed to 
better defi ne the role of MIT in everyday practice.        
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      Percutaneous Radiofrequency Ablation       

       Eun     Ju     Ha      and     Jung     Hwan     Baek    

7.1             Introduction 

 Although most thyroid nodules are benign, some patients require treatment because 
of cosmetic problems or subjective symptoms. Surgery, radioiodine therapy, and 
thyroid hormone medication have been used to reduce the size of benign thyroid 
nodules; however, they have many drawbacks such as scarring, the need for general 
anesthesia, hospital admission, hypoparathyroidism, hypothyroidism, bleeding, 
infection, and voice change. Radiofrequency ablation (RFA) is a method of thermal 
ablation that could induce the necrosis of nodule tissue. It has been used to treat 
various benign and malignant tumors with good results. In the thyroid gland, RFA 
has been used to treat benign thyroid nodules and recurrent thyroid cancers [ 1 – 4 ]. 
In this chapter, we discuss four topics regarding RFA: (1) procedures, (2) indica-
tions, (3) clinical outcomes, and (4) complications.  
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7.2     Procedure 

 Regarding the application of RFA techniques, thyroid nodules are different from 
liver tumors. In contrast to the liver, the thyroid gland is a relatively superfi cial and 
small organ, whereas thyroid nodules are large and ellipsoidal in shape. Therefore, 
a new device and technique have been developed for thyroid RFA. 

7.2.1     Devices 

 Before the development of thyroid-dedicated devices, straight internally cooled and 
multi-tined expandable electrodes have been used [ 5 – 11 ]. A multi-tined expandable 
electrode (14-gauge, 10 cm in length, with 4–9 hooks expandable to 3.5–4.0 cm) 
has been employed in Italy [ 9 ,  10 ], and a straight, internally cooled electrode (17- 
gauge, 15 cm in length, with a 1 cm active tip) has been used in Korea [ 5 – 8 ,  11 ]. In 
Korea, a modifi ed, straight, internally cooled electrode has also been developed [ 8 ]. 
This modifi ed electrode, which is used worldwide, is short (7 cm) for easy control 
and thin (18- or 19-gauge) to minimize injury to the normal thyroid gland; in addi-
tion, it can be used with active tips of various sizes (0.5–2.0 cm).  

7.2.2     The Trans-isthmic Approach and Moving Shot Technique 

 Regarding the procedure, a patient is placed in the supine position with mild neck 
extension. Two grounding pads are fi rmly attached to both thighs. Local anesthesia 
is suffi cient to control pain during the procedure [ 5 ,  7 ,  10 – 12 ]. After sterilization, 
the electrode is inserted through the isthmic portion of the thyroid (called the trans- 
isthmic approach), and ablation proceeds via a transverse ultrasound (US) view 
(Fig.  7.1 ). This method has several advantages: (1) during the procedure, the entire 
length of the electrode can be monitored on the transverse US view; (2) minimal 
exposure of the danger triangle (including the recurrent laryngeal nerve and/or 
esophagus) to heat is possible; and (3) the electrode passes through a suffi cient 
amount of thyroid parenchyma, preventing a change in the position of the electrode 
tip during swallowing or talking, as well as leakage of ablated hot fl uid outside the 
thyroid gland.  

 Baek et al. [ 7 ] proposed a moving shot technique for thyroid RFA [ 5 – 8 ,  12 ] 
(Fig.  7.1 ). In the fi xed-electrode technique, which has been used to treat liver tumors 
[ 13 – 16 ], the electrode is fi xed in position during ablation, resulting in a round ablation 
zone. A round ablation zone could be dangerous to the surrounding critical structures, 
because thyroid nodules are ellipsoidal in shape. To resolve this problem, the moving 
shot technique has been suggested: dividing thyroid nodules into multiple, small con-
ceptual ablation units, and performing RFA unit-by-unit, by moving the electrode tip. 
The conceptual units are smaller at the margin of the nodules and larger in the central 
area of the nodules. Initially, the electrode tip is positioned in the deepest, most poste-
rior portion of the nodule to enable the tip to be easily monitored in the absence of any 
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disturbance caused by the transient hyperechoic zone. Ablation is commenced with 
20 W (0.5 cm active tip), 30 W (0.7 cm active tip), and 50 W (1.0 cm active tip) of RF 
power. When a transient hyperechoic zone appears at the targeted unit, RF power 

a

c

e f

d

b

  Fig. 7.1    Sequential US images of the moving shot technique. ( a ,  b ) The electrode is initially 
positioned at the periphery of the deep and remote portions of the target nodule, and continuously 
moves backward ( arrows ) within the thyroid nodule. ( c ,  d ) Next, the electrode tip is relocated in 
the untreated superfi cial area, and the ablation is repeated until it covers the entire nodule. ( e ,  f ) 
The procedure is terminated when all of the conceptual units of the targeted nodule have become 
transient hyperechoic zones       
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starts to decrease, and the electrode tip is moved to an untreated area. The electrode 
moves continuously both backward and in the superfi cial direction within the thyroid 
nodule. The extent of the ablated area is determined by the echogenic area around the 
electrode. If a transient hyperechoic zone does not appear at the electrode tip within 
5 s, RF power is increased in 10-W increments to a maximum of 100 W. If a patient 
cannot tolerate the pain, injection of a local anesthetic around the thyroid capsule is 
effective to reduce pain. To treat cystic or predominantly cystic nodules, the cystic 
fl uid is fi rst aspirated, and then RFA is performed. RFA is terminated when all of the 
conceptual units of the targeted nodule become transient hyperechoic zones (Fig.  7.1 ). 
However, certain regions of each thyroid nodule, including those close to critical 
structures such as the recurrent laryngeal nerve and esophagus, may remain under-
treated. Operators must monitor any complications that might occur during and 
immediately after a procedure. The patient is observed for 1–2 h in the hospital with 
mild compression of the neck [ 5 ,  10 ].   

7.3     Indications 

 According to the 2012 consensus statement and recommendations of the Korean 
Society of Thyroid Radiology, RFA can be used to treat both benign thyroid nodules 
and inoperable, recurrent thyroid cancers in the neck [ 5 – 12 ,  17 – 24 ]. The Korean 
Society of Thyroid Radiology does not recommend RFA for follicular neoplasms or 
primary thyroid cancers because there is no evidence of a benefi t by RFA in these 
tumors [ 5 ,  25 ]. Caution should be taken regarding the use of thyroid RFA in preg-
nant women, patients with serious heart problems, and those with contralateral 
vocal cord palsy [ 26 – 30 ]. Patients with cystic thyroid nodules that regrow after 
simple aspiration should be treated fi rst with ethanol ablation (EA) rather than RFA 
[ 6 ,  18 ,  31 – 33 ]. A retrospective study and a randomized clinical trial both suggested 
EA to be a fi rst-line treatment for cystic thyroid nodules [ 18 ,  34 ]. 

 Indications for RFA of benign thyroid nodules include patients with nodule- 
related clinical problems [ 5 ,  7 ,  8 ,  10 ,  11 ,  22 ]. The symptom score can be self- 
measured by patients using a 10-cm visual analog scale (grade 0–10) [ 6 ,  7 ,  31 ], and 
the cosmetic score [ 6 ,  7 ,  9 ,  10 ,  31 ] can be measured by a physician (score 1–4: 1, no 
palpable mass; 2, no cosmetic problem but a palpable mass; 3, a cosmetic problem 
on swallowing only; and 4, a readily detected cosmetic problem) [ 6 ,  7 ,  18 ]. Patients 
with autonomously functioning thyroid nodules (AFTNs) causing thyrotoxicosis 
are also indicated for RFA [ 8 – 10 ,  12 ,  35 – 39 ]. The nodules with a maximum diam-
eter >2 cm that continue to grow may be considered for RFA. 

 Indications for RFA of recurrent thyroid cancers include patients at high surgical 
risk and patients who refuse to undergo repeated surgery [ 20 ,  21 ,  23 ,  24 ]. The rec-
ommendations suggest that tumor recurrence should be confi rmed before treatment 
by US-guided fi ne-needle aspiration cytology and/or measurement of the washout 
thyroglobulin concentration [ 2 ,  40 ]. The treatment strategy of RFA for recurrent 
thyroid cancers is not well established; however, two strategies have been sug-
gested: complete ablation of any recurrent thyroid cancers visible on US [ 23 ,  41 ] or 
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conservative treatment to improve any symptomatic problems [ 21 ]. To achieve 
complete ablation, several studies have suggested that RFA should be restricted to 
patients with three or less recurrent tumors in the neck and no metastatic tumors 
beyond the neck at the time of treatment [ 2 ,  23 ,  41 ,  42 ]. Conservative treatment has 
been applied to treat large recurrent cancers that cause symptomatic problems, such 
as pain, dysphagia, hoarseness, and dyspnea [ 21 ].  

7.4     Clinical Outcomes 

 The effi cacy of RFA for benign thyroid nodules can be evaluated by the symptom 
score, cosmetic score, volume reduction ratio [ 5 ,  7 ,  8 ], and therapeutic success rate 
(volume reduction >50 %) [ 18 ]. US is recommended for routine follow-up at 1, 6, 
and 12 months, and every 6–12 months, and changes in size, echogenicity, and 
intranodular vascularity are evaluated by US. The reduction in volume is calculated 
using the following equation: volume reduction (%) = ([initial volume (mL) − fi nal 
volume (mL)] × 100)/initial volume (mL) [ 5 ]. The echogenicity of a nodule would 
be lower than noted before ablation (Fig.  7.2 ), and intra-nodular vascularity should 
disappear in regions receiving complete ablation [ 5 ]. Additional ablation should be 
performed if a viable portion of the nodule (i.e., the region showing the same echo-
genicity as the initial nodule with intra-nodular vascularity) remains on follow-up 

a

c d

b

  Fig. 7.2    Transverse US images of a well-ablated thyroid nodule. Images obtained before ( a ), and 
12 and 36 months after ( b ,  c ) RFA showing the reduced size and decreased echogenicity of the 
ablated nodule. Only a small scar-like lesion remained at the last follow-up of 56 months ( d )       
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US, or if a patient complains of incompletely resolved clinical problems, including 
cosmetic and symptomatic concerns [ 5 ,  9 ]. Proper additional treatment interval is 
1–3 months after initial treatment, because rapid volume reduction can be achieved 
the fi rst 3 months after ablation. Although no guidelines are available to identify a 
time when follow-up US should cease, additional routine US is not considered nec-
essary when a treated nodule disappears completely or remains as a small scar-like 
lesion (Fig.  7.2 ). For the evaluation of AFTNs, a thyroid scan and the measurement 
of serum thyroid hormone and thyrotropin levels are recommended [ 8 – 10 ]. The 
effi cacy of RFA for recurrent thyroid cancers can be evaluated by the volume reduc-
tion ratio, serum thyroglobulin concentrations, and improvement of symptoms [ 20 , 
 21 ,  23 ,  24 ].  

 RFA cannot remove thyroid nodules immediately; rather, it induces the necrosis 
and involution of thyroid nodules, resulting in volume reduction and improvement 
in clinical symptoms, with an effi cacy similar to that of thyroid surgery [ 5 ,  10 ,  11 ]. 
Hyperthyroidism caused by AFTNs can be cured or improved by RFA [ 8 – 10 ]. 
Regarding benign, non-functioning thyroid nodules, the volume reduction after 
RFA has been found to range from 33 to 58 % at 1 month and from 51 to 92 % at 6 
months [ 5 – 11 ,  43 ]. A long-term study reported that the volume reduction was 90 % 
at 1 year and 93 % at 4 years [ 44 ]. Prospective randomized studies have revealed 
that RFA is effective for solid thyroid nodules, with 76.5–79.7 % volume reduction 
at 6 months after RFA [ 7 ,  45 ]. Regarding benign AFTNs, one study [ 8 ] reported a 
volume reduction of 44–81.9 % at 6 months; normalization of thyroid function was 
31–87 %. In that study, the volume reduction of treated nodules was slightly lower 
than that of cold thyroid nodules, possibly due to the autonomy of AFTNs. In addi-
tion, incomplete ablation of the nodule margins allowed marginal regrowth of 
treated nodules, particularly for patients with AFTNs. 

 Although the moving shot technique can successfully prevent marginal regrowth 
in many patients, undertreated portions adjacent to the critical structures, as well as 
large-sized nodules, remain vulnerable to marginal regrowth following RFA [ 1 ,  8 ,  9 ]. 
For example, a patient with a large thyroid nodule greater than 20 mL may require 
additional RFA due to incomplete treatment and unresolved clinical problems [ 19 ]. 
Recent review articles have suggested that RFA is a safe and effective treatment for 
symptomatic benign thyroid nodules [ 46 – 48 ]. These articles emphasized the proper 
selection of patients with benign nodules and subsequent monitoring. 

 RFA of recurrent thyroid cancers results in a mean volume reduction of 56–93 % 
[ 21 ,  23 ], with 42–58 % of nodules completely disappearing [ 20 ,  23 ,  24 ], 64 % of 
patients experiencing symptom improvement [ 21 ], and the serum thyroglobulin 
concentration decreasing [ 20 ,  21 ,  23 ,  24 ].  

7.5     Complications 

 The reported complications are summarized in Table  7.1 . Physicians who perform 
thyroid RFA should understand the broad spectrum of complications and proper 
prevention methods [ 3 ,  49 ]. In 2012, the Korean Society of Thyroid Radiology 
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reported various complications for benign nonfunctioning thyroid nodules in a large 
population multicenter study [ 49 ]. The overall complication rate was 3.3 % 
(48/1459) and the major complication rate was 1.4 % (20/1459). The reported 
sequelae rate was 0.14 % (2/1459): hypothyroidism in one patient and abscess for-
mation with nodule rupture in the other patient [ 49 ]. Regarding the complications 
related to RFA of recurrent thyroid cancers (Table  7.2 ), voice change due to recur-
rent laryngeal nerve injury, skin burn, and procedure-related pain have been 
reported. Although other nerve injuries have not been reported, any type of injury is 
possible according to the site of recurrent tumors. Therefore, the operator should 
monitor the relationship between the nerve and tumor during RFA.

    Pain is the most common complaint in most patients during the procedure. 
Various degrees of pain in the neck and/or radiating to the head, ear, shoulders, 
chest, back, or teeth can be present; however, patients are usually tolerant of the 
pain, which decreases rapidly when the generator output is reduced or turned off [ 1 , 
 5 ,  7 ,  49 ]. In addition, injection of local anesthetics around the thyroid capsule effec-
tively reduces the pain. Painkillers could reduce post-procedural pain [ 1 ]. 

 Voice change is a major complication of thyroid RFA that is caused by thermal 
damage to the recurrent laryngeal or vagus nerve [ 50 ,  51 ]. In most cases, voice 
change is detected during or immediately after ablation. Voice changes are usually 
transient, with most patients recovering within 3 months [ 1 ,  49 ]; however, some 
patients recover more slowly. To prevent voice change, both the trans-isthmic 
approach and moving shot technique can be helpful. Using these techniques, unit-
by- unit ablation of conceptual ablation units and under-treatment of the danger tri-
angle (i.e., the area of the thyroid nodule adjacent to the recurrent laryngeal nerve) 
may minimize recurrent laryngeal nerve injury [ 1 ,  3 ,  49 ]. The vagus nerve is located 
within the carotid sheath, usually posteriorly between the common carotid artery 
and internal jugular vein; however, a bulging large thyroid nodule may alter the 
location of the vagus nerve, making it closer to the thyroid nodule [ 50 – 53 ]. To avoid 
thermal injury to the vagus nerve, the operators should be aware of the location of 
the vagus nerve and its variations as viewed in US [ 50 ,  51 ]. If the electrode moves 
beyond the thyroid nodule (outside the thyroid gland), it may induce thermal injury 
to surrounding critical structures such as the vagus nerve or sympathetic ganglion. 
To avoid this complication, continuous US-guided tracing of the electrode tip is 
mandatory during the ablation. 

   Table 7.2    Complications of RFA for recurrent thyroid cancers   

 Dupuy 
et al. 

 Monchik 
et al. 

 Baek 
et al. 

 Park 
et al. 

 Guenette 
et al.  Total 

 Year  2001  2006  2011  2011  2013 

 No. of patients  8  16  10  11  14  59 

 Voice change  1 a   1 a   1 a   –  1 b   4 (6.8 %) 

 Skin burn  1  1  –  1  –  3 (5.1 %) 

  Recurrent tumors in  a central neck;  b lateral neck  
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 Hematomas, resulting from electrode-induced vessel injury, can occur in the 
perithyroidal, subcapsular, and intranodular locations [ 49 ]. Hematomas can usually 
be controlled by compression of the neck for several minutes, with most hematomas 
disappearing within 1–2 weeks [ 1 ]. Because serious hematomas may compress the 
airways, close observation is recommended during and after the procedure [ 1 ]. 

 Transient thyrotoxicosis may occur after RFA, although the patient is usually 
asymptomatic and normalizes within 1 month [ 5 ]. Hypothyroidism has been 
reported after treating nonfunctioning and hyperfunctioning thyroid nodules [ 8 ,  49 ]. 
Consequently, thyroid function tests are recommended during the follow-up period 
for patients with hyper- or hypothyroid symptoms [ 5 ,  8 ,  11 ,  49 ,  54 ]. To prevent an 
infection or abscess, the puncture site should be sterilized, and prophylactic antibi-
otics can be used; however, infection or abscess formation is a rare complication. 

 Thyroid nodule rupture after RFA may be suspected in patients with sudden neck 
bulging and pain at the treatment site [ 1 ,  49 ,  55 ]. Prior to nodule rupture, the ablated 
thyroid nodule gradually decreases in size. The rupture might occur due to volume 
expansion by a delayed hemorrhage or tumor wall tear. US usually shows a break-
down of the anterior thyroid capsule and formation of a new nodule in the anterior 
neck [ 1 ,  49 ,  55 ]. In cases of suspected nodule rupture, an initial conservative treat-
ment (simple compression) without invasive procedures, such as needle aspiration 
is recommended. However, drainage or excision may be required if the symptoms 
of redness and pain progress [ 55 ]. 

 Skin burns have been reported at the electrode puncture site [ 11 ,  21 ,  49 ]. 
Application of an ice bag during ablation or injection of fl uid between the nodule 
and skin may prevent skin burns [ 56 ]. The risk of burns at the pad attachment site is 
relatively low because RF energy is lower in the thyroid [ 49 ]. Nausea and vasovagal 
refl ection may be caused by severe tension, pain, or hypersensitivity to lidocaine 
[ 49 ]. Life-threatening complications, including trachea injury [ 57 ] and myocardial 
infarction [ 26 ,  27 ,  29 ,  30 ,  58 ], have been reported in patients undergoing RFA of 
tumors other than those of the thyroid gland. Although the RF current can cause 
esophageal or tracheal injury and heart problems, those complications have not 
been reported in thyroid. Thermal injury to critical structures in the neck such as the 
cervical sympathetic nerve and spinal accessory nerve have also not been reported, 
but the operator should be aware of the signifi cance of such possible complications, 
particularly when a recurrent tumor is close to neck nerves. To prevent nerve injury, 
the moving shot technique, which uses a small active tip (<1 cm), and the hydrodis-
section technique are helpful [ 2 ]. When operators use the hydrodissection tech-
nique, continuous infusion of fl uid is necessary because the injected fl uid spreads 
gradually along the muscle plane of the neck [ 59 ]. Coughing can be induced by 
thermal propagation to the trachea and is managed by stopping the ablation [ 1 ,  49 ]. 
To prevent thermal injury to the esophagus, patients should be asked to swallow 
cold water during the ablation of a nodule adjacent to the esophagus [ 1 ,  26 ,  28 ,  49 ]. 

 To prevent life-threatening complications, the operators should strictly trace the 
electrode tip during the procedure and should have knowledge of the neck’s anat-
omy and experience with an image-guided intervention.  
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    Conclusion 
 Thyroid RFA is an effective and safe treatment modality in patients with thyroid 
lesions. RFA may be as effective as surgery if it is performed by experienced 
physicians in optimally selected patients. RFA may also have an effective com-
plementary role in the management of recurrent thyroid cancers.     
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        Thyroid nodules and primary hyperparathyroidism (HPT) are highly prevalent 
endocrine disorders. Fortunately, almost 100 % of parathyroid tumors and more 
than 95 % of thyroid nodules are benign. Some patients with thyroid nodules will 
need surgery for diagnostic purpose despite the improved accuracy of noninvasive 
procedures, and others for HPT. Complications of thyroid and parathyroid surgery 
such as recurrent laryngeal nerve (RLN) injury, superior laryngeal nerve injury, 
hypocalcaemia after total thyroid resection, and hemorrhage are not so rare and 
permanent complications can occur, respectively, at 2.1 % and 2.7 % RLN palsy, 
and hypoparathyroidism rates have been reported in a prospective multicenter study 
including departments specialized in endocrine surgery [ 1 ]. 

 Moreover, some patients in poor medical condition are contraindicated for a sur-
gical neck exploration for a local recurrence of thyroid carcinoma or for a parathy-
roid adenoma because of a high risk of surgery and/or general anesthesia. 

 This is why minimally invasive or noninvasive methods have been developed to 
ablate thyroid nodules and parathyroid glands without surgery: percutaneous etha-
nol injection therapy, percutaneous thermal procedures (radiofrequency ablation, 
laser coagulation), microwave ablation, and high-intensity focused ultrasound 
(HIFU) [ 2 ]. 
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 HIFU has been studied for 50 years, with recent technological developments 
allowing its use for tumors of various sites. This technique was initially employed 
to treat localized prostate cancer [ 3 ] and is currently widely used in clinical practice 
in this indication. A recent review showed that localized prostate cancer could be 
eradicated by HIFU with a reduction of associated side effects of radical treatment, 
although long-term follow-up studies are still needed to evaluate cancer-specifi c 
and overall survival [ 4 ]. In the fi eld of prostate cancer, HIFU has also been described 
among salvage local therapies after failure of radiotherapy [ 5 ]. 

 For other tumor locations, clinical applications are still to be established [ 6 ]. 
With the exception of prostate cancer, literature is relatively poor. However, recent 
technological developments allow its use for tumors of the liver to treat unresectable 
advanced stages of hepatocellular carcinoma and liver metastases [ 7 ]. 

 Concerning HIFU ablation of thyroid nodules or parathyroid glands, there is no 
randomized cohort studies. The only reported experience is limited to studies from 
two teams using this procedure to treat thyroid nodules [ 8 ] or HPT [ 9 ]. 

 The fi rst experience of HIFU for localized thyroid tissue ablation in an animal 
was published only 10 years ago by Esnault O. et al. [ 8 ]. This preliminary study 
confi rmed the possibility of using HIFU for ablation of a defi ned area in thyroid 
tissue in an experimental model performed in ewes with a device not fully suitable 
for this purpose (it was a device for prostate cancer treatment). An additional study 
was performed on ewes to evaluate the reproducibility of a HIFU prototype designed 
specifi cally for human use [ 10 ]. First human feasibility studies are very recent since 
HIFU ablation of thyroid nodules was published only in 2011 for 25 patients 
included from 2003 to 2006 [ 11 ], and HIFU ablation of parathyroid adenoma was 
only reported in 2010 (4 patients, date of inclusion unknown) [ 9 ]. 

8.1     Technique 

 The originality of HIFU ablation is that this procedure induces thermal destruction 
without any skin penetration. It delivers a large amount of heat energy to a restricted 
space, where ultrasound (US) produces necrosis with a minimum effect on sur-
rounding structures. Energy deposit caused by the interaction between high- intensity 
US and the tissue will raise the temperature locally in the target area [ 6 ]. 

 Ultrasound guidance is used to position the device accurately over the right or 
the left lobe of the thyroid: an extracorporeal probe (3 MHz frequency) can locate 
the zone to be treated during the session and trachea, esophagus, and other parts 
potentially at risk such as the carotid are carefully avoided. 

 Two parameters must be defi ned: acoustic intensity and focus of the US beam. 
Acoustic intensity is usually set at around 100 W/cm 2 . The focus of US beam is 
activated by using multiple, convergent, and specifi c transducers, creating a concen-
tration of energy at a focal point and producing the ablative effect. Focus within the 
tissue is highly collimated and allows an energy concentration that is followed by an 
increased temperature within the focal volume, resulting in tissue coagulative 
necrosis. Multiple impulses are needed to induce an ablation volume of clinical 
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signifi cance. An effective treatment area of 2 mm in diameter by 5 to 8 mm in depth 
is obtained for each sequence of US impulses, which generally lasts about 5 s. For 
each treatment cycle, around 100 J of energy are delivered, heating up the focal 
point, the objective being to exceed 70–75 °C locally in order to destroy the target 
cells. This method is extremely accurate since energy drops sharply outside the 
focal zone: tissue 0.3 mm away from the point focal remains unchanged [ 12 ]. 

 The procedure is usually performed under conscious sedation, can be employed 
in an ambulatory setting, and requires from 1 h to a few hours to achieve an effective 
volume ablation [ 11 ]. Local anesthesia is administered on the skin, and in some 
cases, inside the nodule itself. Not every thyroid nodule can be treated all at once, 
but experience in prostate disease shows that a 40 g prostate can be entirely treated 
in one session [ 13 ]. For thyroid nodules, HIFU can be repeated if the fi rst treatment 
was incomplete: it was the case for 2 patients (out of 25 in the clinical study) who 
had a second HIFU session on day 8 for no signifi cant reduction in vascularization 
in the treated nodule by Doppler ultrasonography [ 11 ].  

8.2     Indications 

 Clinical experience is limited and no study was performed to compare HIFU abla-
tion with other noninvasive or minimally invasive alternative treatments such as 
ethanol injection therapy, radiofrequency ablation, or laser coagulation [ 14 ]. 

 As with diagnostic US, sound waves do not pass through air or solid structures, 
like bone. This prevents the treatment of tumors behind the sternum (substernal 
goiter and mediastinal parathyroid adenoma). 

8.2.1     Thyroid Disease 

8.2.1.1     Euthyroid Nodular Goiters 
 HIFU ablation could be used to treat benign or malignant lesions of the thyroid 
without having to resort to surgery and without disrupting any subsequent treat-
ment. However, the only clinical data on HIFU ablation for the thyroid gland nod-
ules come from a single research center [ 11 ,  14 ,  15 ]. In an open feasibility study, 25 
patients were treated with HIFU two weeks before surgery for nodular goiter [ 11 ]. 
Treatment was disrupted in 3 patients. Among the remaining 22 patients, macro-
scopic and histological examinations showed that all lesions were confi ned to the 
targeted nodule without affecting adjacent structures. Although 17 out of the 22 
treated patients showed no US change in nodule size at 15 days, an extent of nodule 
destruction (ranged from 2 to 80 %) was observed on pathology in every patient, 
including 5 patients who had over 20 % pathological lesions unmistakably attrib-
uted to HIFU: Typical lesions were coagulative necrosis, multiple fi brotic scars, 
thrombosis, surrounding a cystic area; less specifi c lesions associated with ultra-
sound changes were noncoagulative necrosis, hemorrhage, nodule detachment, 
cavitations, and cysts). The last three patients ablated at a highest energy level 
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showed a signifi cant ultrasound change and complete coagulative necrosis in 80 %, 
78 %, and 58 % of the targeted area, respectively.  

8.2.1.2     Nodular Hyperthyroidism 
 A pilot study of HIFU ablation of a single 8 mm toxic nodule was also recently 
reported [ 15 ]: 2 weeks after treatment, the nodule had become cystic with a nonvas-
cularized hypoechoic scar of 1.4 × 1.6 mm at 12 and 18 months. Biologic euthyroid-
ism was achieved at 3 months with a TSH = 1.91 μU/mL and was maintained at 6, 
12, and 18 months. Thyroid scintigraphy performed 18 months after treatment 
showed a recovery of the thyroid iodine uptake.  

8.2.1.3    Not Estimated Indications 
 HIFU ablation has not been studied in thyroid carcinoma as an alternative treatment 
to surgery. However, in the only fi eld largely studied in the literature for impact of 
HIFU ablation on survival of a solid organ cancer, prostate carcinoma, HIFU seems 
to result in short- to medium-term localized cancer control, although long-term 
follow-up studies are needed to evaluate cancer-specifi c and overall survival [ 4 ]. If 
the promising results on HIFU for defi nitive treatment of prostate cancer were con-
fi rmed in future prospective trials, this procedure could be studied in the manage-
ment of localized thyroid carcinoma. 

 HIFU ablation could also be interesting in patients with a neck recurrence after 
total thyroid resection for carcinoma with no possible surgery for local or general 
reasons. This procedure could theoretically reduce nonresectable tumors but experi-
mental and clinical studies are to be set up since there is actually no reported experi-
ence on HIFU ablation of neck recurrences.   

8.2.2     Parathyroid Neck Disease 

 Clinical data on the parathyroid gland are also limited. Only one team from Bulgaria 
reported clinical experience of HIFU ablation on hyperparathyroidism. 

 A feasibility study was performed in 4 patients [ 9 ] followed by a clinical study 
that was conducted in patients with a secondary HPT [ 16 ]: Five chronic hemodialy-
sis patients with severe HPT underwent one to three HIFU treatments. They had at 
least one enlarged parathyroid gland. This fi rst experience illustrated the procedure 
potential benefi ts with a marked decrease of serum parathyroid hormone (PTH) 
achieved in three patients, but also its limitations, since in the long run, HIFU treat-
ment was successful in only two patients. Authors concluded that the presence of 
diffuse major parathyroid hyperplasia in three or more glands clearly was a limitation 
for the success of the HIFU method, as well as the accessibility of the targeted gland. 

 In a more recent study, the same team studied in patients with primary hyperpara-
thyroidism (PHPT) [ 17 ]: 13 patients PHPT were eligible for HIFU treatment, per-
formed in 1 or 2 sessions. A signifi cant parathyroid volume reduction was observed 
after the fi nal HIFU treatment. Similarly, PTH decreased signifi cantly 1 month after 
HIFU therapy and the value remained lower during the following months. However, 
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6 months after the fi nal HIFU session, PTH decreased from 5.7 to 75.3 % (mean 
48 ± 28 %) in ten patients, while in three others an increase of PTH was observed. 
Permanent cure was obtained in 3 patients (23 %, all after 2 HIFU sessions), and 
good control of the disease was achieved in 9 patients (69 %, including 7 patients 
after only 1 HIFU session and 2 after 2 sessions); the procedure was unsuccessful in 
1 patient (8 %) only. Number of sessions was signifi cantly related to treatment suc-
cess ( p  < 0.05). Authors concluded that HIFU was a promising noninvasive technique 
for PHPT treatment, which could serve as therapeutic alternative for selected patients.   

8.3     Experience and Complications 

 Although clinical experience is limited, fi rst pilot studies were useful in evaluating 
specifi c risks of HIFU ablation of thyroid nodules or parathyroid glands but morbid-
ity needs to be assessed on a larger scale. 

 In the preliminary animal study [ 8 ], some injuries to neighboring organs, such as 
skin, trachea, esophagus, and recurrent nerves, were observed; however, the device 
that was used in this study was not fully suited for this purpose. 

 In clinical studies, no long-term side effects are described, especially those affect-
ing the recurrent nerves (permanent recurrent laryngeal nerve palsy) or the trachea. 

 Pain and skin damage are the most common HIFU-related adverse events. 
 In the clinical trial of HIFU ablation of thyroid nodules, three patients among 25 

(12 %) discontinued treatment due to pain or the appearance of skin microblister 
[ 11 ]. Skin blisters appeared with increasing energy levels. In this study, adaptation 
of treatment parameters allowed to reduce the focal point and thus cutaneous prob-
lems. Local subcutaneous edema was also quite frequent (23 %) but was mild and 
transient, disappearing in a few days [ 16 ]. 

 Patient discomfort and pain increase proportionally with increases in delivered 
energy, and pain ceases between pulses. Transient cough is also a frequent compli-
cation with an 8 % rate [ 11 ]. 

 Vocal cord palsy is the most feared complication. However, fi rst reported experi-
ences show that vocal cord mobility impairment were always transient, although 
their rates varied a lot since they ranged from 0 % [ 11 ] to 23 % (3/13 patients) [ 17 ] 
and even 40 % (2/5 patients) [ 16 ]. It is related to the depth of the thyroid nodule or 
the parathyroid adenoma since they require higher pulse acoustic energies to over-
come the absorption by tissues between the skin and the nodule. On the other hand, 
location of the thyroid nodule or the parathyroid gland (superior or inferior) and the 
applied energy do not seem to be risk factors [ 17 ].  

8.4     Management of Complications 

 It is necessary to adapt the analgesia to the degree of energy delivered. Conscious 
intravenous analgesia is delivered in all cases and an additional injection of the 
nodule with 1 % lidocaine under sonographic guidance can be done to prevent pain. 
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However, injection into the nodule could cause dissipation of thermal energy due to 
the locally induced edema, and conversely, local vasoconstriction may decrease the 
energy required for ablation [ 11 ]. 

 Risks of recurrent nerve palsy and skin damages can be reduced with the 
improvement of the technique, including patient selection, preoperative localization 
of the nodule, treatment targeting assessments of the volume treated, and a better 
understanding of the factors that infl uence HIFU-induced tissue destruction.  

    Conclusion 

 HIFU appears as the potentially less invasive procedure due to the absence of 
skin penetration. Currently, advantages of this technique can be established: Age 
of the patient and numerous concomitant diseases do not represent limitation for 
treatment; HIFU can be performed as an outpatient procedure. 

 However, the high cost of the specifi c equipment, its limited availability, treat-
ment duration, and very limited data do not allow a large use in current clinical 
practice. Moreover, we should be very careful for patients with HPT: The high 
risk of recurrent laryngeal nerve injury in patients treated with HIFU should limit 
this procedure to a very few selected patients. Larger studies are needed to estab-
lish the optimal treatment protocol and to better defi ne the selection of patients.     
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         In the last few decades, the introduction of US-guided mini-invasive techniques 
such as percutaneous ethanol injection (PEI), laser thermal ablation (LTA), and 
radiofrequency thermal ablation (RFA) has dramatically changed the approach to 
benign thyroid nodules, for which surgical excision had previously been the sole 
defi nitive treatment option [ 1 ,  2 ]. Quite recently, high-intensity focused ultrasound 
(HIFU) [ 3 ] and microwave (MW) [ 4 ] have been preliminarily reported as potential 
tools for thermal ablation. 

 The advantages of mini-invasive techniques are that they are less expensive and 
have fewer complications [ 5 ] than surgery, they do not require a general anesthesia, 
they are fast, and the patients can generally be discharged soon after the procedure. 
Therefore many patients at high surgical or anesthesiological risk can be safely 
treated this way. Another important advantage is that they do not affect thyroid 
function [ 6 ] and do not leave skin scars. 

 Despite these evident advantages, and the increasing diffusion of mini-invasive 
techniques, some critical issues still remain, regarding both technical and clinical 
aspects; we therefore review these issues, with the aim of focusing on the implica-
tions for clinical practice. 

9.1     PEI 

 PEI has been proven as a fast and cheap tool for treating both cystic and solid nod-
ules, as well as lymph nodal metastasis of differentiated thyroid cancer. 
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  Solid Cold Nodules     Bennedbaek et al. in a randomized study aiming to compare a 
single PEI session with  l -thyroxine reported a volume reduction of around 50 % 12 
months after PEI, whereas medical therapy was almost ineffective [ 7 ]. Further treatment 
sessions were able to induce only small additive effects, which were also confi rmed by 
another report [ 8 ]. The most relevant drawback of this method is the possibility of leak-
age of alcohol into the surrounding neck tissue, causing immediate pain and long-term 
development of fi brotic scars, which could create diffi culties in tissue dissection in case 
of subsequent surgical intervention [ 9 ]. Moreover, rare, laryngeal nerve damage can 
occur. The factors that could predict the outcome were specifi cally assessed by Kim 
et al., who reported a signifi cant association of nodule vascularity and degree of intrano-
dular echo-staining just after ethanol injection with a successful outcome, while such 
association was not observed with regard to nodule size, ratio of cystic component, 
amount of infused ethanol, and the number of treatment sessions [ 10 ].  
  Solid Hot Nodules     Some studies have been carried out in autonomous nodules, but 
none was prospective and randomized. Multiple sessions were required to obtain 
normalization of TSH levels, which was obtained in all pretoxic adenomas, but in 
only 71 % of nodules causing overt hyperthyroidism [ 11 – 14 ]. Regrowth of the nod-
ules associated with recurrence of hyperfunction is not uncommon in the long-term 
follow-up [ 14 ]. The side effects are the same as those seen in cold nodules.  
  Cystic nodules     Many studies have shown the effi cacy of PEI in cystic nodules, 
both pure cystic and hemorrhagic, as well as in those with a minor solid component 
[ 15 ,  16 ]. Bennedbaek et al. showed a greater effi cacy of PEI vs. saline in cystic 
nodules (82 % of success rate vs. 18 %) [ 17 ]. The shrinkage has been shown to last 
for a long time [ 16 ]. (For comparison of PEI with LTA and RFA, see below in the 
paragraph concerning thermoablative techniques.) The outcome was inversely 
related to baseline volume and to the number of previous aspirations; moreover it 
has been suggested that internal bleeding could reduce the effi cacy of PEI [ 18 ].  
  Recurrent Cervical Cancer     Sixty-three patients with 109 neck lymph node 
metastases treated by PEI underwent follow-up for a mean time of 38.4 months. 
84 % of the lymph nodes completely responded to PEI, and 9 % responded incom-
pletely. In the follow-up, a cancer recurrence was seen in two nodes. The treatment 
was well tolerated in all patients [ 19 ]. In a long-term follow-up of an average of 
5.4 years, 25 patients with neck nodal metastasis showed a decrease in size in 95 % 
of the treated nodes, and blood fl ow was undetectable at Doppler evaluation. 46 % 
of the nodes disappeared on US [ 20 ].  

  To summarize ,  according to clinical experience and to the suggestions of the cur-
rent available guidelines ,  PEI is the treatment of choice for cystic or mainly cystic 
nodules which recur after aspiration  [ 21 ,  22 ].  Concerning the solid nodules ,  both 
cold and autonomous ,  the risk of alcohol diffusion outside the nodule, and the need 
for multiple sessions  ( in particular in order to obtain function normalization in hot 
nodules ),  the use of PEI is limited to a few selected patients and has nearly been 
abandoned in most centers ,  where it has been replaced by thermoablative tech-
niques  ( see below ).  In centers with extensive experience ,  PEI could be considered 
to selectively treat neck nodal metastasis of well-differentiated cancer in patients 
who had previously undergone surgical dissection or are at high surgical risk  [ 23 ].  
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9.2     Laser and Radiofrequency Thermal Ablation 

  Laser Disposals     Laser ( l ight  a mplifi cation by  s timulated  e mission of  r adiation) is 
able to induce necrosis coagulation of the tissues by heat generated by the interac-
tion of photons transmitted by the tip of an optical fi ber within the tissue. From a 
technical point of view, one of the main advantages of laser technology is that the 
area of tissue damage is predictable with high precision: indeed a single fi ber 
induces coagulative necrosis with a spherical volume of about 20 mm in diameter 
[ 24 ]. Larger areas of necrosis may be obtained by inserting multiple fi bers (two to 
four) 15–18 mm apart.  
  Radiofrequency Disposals     Radiofrequency can be carried out using various 
devices. In our country, we [ 25 ] and others [ 26 ] at fi rst used a rather large 14 G nee-
dle, with nine tips inside, which were expanded after the needle was inserted inside 
the nodule, to spread heating. Thereafter, two new devices became available, one 
with four expandable tips and the other, slightly thinner, with a single tip. At the same 
time, in Korea, a new thinner 18 G internally cooled needle (and more recently 19 G) 
was made available, with an active tip of 5–15 mm in length. Using this device, JH 
Baek proposed a new technique for treatment, called moving shot [ 27 ]. The main 
advantage of the moving-shot technique is that it allows us to treat almost the whole 
nodule; besides, the trans-isthmic approach makes it possible for the operator to 
spare the inner area of the nodule, the so-called danger triangle, which is close to the 
laryngeal nerve. At present the “moving-shot” technique is the best choice for RFA, 
due to its relative handiness, the cost of the device, and its effi cacy.  
  Learning Curve     It is generally believed that the learning curve is rather short. In 
our practice, the experience in this technique has enabled us to progressively deliver 
more energy and to treat the nodules more extensively, thus achieving better results. 
We have also realized that a large number of sessions are required to acquire confi -
dence with these techniques and that extensive experience is required to minimize 
the complications of thermal ablation. We can argue that at least 30–40 cases are 
required to achieve a solid skill.  

9.2.1     Are There US or Clinical Features or Physical Parameters 
Which Can Predict the Extent of Volume Reduction? 
Or That Can Predict Poor Response? 

  Radiofrequency     In the experimental animal, Holmer et al. showed a dose–
response relationship for RFA of thyroid tissue [ 28 ], but this was not confi rmed in 
humans, probably because other infl uencing parameters intervene, such as vascular-
ity of the nodules, the presence of fi brosis, and so on. Indeed, the human studies 
which addressed this topic provided confl icting results, due to different method-
ological approaches (number of treatment sessions, time of follow-up, differences 
in nodule volume, etc). In most reports an inverse relationship was found between 
basal volume and solidity and the extent of shrinkage [ 25 ,  26 ,  29 – 31 ], while other 
reports failed to show a similar relationship. In our fi rst report we were unable to 
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fi nd a relationship between volume reduction of nodules treated by large electrode 
with nine tips and the amount of delivered energy [ 25 ]. Working together with 
Baek’s group, we recently found, using moving-shot technique, that the energy 
delivered per mL of tissue volume was the only factor related to volume reduction 
observed at 6 months, while the time of effective treatment and the total energy 
were not critical [ 32 ].  
  Laser     A signifi cant correlation was reported in 2004 by Pacella et al. between 
energy delivered and volume of coagulation achieved and between energy delivered 
and reduction in nodule size [ 32 ], but this observation was not confi rmed by other 
authors [ 34 – 36 ]. Furthermore, the initial nodule volume [ 32 ,  35 ,  37 ] and the echo-
structure [ 32 ,  36 ,  37 ] of the nodules did not seem to infl uence the response to treat-
ment, whereas Valcavi et al. reported that the spongiform aspect was the only US 
feature which was predictive of good shrinkage; furthermore, smaller nodules 
showed a trend toward greater shrinkage [ 38 ].  

  To summarize ,  data in literature  ( which is in agreement with our experience in 
about 400 cases )  point to the spongiform aspect as the only US feature that predicts 
a good shrinkage ;  moreover ,  as a general rule ,  the larger initial volume is predic-
tive of less response ,  as well as the nodule conglomerate . 

 As to factors predictive of poor response, extensive fi brosis and coarse calcifi ca-
tions could limit the effi cacy of the treatment by impairing the heat diffusion within 
the nodular tissue. What is more, some observations suggest that an increase of 
intranodular blood fl ow could reduce the extent of ablation through perfusion- 
mediated tissue cooling [ 39 ], but this is in contrast with other fi ndings that hyper-
functioning nodules, which in general have an increased internal blood fl ow, had a 
volume reduction similar to cold nodules [ 25 ,  40 ]. 

 Another factor that we should consider is the temperature reached during treat-
ment; indeed, when we aim to destroy tissue by heat, whatever the adopted tech-
nique, the best results are obtained when the temperature ranges between 50 and 
100 °C; this is when irreversible damage and coagulation necrosis occur, while at 
higher temperatures carbonization takes place, which impairs the diffusion of heat 
to the surrounding tissue. Therefore it is essential that the operator maintains an 
adequate temperature during treatment (this could be obtained infusing saline solu-
tion inside the nodule during the procedure in order to prevent overheating the 
tissue).  

9.2.2     What Is the Best Nodule Volume for Treatment? 

 One of the most intriguing issues, and one which is closely related to the above 
considerations, is what is the optimal nodule size in order to obtain the best results. 
In other words, do we have to wait for the nodule to grow or do we treat it when it 
is still rather small? By intuition, an early treatment could be advantageous, but 
small nodules are generally asymptomatic, so an interventional procedure (though 
quite safe) could be unjustifi ed, bearing in mind that there are no criteria to predict 
the growth of a nodule. On the other hand, very large nodules could show a less 
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satisfactory shrinkage. Indeed Baek et al. reported that RFA is less effective in nod-
ules more than 4 cm in size [ 39 ]. 

 In our experience of using RFA by moving-shot technique, the best volume 
reduction was obtained in nodules less than 15–20 mL in volume, which showed a 
shrinkage greater than 60 %, while in larger nodules (up to 25–30 mL), the reduc-
tion was less than 40 % (unpublished data, Fig.  9.1 ).  

  To summarize ,  in our opinion the optimal volume for submitting patients to ther-
mal ablation is less than 20 mL  ( provided the nodules are responsible for compres-
sive or aesthetic discomfort ).  Larger nodules can be effectively treated ,  bearing in 
mind that volume reduction could only be partial ,  but that it could be enough to 
relieve compressive symptoms ,  which ,  in most cases ,  is the primary objective of 
thermal ablation ,  and that more treatment sessions could be performed in order to 
obtain further reduction in size .  

9.2.3     Is Thermal Ablation Better Than PEI in Cystic Nodules? 
Is There a Limit in the Solid/Colloid Ratio for Selecting 
Nodules to Submit to Mini-Invasive Procedures? 

 Sung initially reported a superiority of PEI vs. RFA in cystic nodules, but in their 
fi rst experience, internal fl uid was not aspirated before RFA [ 41 ]. In a more recent 
prospective trial of the same authors, at six-month follow-up volume reduction was 
96.9 % in the PEI group and 93.3 % in the RFA group [ 42 ]. 
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  Fig. 9.1    Volume reduction at 6-month follow-up after a single RFA session performed by moving- 
shot technique, according initial nodule volume       
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 PEI is less effective for treating thyroid nodules with a larger solid component [ 18 ], 
so further thermal ablation could be required to achieve signifi cant shrinkage [ 43 ,  44 ]. 
  Laser     Dossing et al. randomized 44 cystic nodules to single aspiration with or 
without subsequent LTA. A reduction to a volume ≤ 1 ml was reported in 18 % in 
the aspiration group and in 68 % of the LTA group (thanks to a greater reduction of 
the solid part of the nodules induced by LTA) [ 45 ].  

  In summary ,  no clear superiority of a technique over the other in cystic nodules 
has been demonstrated ,  but PEI is by far less expensive than thermal ablation ; 
 therefore it is defi nitely preferable. Only large mixed nodules with a considerable 
solid portion could be sequentially treated by PEI and thermal ablation to obtain a 
more complete volume reduction .  

9.2.4     How Frequent Is Nodule Regrowth? How Long Does 
Volume Reduction Last? 

  Radiofrequency     Lim et al. followed 111 patients for up to 4 years; a regrowth 
(defi ned as a > 50 % increase in the volume compared to initial volume) was recorded 
in 5.6 % of the patients. The regrowth generally affected the peripheral areas of the 
nodule, which had been undertreated [ 29 ].  
  Laser     Valcavi et al. in a retrospective 3 year follow-up reported a regrowth (defi ned as 
an increase to a volume larger than that before treatment) in 9 % of the subjects [ 38 ]; 5 % 
of 101 nodules treated by Papini et al. showed a regrowth (defi ned as a >20 % increase 
vs. the one-year posttreatment volume) 36 months after a single LTA session [ 37 ].  

  In summary ,  the effects of thermal ablation generally last over time ,  and a 
regrowth of the treated nodules occurs in only 5–10  %  of cases. The regrowing nod-
ules can be further treated by thermal ablation or surgically ;  in few of our patients 
who were operated on because of a poor response to RFA ,  no scars were found in 
the extranodular tissue which could impair the outcome of the surgery. This clinical 
observation is in agreement with the fi ndings of Holmer et al. who in experimental 
animals showed a clear demarcation between areas of radiofrequency induced 
necrosis and the surrounding vital tissue  [ 28 ].  

9.2.5     Is a Single Treatment Session Enough? How Many Repeated 
Treatment Sessions Are Required to Significantly Increase 
the Nodule Volume Reduction? How Long After the First 
Procedure Can a Second Treatment Be Planned? 

  Radiofrequency     In 58 out of 111 patients reported by Lim et al., more than one 
treatment session (mean 2.2 ± 1.4) was required to achieve an adequate shrinkage of 
the nodule, and the need of multiple treatments was related to the initial volume of 
the nodule [ 29 ].  

 Hu HY enrolled 30 patients with a nodule volume of about 13 mL, randomly assigned 
to receive one or two treatments; at six months volume reduction was 70.2 +/− 13.2 % 
in the group assigned to one treatment, while in the patients who received two treatment 
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sessions one month apart, the volume reduction was 78.3 %. Thus, a second treatment 
produced a slight but not signifi cant further benefi t [ 46 ]. We can speculate that the sec-
ond session was performed too early after the fi rst treatment. 
  Laser     Dossing et al. showed that the volume reduction induced by three monthly 
LTA sessions was slightly but signifi cantly greater than that induced by a single ses-
sion (58 % vs. 45 %,  p  = 0.03) [ 47 ].  

 In a series of 77 patients with very large nodules (mean volume about 55 ml) 
treated by two or three LTA cycles (each consisting of three sessions 1 month apart), 
volume reduction was 43 % after one cycle, 72 % after two cycles, and 81 % after 
three cycles [ 48 ]. 

  In summary ,  a second or third procedure is able to obtain a further volume 
reduction of 15 – 20  %,  which could lead to a global reduction of about 80  %  or 
more ;  in our opinion more treatment sessions should be considered for larger nod-
ules ,  when a signifi cant portion of untreated tissue remains after the fi rst procedure 
and / or when the patient complains of incomplete resolution of the symptoms. 
However ,  in these cases ,  a careful analysis of the cost - effectiveness should be per-
formed ,  taking into account the cost of the many devices required ,  the clinical con-
dition of the patients, and the aim of the treatment . 

  As regards the timing of a second treatment ,  up until now no studies have specifi -
cally investigated this issue ,  but ,  as the maximum volume reduction is obtained 
between 6 and 12 months after the fi rst thermal ablation ,  it would be reasonable to 
plan it after this period of follow - up .  

9.2.6     Are the Hyperfunctioning Nodules Suitable for Thermal 
Ablation? 

  Laser     As far as hyperfunctioning nodules are concerned, complete normalization 
of thyroid function was observed in 100 % of patients with small lesions treated by 
Spiezia et al. three months after a single LTA session [ 49 ], but in only 31 % of 
patients treated by Pacella et al. with a mean of 2.7 LTA sessions, despite good vol-
ume reduction [ 33 ]; moreover, LTA was shown to be inferior to 131I in normalizing 
serum TSH [ 50 ]. Interestingly, the combination of LTA and 131I in very large 
hyperfunctioning nodules obtained a more rapid reduction of the nodule volume 
and of compressive symptoms than 131I alone; furthermore, the patients treated by 
laser required lower 131I activity [ 51 ].  

 Amabile et al. treated large (>40 mL) hyperfunctioning nodules by 1 to 3 cycles of 
LTA (each cycle consisted of three sessions performed at an interval of 1 month); 
normal serum TSH was obtained in 87 % of the patients after three cycles of LTA [ 48 ]. 
  Radiofrequency     A complete recovery of hyperthyroidism was seen in 22–40 % of 
patients with toxic nodules treated by different radiofrequency techniques, whereas 
an improvement in thyroid function, allowing a reduction of the methimazole dose, 
occurred in 40–78 % of cases [ 25 ,  40 ,  52 ].  

 Some evidence suggests that the effi cacy of RFA in hot nodules depends on the 
extent of hyperfunction, pretoxic nodules showing a normalization of their function 
more frequently than toxic nodules [ 26 ]. 
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  In summary ,  thermal ablation should not be the fi rst choice for the treatment of 
hyperfunctioning thyroid nodules ,  due to the diffi culty of obtaining complete abla-
tion of the whole nodular tissue ,  so the peripheral untreated areas could maintain 
hyperactivity  [ 53 ].  On the other hand ,  radioiodine treatment is more effective in 
nodules  <  4 cm and is by far less expensive ,  while surgery is the best choice for very 
large nodules following a course of antithyroid drugs to normalize thyroid function , 
 providing there are no serious contraindications to surgery. We argue that ther-
moablation may be considered in two opposite conditions ,  the fi rst being small 
autonomous nodules in young patients who refuse surgery or radioiodine  ( though , 
 this is not a frequent condition ),  because a complete ablation can be achieved ,  and 
the second being very large nodules in patients at high surgical risk ,  in combination 
with radioiodine .  

9.2.7     Is There a Risk of Not Detecting Malignancy in Nodules 
Undergoing Thermal Ablation? 

 In the series with the longest follow-up, no malignancies are reported [ 29 ,  37 ,  38 ,  
 54 ,  57 ]; in our experience no cases of malignancy were found, and in those few 
patients who underwent subsequent surgery due to poor response to thermal abla-
tion, the histological examination confi rmed the benignancy. 

 If we examine this problem from the opposite point of view, we cannot ignore 
that in patients undergoing surgery for benign thyroid nodules, microcarcinomas are 
occasionally found on histological examination. This aspect is highlighted in the 
study of Bernardi et al., who compared RFA and surgery; in their series of 74 
patients operated on, 8 microcarcinomas were found on histology [ 55 ]. However, 
this percentage seems quite elevated; we believe that there is a strong bias related to 
the retrospective analysis. 

  In summary ,  the risk of malignancies is almost inexistent ,  providing that an 
accurate cytological evaluation has been carried out before treatment, possibly by 
performing two FNABs. Furthermore ,  we can speculate that small foci of cancer 
which are occasionally present inside the nodule could be ablated by heat .  

9.2.8     Is There a Precocious Thyroid Hormone Release After 
Treatment Causing Risk of Transient Thyrotoxicosis? 

 Both our group and Baek et al. did not report any case of hyperthyroidism in patients 
with nodules treated by RFA, neither cold nor autonomous [ 25 ,  27 ,  52 ]. 

 A transient TSH decrease and fT4 increase were seen by Valcavi et al. at day 1 
and week 1, respectively, after LTA; they returned to baseline levels within one 
month. Serum fT3 did not change. Two patients developed overt hyperthyroidism 
one month after the procedure, associated with a transient TRAb peak, and were 
treated with methimazole and 131I, respectively [ 38 ]. No changes in thyroid func-
tion or antithyroid antibodies were reported in the recent trial of Papini et al. [ 37 ]. 
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  These observations give evidence that the risk of symptomatic thyrotoxicosis 
after thermal ablation is negligible .  

9.2.9     Is Thermal Ablation Cost-Effective? 

 This issue has been accurately and extensively addressed by Bernardi et al., who 
demonstrated that a single RFA session is cheaper than hemithyroidectomy 
(1,661.50 euros vs. 4,556.30) [ 55 ]. According to the analysis performed by the 
aforementioned authors, RFA could still be advantageous in patients with very large 
nodules who require further treatment sessions; indeed, we have to note that such 
patients are generally poor candidates for surgery due to their age or clinical condi-
tions. Therefore, we should also take into account this aspect in the overall evalua-
tion of the cost/benefi t ratio in these cases. 

 The same considerations could be applied to the LTA, bearing in mind that the 
cost of the latter procedure is dependent on the number of fi bers which are used in 
any single session (about 300–400 euros/fi ber). We can argue that the cost of LTA is 
inferior not only to that of the surgery but even to that of radiofrequency when small 
nodules are treated by one or two fi bers, while it could be similar to or greater than 
that of RFA when three or four fi bers are required to treat large nodules. These 
aspects should be taken into consideration in the choice of the technique to be used 
for individual patients in centers, such as our institution, where both laser and radio-
frequency are adopted.  

9.2.10     Is Thermal Ablation Suitable for Treating Thyroid Cancer? 

9.2.10.1     Local Recurrent Thyroid Cancer 
  Radiofrequency     Dupuy et al. fi rst reported signifi cant disappearance of vascular 
fl ow, coupled with necrosis of the regional recurrencies of papillary and follicular 
carcinomas in eight patients treated by RFA [ 56 ]. The same group treated twelve 
other patients, undergoing a mean follow-up at 41 months: no regrowth occurred in 
over 80 % of the subjects [ 57 ]. However, a case of vocal cord paralysis was reported 
in each series.  

 Park et al. treated 16 patients with cervical nodal metastasis responsible for local 
symptoms using one RFA session and reported complete ablation in six cases at 
6-month follow-up, while in the other patients ablation was incomplete, mainly due 
to early interruption of the procedure due to severe local pain or the proximity of the 
node to vessels [ 58 ]. Ten patients in one of the Baek et al. series showed a signifi -
cant volume reduction and 6 lesions completely disappeared. One patient com-
plained of vocal cord paralysis [ 59 ]. 

 We treated few cases of recurrent thyroid cancer by RFA: in a patient with a large 
cervical metastasis with ulcerated skin, an important shrinkage, followed by skin 
healing, was seen (unpublished observation). In another case RFA induced a sub-
stantial volume reduction of metastatic cervical lymph nodes. 
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  Laser     Some reports pointed to a signifi cant volume decrease (and in most cases 
complete disappearance) of cervical nodal metastasis of papillary cancer after LTA 
and a parallel reduction of serum thyroglobulin. There were no cases of regrowth 
[ 60 ,  61 ].   

9.2.10.2     Primary Tumor 
  Laser     Pacella et al. fi rst treated an anaplastic cancer by LTA, followed by external 
beam irradiation. The combined treatment obtained a volume reduction and an 
improvement in compressive symptoms lasting 4 months [ 33 ].  

 Another patient with aggressive anaplastic carcinoma reported no signifi cant 
improvement after LTA, and the disease rapidly progressed; this observation is in 
agreement with our experience in a case of a rapidly progressive anaplastic cancer 
undergoing RFA [ 62 ]. 

 Papini et al. successfully treated an 8 mm papillary microcarcinoma in an elderly 
patient at high surgical risk, with complete ablation, which persisted at 24-month 
follow-up [ 63 ]. 

 More recently, Valcavi et al. carried out LTA in 3 patients with papillary micro-
carcinoma (8 to 10 mm in diameter), who were candidates for surgery. Histological 
examination of the gland surgically excised immediately after LTA showed destruc-
tured and carbonized tissue, and lack of vitality was confi rmed by loss of TTF1 and 
antimitochondria antibody expression in the ablated area. In 2 cases microfoci of 
papillary cancer were detected in extranodal tissue, and lymph node metastasis was 
present in one patient [ 64 ]. 

  In summary ,  thermal ablation  ( by both laser and radiofrequency )  could be a use-
ful tool for palliative treatment of patients with recurrent cervical differentiated 
thyroid cancer ,  not amenable to surgical excision or radiometabolic treatment. With 
regard to primary tumors ,  the response of few anaplastic carcinomas was very poor , 
 so thermal ablation is almost useless in such cases. The preliminary reported cases 
of intrathyroidal papillary microcarcinomas treated by LTA seem to point to an 
effi cacy of this technique in inducing complete destruction of the lesions ,  though we 
have some concerns regarding this modality of treatment ,  due to the not infrequent 
multifocality of papillary cancer. Therefore ,  considering the very low morbidity of 
surgery and the impossibility of identifying tumor microfoci with currently available 
imaging techniques ,  at present we cannot advise thermal ablation as primary treat-
ment choice ,  with the exception of those very few patients at high surgical risk. 
However ,  considering the current trend toward a less aggressive treatment of intra-
thyroidal papillary cancer ,  this topic could be addressed by future trials .   

9.2.11     Is a Technique (Laser or Radiofrequency) More Effective 
Than the Other? 

 LTA is reported to be able to induce a reduction of the volume of benign thyroid 
nodules ranging between 36 and 60 %, depending on baseline volume, number of 
treatment sessions, and the morphology of the nodules [ 33 – 37 ,  65 ]. 
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 As well as LTA, the volume reduction obtained by RFA varies depending on the 
devices used, the baseline volume, and the other characteristics of the nodule. The 
reported reduction ranges between 50 and 84 % [ 25 ,  27 ,  30 ,  31 ,  40 ] and thyroid 
function is not compromised, even in patients who had previously undergone lobec-
tomy [ 6 ]. 

 Up until now, only one study was made on porcine thyroid gland to compare LTA 
and RFA, showing that both these techniques are suitable for singular thyroid nod-
ules and induce reproducible clinically relevant lesions; moreover, the maximum 
inducible lesion volumes by LTA were signifi cantly larger than by RFA [ 66 ]. 
However, it is not easy to translate these results to human nodular thyroid disease, 
due to different devices and experimental/clinical conditions. Furthermore, it is dif-
fi cult to attempt to compare the various clinical trials performed by radiofrequency 
or laser, due to differences in clinical and technical settings; the only two studies in 
which patients with nodules with similar volume (10–20 mL) were enrolled, were 
that of Papini et al., who treated patients with a single LTA session [ 37 ], and that of 
our group together with Baek who treated patients with a single RFA session [ 32 ]. In 
the former, at six-month follow-up the volume reduction was about 50 %, whereas in 
the latter it was about 66 %. However, in the long-term follow-up, the LTA- treated 
group showed a further reduction which attained a mean of 57 %; in our study the 
follow-up is at present shorter, so a long-term comparison is impossible. Therefore, 
while at a glance the RFA ablation could appear more effective in the short term, this 
is only a speculative remark, and no conclusions can be drawn, because the above 
studies were not designed to compare the two techniques. Only specifi cally addressed 
trials in standardized conditions could help us to clarify this issue.   

9.3     HIFU 

 HIFU was initially used for treating prostate cancer. More recently, HIFU has been 
used for ablating thyroid nodules or parathyroid adenomas in only two centers [ 3 , 
 67 ]. The HIFU ablation has the advantage of being a noninvasive procedure, since 
it delivers heat energy without penetrating the skin. The nodule can be treated selec-
tively in this way, avoiding damage to the surrounding thyroid tissue. The HIFU 
ablation is usually carried out under conscious sedation, can be performed as an 
outpatient procedure, and requires up to a few hours of treatment to achieve effec-
tive volume ablation [ 3 ]. 

 Regarding side effects, local pain or skin microblisters requiring interruption of 
the treatment were recorded in 12 % of the patients; however the most serious com-
plication is transient vocal cord paralysis, which was reported in a percentage rang-
ing from 0 to 40 %, in particular, in patients treated for parathyroid adenoma [ 67 ]. 

 However, due to high cost of the specifi c equipment, limited availability, treat-
ment duration, very limited data, and the rather high risk of recurrent nerve damage, 
HIFU is limited to a very few selected patients in centers with experience in this 
technique. Larger studies should be undertaken to defi ne the possibility of its use in 
clinical practice.  
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9.4     Microwave 

 Microwave ablation (MWA) has been used to treat benign and malignant tumors of 
various organs, and it has recently been adopted in few centers for the treatment of 
benign thyroid nodules. Compared to other thermoablative techniques, MWA seems 
able to induce a larger area of necrosis. 

 Feng et al. fi rst carried out a preliminary study in 11 patients (9 with nodular 
goiter and 2 with Hashimoto’s thyroiditis), undergoing unconscious anesthesia to 
allow the insertion of a 16 G microwave antenna inside the nodule (2 antennae were 
used in two patients). Baseline volume was 5.3 +/− mL; at 12-month follow-up, the 
mean volume reduction was 45.99 +/− 29.9 %. All patients complained of heat 
sensation and of a slight pain after the procedure; one patient showed vocal cord 
paralysis, which recovered within two months after steroids and vocal exercises [ 4 ]. 

 MWA has also recently been used in 21 patients to treat papillary microcarcinoma 
without apparent lymph node metastasis; complete ablation was obtained in all 
patients. Complete necrosis of the tumor was confi rmed in three subjects operated on 
shortly after MWA, as well as on fi ve patients undergoing biopsy. In the other patients 
US showed absence of vascularization of the treated lesions. No recurrence was 
recorded during the follow-up (mean 11 months). Four patients had transient vocal 
cord paralysis which spontaneously resolved a few months later [ 68 ]. 

 No randomized studies are currently available. Considering the small number of 
patients treated up until now, the need for unconscious anesthesia, and the reported 
complications, at present MWA cannot be recommended in clinical practice and 
should still be considered an experimental procedure.     
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  10      Minimally Invasive Video-Assisted 
Thyroidectomy (MIVAT)       
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10.1             Introduction 

 The traditional Kocher operation is characterized by a 10–12 cm long skin incision 
which results in a visible large scar in the neck. The main objective that led to the 
introduction of minimally invasive techniques to perform thyroidectomy was just 
the reduction of the cosmetic damage since the main part of patients who undergo 
thyroid surgery is represented by nearly young women, particularly careful to the 
cosmetic outcome in a very visible region like the neck. [ 1 ]. 

 In recent years, since the fi rst reported case of endoscopic parathyroidectomy by 
M. Gagner in 1996 [ 2 ], several minimally invasive techniques for thyroidectomy 
have been developed. [ 3 – 16 ]. 

 Some techniques which require the use of endoscope [ 3 – 14 ] and others which do 
not need its use [ 14 – 17 ] have been proposed. 

 Procedures that imply the use of the endoscope (purely endoscopic and video- 
assisted techniques) take advantages not only of the reduction of the incision length, 
as well as the minimally invasive operations, but also of the endoscopic magnifi ca-
tion. It consents to perform the same intervention through a very minimal access, 
with theoretical lower risk of complications, because of the optimal visualization of 
the neck structures (recurrent laryngeal nerve and parathyroid glands). 
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 The different techniques implying the use of the endoscope can be classifi ed in 
purely endoscopic [ 3 – 10 ] and video-assisted [ 11 – 14 ] procedures. In the totally 
endoscopic techniques, surgical dissection is completely carried out under endo-
scopic vision. This requires a continuous CO 2  insuffl ation [ 3 – 6 ,  9 ,  10 ] or the use of 
external devices (retractors) to maintain the operative space for dissection and tro-
cars positioning [ 7 ,  8 ]. 

 Among the totally endoscopic techniques, we fi nd both the procedures with cer-
vical access (fi rstly described by Gagner and subsequently utilized, even if modi-
fi ed, by some authors) [ 2 – 6 ] and the procedures with extra-cervical accesses, mainly 
supported by Asian authors who proposed approaches from the chest wall, the 
breast and the axilla, in order to avoid any visible scar in the neck and maximize the 
cosmetic outcome [ 9 ,  10 ]. 

 The totally endoscopic approaches have as major limit the more diffi cult dissec-
tion in comparison with conventional techniques, above all in case of extra-cervical 
accesses. They are diffi cult to be reproduced in different settings, especially by not 
skilled endoscopic surgeons, and they are technically demanding. Moreover, the 
totally endoscopic techniques with extra-cervical accesses, in order to maximally 
improve the cosmetic outcome, require an extensive and diffi cult dissection to reach 
the operation site from the far access, increasing the risk of complications and the 
invasiveness of the procedure. 

 The long operative time reported represents another major limit for the diffusion 
of these approaches. Moreover, the risks related to CO 2  absorption (hypercarbia, 
subcutaneous emphysema, metabolic acidosis) are not completely eliminated. 

 Probably, for all these reasons, the totally endoscopic procedures encountered 
only limited diffusion and are usually performed only by the proponents. 

 On the contrary MIVAT, short after its fi rst description in 1999 [ 11 ], gained a 
quite large worldwide diffusion, maybe because it combines the advantages related 
to the endoscopic magnifi cation with those due to its close similarity with the con-
ventional surgery that make it quite easy to be reproduced in different surgical set-
tings. Actually, it is a completely gasless procedure that reproduces in all the steps 
the conventional operation. The endoscope represents only a tool that allows to 
perform the same intervention through a very minimal skin incision [ 11 – 13 ,  18 ,  19 ]. 

 This makes a huge difference, in particular for surgeons not skilled in laparo-
scopic surgery, in comparison with the other endoscopic techniques which have an 
access completely different from conventional surgery. Moreover, the excellent visu-
alization of the neck structures due to the two- to threefold endoscopic magnifi cation 
permits an easy and prompt identifi cation of the laryngeal nerve and parathyroid 
glands, reducing the risk of nerve palsy and postoperative hypoparathyroidism. 

 The minimal access guarantees for an optimal cosmetic result. Moreover, the 
absence of neck hyperextension and extensive dissections results in less postopera-
tive pain. Several comparative studies have indeed demonstrated the advantages of 
MIVAT in terms of reduced postoperative pain, better cosmetic result and higher 
patient satisfaction over conventional thyroidectomy [ 20 – 26 ]. 

 Moreover, data from multicentre studies on large series of patients showed that 
MIVAT is a safe and quite easy to be reproduced technique. Obviously for obtaining 
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the best results, with similar or even less complication rate than conventional inter-
vention, surgeons should be well trained in both endocrine and endoscopic surgery 
[ 27 – 29 ]. 

 Its low invasiveness and the similarity with the conventional procedure render 
this approach feasible also under loco-regional anaesthesia (cervical block) [ 30 ], at 
least in selected patients, with the benefi ts to avoid the major side effects of general 
anaesthesia. 

 By the time, some criticisms concerning MIVAT were demonstrated baseless. In 
fact, in a published prospective randomized study [ 31 ], we demonstrated that thy-
roid gland manipulation is not substantially different between MIVAT and conven-
tional thyroidectomy and that there is no additional risk of thyroid capsule rupture 
and thyroid cells seeding in patients who undergo MIVAT if the procedure is cor-
rectly conducted. 

 Moreover, we as well as other authors [ 32 – 34 ] demonstrated the possibility and 
the feasibility to treat thyroid malignancy by a video-assisted approach. After an 
adequate period of development, we showed the validation and standardization of 
the technique, so that MIVAT can be proposed also for the surgical treatment of 
small “low risk” papillary thyroid carcinoma (PTC). 

 We recently published the results of MIVAT in a large series of patients with 
PTC [ 35 ]. 

 Though the study is retrospective, the very large sample size and the medium 
follow-up period allow us to conclude that the completeness of the resection 
achieved with MIVAT and the short-to-medium term recurrence seems comparable 
with that reported for conventional surgery. The excellent oncological results led 
some authors to a progressive increase in the treatment of differentiated thyroid 
carcinomas (DTCs) by MIVAT, starting from the so-called low-risk tumours to the 
“intermediate-risk” ones that have been recently demonstrated to be another opti-
mal target for this minimally invasive operation [ 35 ,  36 ]. 

 Some studies to compare the results in terms of adequacy of resection between 
MIVAT and conventional thyroidectomy have been conducted [ 34 ,  37 ,  38 ]. The 
results show that MIVAT is safe and effective for the treatment of small PTC and has 
similar oncological effectiveness of traditional thyroidectomy. 

 Nonetheless, a longer follow-up is necessary to draw defi nitive conclusions in 
terms of late recurrence and survival rate. 

 Instead the possibility to perform a concomitant lymphadenectomy during a 
video-assisted thyroidectomy for PTC is still debated. 

 Although the lymph-node involvement has been widely demonstrated, often 
microscopic, of the central compartment in case of PTC [ 39 ,  40 ], to date the prophy-
lactic VI level lymphadenectomy is not considered mandatory yet [ 40 ,  41 ]. 

 The only one worldwide recognized indication to perform a radical VI level 
lymphadenectomy is the preoperative or intraoperative evidence of macroscopic 
lymph-node involvement [ 41 ]. Nonetheless, it is quite frequent during a thyroidec-
tomy for cancer to face a lymph-node enlargement not discovered by the preopera-
tive neck ultrasonography. In such a case, it is mandatory to carry on a concomitant 
VI level lymphadenectomy. 
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 A macroscopic preoperatively identifi ed lymph-node involvement in case of PTC 
has been always considered an absolute contraindication for a video-assisted approach. 

 Anyway in our experience the incidental intraoperative evidence of lymph-node 
enlargement during MIVAT for PTC happened with a certain frequency. 

 Once familiarity with the technique was acquired, supported by the previous 
optimal results in terms of safety and completeness of the surgical resection, we 
decided to perform a video-assisted lymph node dissection (VALD) of the central 
compartment in case of incidental discovery of lymph-node enlargement during 
MIVAT for PTC or for suspicious nodules [ 42 ]. More recently, we as well other 
authors [ 43 ] have applied the technique to carry out a prophylactic thyroidectomy 
and central compartment lymphadenectomy in some cases of patients carrying the 
RET oncogene mutation for familial medullary thyroid carcinoma. 

 Despite the results of this approach are enthusiastic further controlled studies are 
necessary to evaluate the long-term results. 

 Finally, we evaluated the feasibility of minimally invasive video-assisted func-
tional lateral neck dissection (VALNED) in patients with PTC with encouraging 
results [ 44 ]. Nonetheless for defi nitive conclusions, larger series and comparative 
studies are necessary.  

10.2     Indications 

 An accurate patients’ selection play a relevant role to ensure the success of MIVAT, 
especially at the beginning of the experience. 

 The early studies on MIVAT used limited indications. Initial contraindications 
included large nodules (>25–30 mm), thyroiditis, an abnormal thyroid gland vol-
ume (>20 cm 3 ), prior neck surgery, preoperative evidence of central compartment 
neck metastases and large malignant tumours with extra-thyroidal extension [ 45 ]. 

 With increasing experience, selection criteria for MIVAT have been quite refi ned 
and widened. It is now possible to carry out this technique with expanded indica-
tions [ 46 ,  47 ]. 

 Basing on the surgeons experience, in selected cases, patients with previous contra-
lateral video-assisted neck surgery or thyroiditis can be selected for MIVAT. For exam-
ple, in our experience also patients underwent video-assisted thyroid lobectomy 
needing a completion of thyroidectomy or patients with Basedow disease were treated 
by a video-assisted approach. Some authors demonstrated by prospective nonrandom-
ized comparative studies that in selected patients with Graves’ disease, MIVAT is fea-
sible and can be performed safely with results comparable with open surgery [ 48 – 50 ]. 

 In our experience, it has been possible to perform MIVAT also in case of nodule 
bigger than 35 mm in diameter. In these cases, the main limit is the nodule shape 
because it is possible to remove from a 15–20 mm of skin incision only nodules 
with a transverse diameter similar to the skin access. 

 The more and more frequent use of fi ne needle aspiration biopsy in the clinical 
practice has increased the diagnosis of asymptomatic little thyroid nodules with 
indeterminate or suspicious cytology. Regarding the preoperative diagnosis ideal 
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candidates for MIVAT are just patients with little nodules with a certain degree of 
suspicious, for example follicular nodules or follicular nodules with atypia or poly-
morphism. Also small size hot nodules represent the best indication for this kind of 
surgery. As above reported also the results of MIVAT in case of little “low risk” 
papillary carcinoma are encouraging. Therefore we think that selected patients with 
PTC could be eligible for MIVAT. On the contrary despite we have successfully 
performed a large series of VALD in PTC cases with intraoperative evidence of 
lymph-node enlargement we still believe that a preoperatively diagnosed lymph- 
node involvement represents a contraindication for MIVAT. 

 Moreover from a purely theoretical point of view patients carrying RET onco-
gene mutation for familial forms of medullary thyroid carcinoma (FMTC, MEN IIA 
and MEN IIB), but not even expressing the disease (absence of detectable nodules 
and basal/stimulated calcitonin in the normal range) are excellent candidates for 
MIVAT, Indeed they are young patients with normal thyroid who need thyroidec-
tomy as prophylactic treatment [ 51 ].  

10.3     Instruments 

 Most part of endoscopic tools (endoscope, video, light source, camera, etc.) neces-
sary for MIVAT is usually available in almost all operating rooms and so it cannot be 
considered a source of additional costs comparing with conventional surgery. The 
only instruments not commonly used for a conventional thyroidectomy are small 
dedicated tools (2–3 mm in diameter) necessary for dissection (ad hoc designed spat-
ulas) which however are reusable so that their cost can be amortized with use. 

 Harmonic scalpel showed to be very useful in this kind of operation in reducing 
the operative time [ 52 ].  

10.4     Surgical Technique 

 The operative technique has been previously described in detail [ 45 ]. 

10.4.1     Anaesthesia 

 At the beginning of the experience, MIVAT was described as procedure requiring 
general anaesthesia with orotracheal intubation. More recently and with increasing 
experience, the feasibility of MIVAT under loco-regional anaesthesia (MIVAT-LA) 
with superfi cial modifi ed or deep cervical block has been demonstrated [ 30 ]. 

 The indications are the same of MIVAT though, for this approach, smaller nod-
ules (≤2 cm) are preferable. In our experience, MIVAT-LA showed best results in 
patients with relative contraindications for general anaesthesia such as pregnant 
patients with PTC because the strong patient’s motivation plays a relevant role in the 
feasibility of the procedure.  
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10.4.2     Patient Position 

 The patient, under general or loco-regional anaesthesia with cervical block, is posi-
tioned supine with the neck in slight extension, less than in conventional surgery. 
This may contribute to the lower postoperative pain complained by patients who 
have undergone MIVAT when compared to those undergone conventional 
thyroidectomy.  

10.4.3     Surgical Equipment 

 The surgical team is represented by the surgeons and two assistants, one of whom 
handles the endoscope. 

 The need for at least three surgeons involved in the procedure has been consid-
ered one of the main limitations for the diffusion of this approach. 

 The monitor is positioned at the head of the patient in front of the surgeons, who 
is positioned on the right side of the patient. A second monitor is usually positioned 
in front of the assistants who are on the left side of the patient. The endoscope is 
held with two hands by the assistant. Even if the procedure is quite diffi cult to be 
accomplished, the absence of any external support allows modulating and changing 
the position of the endoscope in relationship to the particular exigencies of dissec-
tion. This represents an important advantage of the video-assisted procedure over 
purely endoscopic techniques. The tip of the endoscope is usually oriented towards 
the head of the patient, but it can be changed in order to expose and explore the 
upper mediastinum when, for example, a concomitant central compartment lymph-
adenectomy is required.  

10.4.4     Surgical Steps 

 A small (1.5–2 cm) skin incision is performed between the cricoid cartilage and the 
sternal notch, in the midline. The skin incision is usually higher than in conventional 
cervicotomy and can also be modulated according to the neck conformation and the 
thyroid position. However, the skin incision is usually performed just below (1 cm) 
the cricoid cartilage in order to obtain a good exposure and a safe control of the 
superior vessels peduncle. The possibility to perform the skin incision nearby a skin 
line would optimize the cosmetic outcome. After cutting platysma muscle and pre-
paring the upper and the lower fl aps, the cervical  linea alba  is opened as far as pos-
sible. At the beginning of the experience, the procedure implied a short CO 2  
insuffl ation to facilitate dissection of the thyroid lobe from the strap muscles. After 
this initial experience, the procedure became completely gasless. The thyroid lobe 
is separated from the strap muscles by means of small conventional retractors 
(Farabeuf retractors), which are also used to maintain the operative space. With this 
purpose, the thyroid lobe is medially retracted while the strap muscles, fi rst on the 
most affected side, are retracted laterally, using two little Farabeuf. At this point, the 
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endoscope (5 mm – 30°) and the dedicated small surgical instruments (2 mm in 
diameter) are introduced through the single skin incision without any trocar posi-
tioning. The fi rst step of the procedure consists in complete freeing of the thyroid 
gland from the strap muscles, in order to have a good exposure of the pre-vertebral 
fascia that represents the posterior edge of the dissection. The lateral edge of the 
dissection is represented by the medial aspect of common carotid artery while the 
medial edge is represented by the trachea-oesophageal groove. The dissection is 
carried out by a blunt technique using two dedicated instruments called spatulas, 
one of them connected to an aspiration system. After its complete separation from 
the muscles, the thyroid lobe is downwards retracted in order to expose the superior 
peduncle vessels that are dissected using the spatula and the spatula-shaped aspira-
tor and then selectively clipped and cut, or directly cut using an ultrasound knife 
system (Ultracision) (Fig.  10.1 ). It is very important to accurately control the tip of 
the instrument to avoid any pharynx or larynx thermal injury. During this phase, it 
is usually possible, thanks to the magnifi cation of the endoscope, to identify the 
external branch of the superior laryngeal nerve. After cutting the superior thyroid 
vessels, the thyroid lobe is medially and slightly upwards retracted in order to iden-
tify the inferior laryngeal nerve and the parathyroid glands. The magnifi cation 

  Fig. 10.1    Skin incision; thyroid lobe is medially retracted while the strap muscles are retracted 
laterally, using two little Farabeuf; endoscope (5 mm – 30°) and the dedicated small surgical 
instruments are introduced through the single skin incision without any trocar utilization; the dis-
section is carried out by a blunt technique using two dedicated instruments called spatulas       
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(two- to threefold) of the endoscope permits a quite easy identifi cation of these 
structures if the principles of blunt and bloodless dissection are respected. The trac-
tion on both the thyroid lobe (medially) and the strap muscles (laterally) allows to 
tense the trachea- oesophageal groove and the inferior thyroid artery in order to 
expose the nerve usually where it crosses the inferior thyroid artery. Once identifi ed, 
the inferior laryngeal nerve is prepared and bluntly dissected, under endoscopic 
vision, from the thyroid gland till its entrance in the larynx. The parathyroid glands 
are usually easy identifi ed and preserved thanks to the endoscopic magnifi cation 
(Fig.  10.2 ). It is however very important to carry out a completely bloodless dissec-
tion that is facilitated by the use of the spatula-shaped aspirator. At this point, the 
thyroid lobe is extracted from the little skin incision and the procedure is carried on 
under both endoscopic and direct vision. Performing this manoeuvre, it is very 
important not to strongly pull the thyroid lobe because it is not yet completely freed 
and an excessive traction may determine some strain injury of the nerve. The sepa-
ration of the thyroid from the trachea is usually carried out using Ultracision but 
close to the nerve and the parathyroid glands to cut the vessels after putting titanium 
clips or conventional ligature is preferable in order to avoid any thermal injury. If 
the planned intervention consists in a thyroid lobectomy, the thyroid lobe and the 
isthmus, once freed from the tracheal surface, are cut from the residual thyroid 
gland using Ultracision. Instead, if a total thyroidectomy was planned, the same 
steps are performed in the contralateral side.   

  Fig. 10.2    Visualization of external branch of the superior laryngeal nerve, inferior laryngeal nerve 
and parathyroid glands       
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 After checking the haemostasis, the strap muscles are sutured along the midline 
as well as the platysma. The skin is closed by means of a not re-absorbable subcu-
ticular running suture or by a skin sealant. Usually, no drainage is left inside 
(Fig.  10.3 ).    

10.5     Personal Series 

 We published a review of our experience [ 53 ] to evaluate the results obtained in a 
series of patients selected for MIVAT over a 10-year period. All patients who under-
went MIVAT from June 1998 to June 2009 were considered. The eligibility criteria 
for video-assisted thyroidectomy were thyroid nodules < or = 35 mm; estimated thy-
roid volume < 30 ml; no previous conventional neck surgery and/or radiation ther-
apy; small, low-risk papillary thyroid carcinoma. A total of 1363 video-assisted 
thyroidectomies were attempted in the time period considered. Conversion to the 
conventional procedure was necessary in 7 cases. Thyroid lobectomy was success-
fully performed in 157 cases, total thyroidectomy in 1175, and completion thyroid-
ectomy in 24. In 126 patients, the central neck nodes were removed through the 
same access. Simultaneous video-assisted parathyroidectomy, for a parathyroid 
adenoma, was performed in 42 patients. Pathological studies showed benign disease 
in 986 cases, papillary thyroid carcinoma in 368 cases, C-cells hyperplasia in 1 
case, and medullary microcarcinoma in 1 patient with RET germline mutation. 

  Fig. 10.3    Thyroid lobe extraction; closure; aesthetics results       
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Postoperative complications included 27 transient and 1 defi nitive recurrent laryn-
geal nerve palsy, 230 transient hypocalcaemia, 10 defi nitive hypoparathyroidism, 4 
postoperative haematoma, and 5 wound infection.  

10.6     MIVAT: Evidence-Based Recommendations 

 Level of evidence in evidence-based medicine is frequently used for the recommen-
dation of specifi c treatments [ 54 ,  55 ]. A well-conducted large prospective random-
ized trial is assigned the highest level of evidence (level of evidence 1) that by 
defi nition determines a high grade of recommendation (grade A) [ 56 ,  57 ]. 

 Immediately after the fi rst described case of minimally invasive thyroidectomy, 
several reports consisting in technical description of the feasibility of different tech-
niques, without any grade of recommendation, were published [ 4 – 19 ]. 

 Moreover, at least two multicentre studies [ 27 ,  58 ] demonstrated the feasibility 
of the technique. Their results did not reach a high level of evidence because of the 
retrospective model. Some other large retrospective studies had the same scarce 
power in terms of evidence [ 53 ,  59 – 63 ]. 

 Gal et al. [ 23 ] and El Labban [ 24 ] reached by two well-designed randomized 
trials (level II B) the same conclusions. The studies show that the complication rate 
is comparable between the two approaches and that even if conventional thyroidec-
tomy involves less operative time MIVAT offers distinct advantages in terms of less 
scarring and more satisfactory cosmetic results and reduced postoperative distress. 

 Searching for the same end points, Hegazy et al. [ 25 ] compared MIVAT to mini-
mally invasive open thyroidectomy using the Sofferman technique (strap muscle 
transection). Also this prospective randomized study (level II B) demonstrated that 
MIVAT offers a signifi cant better postoperative course and smaller incisions with 
the same cosmetic outcome but at the cost of a longer operative time. 

 In order to demonstrate that MIVAT improves postoperative pain compared with 
standard thyroidectomy, Miccoli et al. [ 26 ] recently published a prospective, random-
ized study that confi rmed the most favourable postoperative outcome of MIVAT 
through the dosage of different biochemical pain mediators, before and after surgery. 

 In 2008, to stress other advantages of MIVAT over conventional thyroidectomy, 
we published a prospective randomized study [ 64 ] comparing MIVAT and conven-
tional thyroidectomy for what concerns the voice and swallowing symptoms fre-
quently reported after thyroidectomy even in absence of objective voice alterations. 
The study demonstrated with a level II B of evidence that the incidence and the 
severity of early voice and swallowing post-thyroidectomy symptoms are signifi -
cantly reduced in patients who undergo MIVAT compared with conventional 
surgery. 

 Concerns regarding adequacy of resection of MIVAT in the treatment of malig-
nancies were addressed by different studies with high level of recommendation 
(level II B) [ 31 ,  34 ]. 

 Further data supporting the thesis of oncological safety of MIVAT in the treat-
ment of PTC derive from two more recent comparative but retrospective studies on 
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this topic [ 37 ,  38 ]. In conclusion, they contribute, though with a less power, to the 
growing body of evidence showing that MIVAT is safe and effective for the treat-
ment of small papillary thyroid carcinomas and show similar oncological effective-
ness of traditional thyroidectomy also at 5 years follow-up. 

 In addition to the more traditional advantages of MIVAT, the initial criticism 
concerning the costs seems evolving. Actually a very recent retrospective cost 
analysis shows that the cost of MIVAT appears to be equal to that of open thyroid-
ectomy [ 65 ].     
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      Locoregional Anesthesia in Thyroid 
and Parathyroid Surgery       

       James     Y.     Lim      and     William     B.     Inabnet     III    

11.1             Introduction 

 The description of thyroid goiter dates back to centuries ago, one of the earliest descrip-
tions appearing in Chinese literature in 2700 BC. Thyroid goiter also make appear-
ances throughout historic artwork, even Leonardo Da Vinci sketched an anatomically 
correct thyroid gland in 1500 AD. It was not long until thyroid surgery was undertaken 
and in its early days, the procedure was highly morbid. Antiseptic technique had yet to 
be described by Joseph Lister and surgeons such as Samuel Gross and Theodor Bilroth 
considered operating on the thyroid only in emergent situations. The advent of general 
anesthesia and antiseptic technique ushered in an era of safer thyroid surgery, with 
Nikolai Pirogoff fi rst using ether in 1849 to remove a large goiter causing tracheal 
compression in a 17-year-old girl [ 1 ]. Local anesthesia techniques soon followed, led 
by TP Dunhill and Emil Kocher in the early 1900s [ 2 ]. General anesthesia techniques 
continued to be refi ned and became the standard used during thyroidectomy surgery up 
until recently. Similarly, although the fi rst parathyroidectomy was performed under 
local anesthesia by Felix Mandel in 1925, general anesthesia became the popularized 
technique as multigland disease and bilateral explorations became more common [ 1 ]. 

 In the last couple of decades, there has been a renewed interest in performing both 
thyroid and parathyroid operations under locoregional anesthesia. As preoperative 
studies have enabled better localization of disease in both parathyroids and thyroid 
disorders, minimally invasive techniques have become popularized and the ability to 
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perform these procedures under locoregional anesthesia has improved. While the 
vast majority of parathyroid and thyroid operations are still performed under general 
anesthesia, locoregional anesthesia has been shown to be a safe and effective alterna-
tive that can potentially allow for a shorter recovery period, fewer costs, and obviate 
the potential risks that are inherent with general anesthesia [ 3 – 7 ].  

11.2     Benefits of Locoregional Anesthesia 

 Although there are no absolute indications for the use of locoregional anesthesia in 
thyroid and parathyroid surgery, patients who may benefi t the most are those for 
whom general anesthesia is considered high risk, such as in the case of amiodarone- 
induced thyrotoxicosis [ 8 ]. In addition, because endotracheal intubation is avoided, 
the potential for vocal cord trauma is removed making this technique particularly 
appealing for people who rely on their voice professionally. Similarly, since the 
patient is lightly sedated during the operation, the surgeon can assess voice integrity 
during thyroid gland dissection. Some critics have expressed concern that the poten-
tial for more frequent recurrent laryngeal nerve injury because the patient may move 
around more during the operation, but studies have shown no difference in nerve 
injury when comparing anesthetic techniques [ 9 ]. Studies have also shown that 
patients have less postoperative pain [ 10 – 14 ]. The reduction in pain can be attributed 
to the long action of the local anesthetic as well as the absence of postoperative nau-
sea and vomiting that often accompanies general anesthesia. Locoregional anesthesia 
also allows for shorter operating room times and shorter postoperative recovery 
which can translate to shorter a hospital stay and lower overall costs [ 15 ,  16 ].  

11.3     Contraindications to Locoregional Anesthesia 

 Although there are benefi ts to the use of locoregional anesthesia, certain groups of 
patients benefi t from the use of general anesthesia. These patients include those with 
known adverse reactions to local anesthetics. Local anesthesia should be avoided in 
patients with seizure disorders, as the administration of local anesthesia can lower 
the seizure threshold. Since patients will be alert to a certain extent, if they are unable 
to follow directions such as staying still during the operation, general anesthesia 
would be more appropriate. Similarly, if the patient is claustrophobic, has signifi cant 
anxiety, or is unable to physically maintain the position during surgery, locoregional 
anesthesia is contraindicated. If there are any airway concerns, such as in patients 
with morbid obesity, obstructive sleep apnea, chronic obstructive pulmonary disor-
der, or a “diffi cult airway,” general anesthesia may be more appropriate. In addition, 
locoregional anesthesia may not be appropriate for patients for whom there are com-
munication barriers such as deafness or foreign languages. Finally, anatomic features 
such as a substernal goiter or disease characteristics likely necessitating a longer 
surgery or extensive dissection are best managed with general anesthesia. One group 
identifi ed the limits of patient tolerance with locoregional anesthesia to be 
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approximately 2 h, after which patient cooperation and ability to maintain position-
ing proved diffi cult [ 2 ]. Ultimately, patients who undergo thyroidectomy or parathy-
roidectomy under locoregional anesthesia should be prepped in such a way as to 
facilitate the use of general anesthesia if intraoperative events favor conversion.  

11.4     Relevant Anatomy 

 Sensory and motor innervation to the neck and posterior scalp is supplied by the 
cervical plexus which originates from the anterior rami of the fi rst four cervical 
nerves (C1-C4) (fi gure would be nice). C1 is generally recognized as consisting of 
purely motor fi bers. The cervical nerves pass laterally through the corresponding 
vertebrae and travel between the anterior and posterior tubercles of the transverse 
processes. The anterior and middle scalene muscles form a fascial compartment 
through which the cervical nerves traverse and within which the cervical plexus is 
formed. The cervical plexus is unique in that its sensory and motor components 
branch off into the superfi cial and deep branches early in its course. The deep 
branches supply the motor innervation to the neck muscles that insert onto the fi rst 
four cervical vertebrae. The superfi cial branches course behind the anterior scalene 
muscle and emerge from the mid-posterior border of the sternocleidomastoid and 
provide sensory innervation to the anterior neck. Because of this division, selective 
blockade to the sensory component is able to be performed. The superfi cial branches 
form the lesser occipital (C2), greater auricular (C2, C3), transverse cervical (C2, C3), 
and supraclavicular (C3, C4) nerves (Fig.  11.1 ). The main sensory innervation to 
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  Fig. 11.1    Diagram of superfi cial cervical plexus       
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the platysma, strap muscles, thyroid gland, and surrounding tissues relevant for thy-
roid or parathyroid surgery is the transverse cervical branch of the superfi cial cervi-
cal plexus. Close to the midline of the anterior neck, the contralateral cervical plexus 
contributes to sensation as many of the nerve endings of the transverse cervical 
nerve cross to the other side and so a bilateral block may provide for more complete 
analgesia. In addition, the roots from C3, C4, and C5 give rise to the phrenic nerve. 
The cranial nerves X, XI, and XII also communicate with the cervical plexus and 
this communication partially explain some of the complications seen with a cervical 
plexus block.   

11.5     Types of Locoregional Block 

 There are three types of locoregional blocks that can be used for thyroid and para-
thyroid surgery: the anterior neck fi eld block, the superfi cial cervical block, and the 
deep cervical block [ 17 ]. 

 The anterior neck fi eld block consists of infi ltration of local anesthesia in the region 
of the anticipated incision. This block can be used alone, or in conjunction with any 
of the other two locoregional blocks. Just prior to incision, a small gauge needle is 
used to create a wide fi eld block by passing the needle in multiple directions in the 
location of the incision. Isolated anterior neck fi eld blocks are appropriate for central 
thyroid resections, although surgeons have used this block successfully in the past to 
perform total thyroidectomy and parathyroidectomy with the addition of intravenous 
sedation [ 9 ]. Cervical plexus blocks, though, allow for deeper dissection with less 
need for supplemental administration of local anesthesia throughout the case. 

 The superfi cial cervical plexus block provides the same sensory anesthesia as the 
deep cervical block but does not include the motor component. The patient is fi rst 
placed supine with the head slightly elevated and turned toward the side opposite the 
opposite of the block. The posterior border of the sternocleidomastoid is then identi-
fi ed. The muscle border can be accentuated by asking the patient to lift his or her 
head against gentle resistance from the surgeon’s hand. In addition, the external jugu-
lar vein can also be identifi ed with a Valsalva maneuver or by placing the table in a 
slight Trendelburg position. The midpoint of the posterior border of the sternocleido-
mastoid muscle can then be identifi ed and marked. This point usually corresponds to 
where the external jugular vein crosses over the muscle. Once identifi ed, local anes-
thesia can be administered via a small gauge needle several inches superiorly and 
inferiorly into the subfascial plane along the posterior border of the muscle. 

 The deep cervical plexus block may assist in deeper surgical dissection as it 
anesthetizes not only the sensory nerves as with the superfi cial cervical block, but 
also the motor innervation to the muscles that insert onto the cervical vertebrae. The 
muscles will lose their tone and provide for optimal surgical conditions deep within 
the neck. Again, the patient is fi rst placed supine with the head slightly elevated and 
turned slightly toward the side opposite of the block. The mastoid process is fi rst 
identifi ed. The transverse processes are then palpated and that of C6, the most 
prominent and easily palpable, is identifi ed. The transverse process of C6 is also 
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known as Chassaignac’s tubercle and should be identifi ed at the level of the cricoid 
cartilage. A line from the mastoid process to the transverse process of C6 should be 
marked out. The transverse processes of the C2, C3, and C4 can now be palpated 
approximately 0.5–1 cm posterior to the line drawn between the mastoid process 
and C6. If diffi cult to palpate, centimeter approximations can be used. As C1 does 
not have a transverse process, the fi rst transverse process should be that of C2 and 
is located approximately 1.5 cm below the mastoid process. Each subsequent trans-
verse process should be an additional 1.5 cm lower. The C4 transverse process 
should be at the level of the inferior most border of the mandible. These processes 
are then marked out. The area should be prepped in a sterile fashion and skin wheals 
can be raised at each transverse process. A small gauge needle can then be inserted 
perpendicularly and advanced until bone is contacted. Contact with the transverse 
process can be confi rmed by walking the needle caudally. The needle will slip off 
the bone if it is on the transverse process as opposed to continuing to contact the 
bone if it is on the vertebral body. The needle is then walked laterally until the most 
superfi cial point of the process is identifi ed. This is where the cervical nerves exit 
the vertebral body. The needle should be pulled back approximately 1 cm so it is 
within the interscalene groove and local anesthetic is injected. 

 The deep cervical plexus block can also be performed with a single injection at 
the level of the C3 or C4 transverse process. As the paravertebral space communi-
cates freely within the cervical region, the local anesthetic can spread easily between 
levels. Placing pressure just caudad to the injection site can prevent caudal infi ltra-
tion within the interscalene groove and prevents brachial plexus involvement.  

11.6     Types of Local Anesthesia 

 Choice of local anesthetic is dependent on the preference of the surgeon or anesthe-
siologist and anticipated duration of the surgery. If the surgeon performs the block, 
it is essential to communicate the type of block and choice and dose of local anes-
thetic agent with the anesthesia team prior to performing the block. Recommended 
local anesthetics for use in cervical plexus blocks include lidocaine, bupivacaine, 
ropivicaine, and mepivicaine (Table  11.1 ). Few studies have compared the effi cacy 
between these agents and there are few signifi cant differences between them. 
Bupivacaine has the longest duration of action while mepivicaine had shortest time 
of analgesia based on studies looking at when the fi rst request of postoperative anal-
gesia occurred. The side effect profi le of each anesthetic must be taken into consid-
eration before use as well. Bupivacaine, for example, is markedly cardiotoxic and 
has been associated with irreversible asystolic arrest. Care must be taken to calcu-
late the total dose that a patient can receive preoperatively in order to prevent sys-
temic toxicity (what is the formula for this calculation?). This is particularly relevant 
when mixing local anesthetics together in order to obtain the short onset of action 
of lidocaine with long duration of bupivacaine, for example. If a bilateral block is 
being placed, the total calculated dose should be divided evenly between the two 
sides.
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   Epinephrine can be added to prolong the duration of the local anesthetics at dilu-
tion factors varying between 1:100,000 and 1:300,000. A 15 % increase in heart rate 
is noted with the addition of epinephrine at concentrations as low as 1:200,000. The 
use of epinephrine with subsequent increase in heart rate must be balanced with the 
patient’s comorbidities. Other studies have shown that there is a 7 % increase in sys-
tolic blood pressure after a cervical block, regardless of if epinephrine was used [ 18 ].  

11.7     Monitored Anesthesia Care 

 While the block is being performed, light conscious intravenous sedation should be 
provided by the anesthesiologist with a combination of benzodiazepines, propofol, 
and/or opioids. During the surgical procedure, the goal is to maintain the patient’s 
comfort while not oversedating the patient. Oversedation leading to respiratory 
depression requiring maneuvers to improve airway patency can be diffi cult to per-
form while maintaining a sterile fi eld. The anesthesiologist must be diligent through-
out the operation in order to balance the needs of both the patient and surgeon. 
Again, patients who undergo thyroidectomy or parathyroidectomy under locore-
gional anesthesia should be prepped in such a way as to facilitate the use of general 
anesthesia if intraoperative events favor conversion. A fl exible ether screen is one 
such item that permits rapid, easy access to the airway without compromising the 
sterility of the surgical fi eld (Fig.  11.2 ).   

11.8     Patient Selection 

 Careful patient selection is paramount. Prior to the operation, the patients must be 
chosen carefully and have a knowledgeable understanding of the locoregional anes-
thesia technique. They must be able to communicate with the surgeon. The surgeon 
should prepare the patient by describing the positioning as well as sensations the 
patient will feel throughout the surgery. During the operation, the surgical drapes 
should be placed as a tent around the head and not directly on the face. Pressure points 
should be padded during the patient positioning process. In addition, patients should 
empty their bladder just prior to surgery and intravenous fl uids should be carefully 
managed to prevent a distended and uncomfortable bladder during the operation.  

   Table 11.1    Characteristics of local anesthetics   

 Local 
anesthetic 

 Typical 
concentration 
(%) 

 Onset of 
action 
(min) 

 Duration 
of action 
(min) 

 Duration 
of action 
with Epi 
(min) 

 Maximum 
total dose 
(mg) 

 Maximum 
total dose 
with Epi 
(mg) 

 Lidocaine  1–2  2–5  50–120  60–180  300  500 

 Bupivacaine  0.25–0.5  5–10  240–480  240–480  175  225 

 Ropivicaine  0.5  10–30  300–480  300–480  300  – 

 Mepivicaine  1–2  2–5  50–120  60–180  300  500 
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11.9     Complications Specific to Locoregional Anesthesia 

 Cervical plexus blocks are safe in experienced hands and the type of complication 
varies depending on whether a superfi cial or deep cervical plexus block is per-
formed. One meta-analysis reviewing over 2500 cases of cervical plexus blocks 
found that deep cervical plexus blocks were associated with serious life-threatening 
complications in 0.25 % of patients whereas not a single instance was identifi ed 
with the superfi cial cervical plexus block [ 18 ]. 

 The more serious complications are associated with intravascular injection of the 
local anesthesia and so it is of paramount importance to always aspirate prior to 
injection. Depending on the location, intravascular injections can occur into the 
vertebral and carotid arteries as well as the internal and external jugular veins. 
Accidental administration of volumes as small as 0.5 mL of local anesthetic into the 
vertebral or carotid artery can lead to immediate transient loss of consciousness or 
convulsions [ 19 ]. Intraspinal injections and subsequent injuries to the spinal cord 
can also occur with the deep cervical blocks in particular. Aspiration should also be 
performed to ensure there is no return of cerebrospinal fl uid. Inadvertent subarach-
noid space injection can lead to total brainstem anesthesia, whereas epidural injec-
tion at the cervical level can lead to anesthesia of the bilateral upper limbs and 
bilateral diaphragmatic paralysis. Administration of intravascular lipids has been 
shown to be an effective treatment for asystole that may occur with the inadvertent 

  Fig. 11.2    Example of 
fl exible ether screen       
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intravascular administration of local anesthetic. A 20 % lipid emulsion is initially 
bolused (1.5 mL/kg) and then followed by a continuous infusion (0.25–0.5 mL/kg/
min) until vital signs are recovered. Early recognition and the bolus injection are the 
keys to rapid improvement [ 20 ]. 

 Phrenic nerve block can also occur, more frequently with the deep cervical block. 
Some studies have shown that phrenic nerve anesthesia occurs in up to 60 % of 
patients who receive deep cervical blocks [ 21 ]. The consequence of ipsilateral dia-
phragm paralysis is usually not signifi cant unless the patient has severe lung dis-
ease, such as chronic obstructive pulmonary disorder, at baseline. In addition, this 
diaphragm paralysis is temporary and usually resolves after several hours. Similarly, 
anesthesia of the vagus nerve and the recurrent laryngeal nerve can occur with the 
deep cervical blocks. Incidence of this complication ranges from 3 to 55 % in stud-
ies [ 21 ]. Involvement of the recurrent laryngeal nerve usually leads to hoarseness 
from vocal cord dysfunction and when combined with an increase in heart rate, 
usually means that the vagus nerve is involved. Again, the effect is usually transient 
and clears as the block dissipates. Because of these two potentially serious compli-
cations, bilateral deep cervical blocks must be performed judiciously (i.e., only for 
total thyroidectomy or planned bilateral neck exploration) to avoid potentially 
severe respiratory complications. 

 Many other adverse effects have been reported with cervical plexus blocks. 
Injection into the thyroid gland can cause localized hematomas. Dysphagia is 
reported to occur in up to 50 % of cases, likely secondary to involvement of cranial 
nerves IX and X, although this usually resolves in the post anesthesia care unit [ 21 ]. 
Horner’s syndrome can occur when anesthesia is injected anterior to the transverse 
process and middle cervical sympathetic ganglion is blocked. Due to the potential 
of all these complications, knowledge of the relevant anatomy, cognizance of needle 
depth and direction, as well as routine aspiration are imperative in order to ensure 
safe administration of a cervical plexus block. 

 The conversion rate to general anesthesia was higher in patients who underwent 
deep cervical blocks. The deep cervical blocks were associated with a higher rate of 
conversion as compared to superfi cial cervical blocks, 2.1 % vs. 0.4 % ( P  < 0.0001) 
[ 18 ]. Ultimately, patients who undergo thyroidectomy or parathyroidectomy under 
locoregional anesthesia should be prepped in such a way as to facilitate the use of 
general anesthesia if intraoperative events favor conversion.  

    Conclusion 

 Locoregional anesthesia for parathyroid and thyroid surgery offers can offer sev-
eral advantages over traditional general anesthesia and should have a place in the 
surgeon’s armamentarium. Recent studies have shown that postoperative analge-
sia requirements and nausea is improved with locoregional anesthesia as com-
pared to general anesthesia. In addition, locoregional anesthesia can be more cost 
effi cient given the potential for decreased overall hospitalization times for 
patients. Finally, studies have shown that in appropriate patient populations, 
local anesthesia can be used safely during parathyroid and thyroid surgery.     
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  12      Robotic Thyroidectomy       

       William     S.     Duke       and     David     J.     Terris     

12.1             Remote Access Robotic Thyroidectomy Techniques 

 Refi nements in operative techniques and improvements in surgical instruments have 
revolutionized modern surgery, leading to minimally invasive procedures and a 
population of patients who expect safe, effi cacious surgery with minimal cosmetic 
impact. This drive to improve cosmetic outcomes has become especially important 
in thyroid surgery, where the incision is traditionally prominently exposed on the 
anterior neck. While minimally invasive techniques have been described to reduce 
the visible neck scar, remote access thyroidectomy procedures completely remove 
the incision from the anterior neck and move it to a distant, concealed location. 

 Remote access thyroid surgery was initially described using endoscopic instru-
mentation. The surgical robotic platform was incorporated into remote access thy-
roid surgery in 2009 [ 1 ], creating the remote access robotic-assisted thyroidectomy 
and making the cosmetic benefi ts available to selected patients throughout the 
world. The two approaches most commonly performed are the robotic axillary thy-
roidectomy (RAT) and the robotic facelift thyroidectomy (RFT) (Fig.  12.1 ). While 
RAT is still utilized in certain Asian markets, it has been associated with a number 
of complications in Western patient populations [ 2 – 5 ], and has largely been aban-
doned in many of the centers in the United States where it was fi rst introduced 
[ 6 ,  7 ]. The RFT approach, however, has enjoyed an improved safety profi le and 
overcomes many of the limitations of RAT.  
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12.1.1     RAT Technique 

 The remote access robotic axillary thyroidectomy procedure has been extensively 
described [ 1 ,  2 ,  8 ,  9 ] and though it has undergone some modifi cations since its ini-
tial description, a generalized overview of the technique is presented here. The 
patient is placed supine on the operating table and the ipsilateral arm is extended at 
the shoulder and secured to an armrest. Flexing the elbow may minimize the risk of 
brachial plexus or ulnar nerve injury [ 2 ]. A 5–6 cm vertical incision is marked in the 
anterior axilla. A second 1 cm working port may be created on the patient’s chest 

  Fig. 12.1    Comparison of the RAT and RFT approaches.  Dashed  and  dotted lines  show the extent 
of dissection for each procedure.  A  robotic axillary thyroidectomy (RAT),  B  robotic facelift thy-
roidectomy (RFT) (From Duke and Terris [ 22 ] © 2013 Georgia Regents University)       
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2 cm above the nipple line and 2 cm off the midline, though many surgeons now 
omit this extra incision and introduce all the instruments through the axilla. 

 The axillary incision is continued down to the fascia overlying the pectoralis 
major muscle. Dissection proceeds across the pectoralis major to the midline and 
superiorly above the clavicle. The sternocleidomastoid muscle (SCM) is identifi ed 
and the space between the sternal and clavicular heads of the SCM is developed. 
The sternal head is retracted ventrally to expose the strap muscles, avoiding injury 
to the internal jugular vein or its tributaries. The strap muscles are elevated off the 
thyroid gland from the sternal notch to the superior pole and across the midline, 
dividing the omohyoid muscle if necessary to improve access. The surgical fi eld is 
maintained with a fi xed retractor system. 

 The robot console is then introduced on the opposite side of the operating table. 
A 30° downward facing camera is inserted through the axillary incision. Harmonic 
shears (Ethicon Endosurgery Inc., Cincinnati, OH) are placed in the dominant arm, 
and ProGrasp forceps (Intuitive Surgical, Sunnyvale, CA) and a Maryland grasper 
are placed in the nondominant arms. 

 Using robotic assistance, the gland is retracted inferiorly, and the superior vascu-
lar pedicle is transected with the Harmonic device. Soft tissue attachments and ves-
sels along the lateral and inferior aspect of the gland are divided and the gland is 
rotated medially. The recurrent laryngeal nerve (RLN) and parathyroid glands are 
identifi ed and preserved. The isthmus and ligament of Berry are divided and the 
lobe is removed. Removal of the contralateral lobe through the same incision may 
be accomplished in select cases by performing a subcapsular dissection between the 
thyroid and the trachea to identify the contralateral RLN and remove the gland. A 
surgical drain is placed prior to wound closure, and patients are generally admitted 
for inpatient observation.  

12.1.2     RFT Technique 

 The remote access robotic facelift thyroidectomy procedure has also been described 
in detail [ 10 ,  11 ]. A transverse anterior cervical incision is marked in a natural neck 
crease while the patient is sitting in an upright neutral position in the preoperative 
holding area in the unlikely event that conversion to an open procedure is necessary. 
The patient is positioned just off-center of the operating table toward the side to be 
operated on, with the top of the patient’s head level with the top of the operating 
table. 

 A propofol infusion is used to maintain general anesthesia, allowing rapid titra-
tion of the anesthetic depth. A short-acting muscle relaxant may be used to facilitate 
intubation, but no paralytics should be used during the dissection. The patient is 
intubated with an EMG endotracheal tube (ETT) to permit intraoperative laryngeal 
nerve monitoring. GlideScope (Verathon Inc, Bothell, WA) visualization is useful 
during intubation so that proper positioning of the EMG electrodes can be confi rmed 
by the surgeon. A straight extension attached to the anesthesia circuit limits tension 
on the tubing, and a 3-way stop-cock valve connected to the CO 2  return tubing 
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prevents kinking of this tube. The patient’s arms are tucked at their sides and secured 
with wide silk tape. No safety straps are attached to the table above the patient’s 
waist because they interfere with placement of the retractors. The bed is rotated 180° 
and patient’s head is turned 20–30° towards the contralateral side, with the face sup-
ported by soft towels. Taping the anesthesia circuit to the operating table prevents 
any excessive tension which might cause the endotracheal tube to twist or migrate. 

 The occipital hairline is shaved back 1 cm and the facelift incision is marked. 
The incision begins in the postauricular crease near the inferior extent of the ear-
lobe. It continues superiorly and then posteriorly into the shaved region of the 
occipital hairline in a gentle curve behind the auricle (Fig.  12.2 ). This placement 
ensures the incision will be completely concealed once the hair grows back. The 
incision is continued as far posteriorly and inferiorly as necessary to ensure ade-
quate exposure.  

 A subplatysmal fl ap is developed and continued until the SCM is identifi ed. A 
series of landmarks are then encountered as dissection continues anteriorly and 
inferiorly along the SCM. The great auricular nerve (GAN) is identifi ed fi rst, fol-
lowed by the external jugular vein and the anterior border of the SCM. The external 
jugular vein is generally preserved, though it may be divided if necessary to improve 
exposure. Dissection continues along the anteromedial border of the SCM to the 
clavicle. Visualization during the deeper portions of the dissection is facilitated by 
placing the operating table in reverse Trendelenburg and rotating it away from the 
surgeon. 

 The omohyoid is identifi ed, and a muscular triangle bounded by the anterior 
border of the SCM, the superior border of the omohyoid and the posterior border of 
the sternohyoid is defi ned. The strap muscles are retracted ventrally to expose the 
superior pole of the thyroid gland and the superior vascular pedicle is isolated. To 
limit the amount of robotic manipulation required, the lobe is mobilized as much as 
possible at this time. A modifi ed Chung retractor (Marina Medical, Sunrise, FL) is 
fi xed to the contralateral side of the table to retract the strap muscles ventrally. 

  Fig. 12.2    The robotic 
facelift thyroidectomy 
incision (From Terris et al. 
[ 11 ])       
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A Singer hook (Medtronic, Jacksonville FL) attached to a Greenberg retractor 
(Codman & Shurtleff, Inc., Raynham, MA) is secured to the ipsilateral side of the 
table and used to retract the SCM. 

 The robotic console is then positioned near the opposite side of the operating 
table, with the pedestal angled 30° away from the table. Fine positioning adjust-
ments are more easily accomplished by moving the table rather than by moving the 
robot console. The camera arm with a 30° down facing endoscope is positioned 
along the long axis of the modifi ed Chung retractor. The camera arm is nearly fully 
extended so the hinges of the camera arm will not collide with the other arms. A 
Harmonic device is placed in the dominant arm and a Maryland grasper is used in 
the nondominant arm. 

 The robotic portion of the procedure begins by dividing the superior vascular 
pedicle with the Harmonic device. The superior thyroid pole is retracted inferiorly 
and ventrally, exposing the inferior constrictor muscle and preserving the superior 
laryngeal nerve. The superior parathyroid gland is identifi ed on the posterior aspect 
of the thyroid and preserved. The RLN is then identifi ed laterally as it courses under 
the inferior constrictor (Fig.  12.3 ). Tracing the nerve inferiorly exposes the ligament 
of Berry. The middle thyroid vein is divided. With the nerve under direct visualiza-
tion, the ligament is transected with the Harmonic device and the thyroid isthmus is 
divided. The inferior parathyroid gland is preserved, and the inferior vessels are 
transected with the Harmonic device. Any remaining soft tissue attachments to the 
thyroid are divided and the specimen is removed.  

 The robotic cart is removed. The surgical fi eld is irrigated and Surgicel (Ethicon, 
Inc., Somerville, NJ) is placed into the thyroid bed. The incision is approximated 
using buried interrupted deep dermal 4-0 Vicryl sutures (Ethicon, Inc., Somerville, NJ). 
The skin edges are sealed with tissue adhesive and ¼ inch Steri-Strips 
(3M Corporation, St. Paul, MN) placed horizontally along the incision. No drains 
are utilized. Deep extubation is recommended to minimize coughing or straining on 
emergence from anesthesia.   

  Fig. 12.3    The recurrent 
laryngeal nerve is identifi ed 
and electrically stimulated 
during the robotic facelift 
thyroidectomy (From Terris 
et al. [ 10 ])       

 

12 Robotic Thyroidectomy



152

12.2     Indications for Remote Access Robotic Thyroid Surgery 

 Patients interested in remote access robotic assisted thyroid surgery place a high 
premium on cosmetic outcomes. Either for personal or professional reasons, they are 
highly motivated to avoid a visible neck scar, and they must be willing to accept the 
potential disadvantages of these procedures, such as a longer operative time, a pro-
longed recovery course, and procedure-specifi c risks not generally associated with 
other types of thyroid surgery. Candidates should be counseled that these procedures 
are not minimally invasive and are not “scarless.” The scars associated with these 
procedures are usually longer than those of anterior cervical approaches; they are just 
concealed in remote locations. Finally, patients must be willing to accept the unlikely 
but possible chance that conversion to an anterior approach may be required. 

12.2.1     RAT Patient Selection 

 There is no uniform set of selection criteria for the RAT [ 2 ,  5 ]. The procedure was 
initially described in patients with benign nodules ≤5 cm and malignant lesions 
≤2 cm [ 1 ,  8 ]. Early exclusion criteria included prior neck surgery, “severe” Graves’ 
disease, extrathyroidal extension of malignant disease, multiple lateral neck nodal 
metastases, nodal extracapsular spread or lesions in the dorsal aspect of the thyroid 
[ 8 ]. Patients with substernal or retropharyngeal extension have also been excluded [ 4 ]. 

 While RAT is primarily performed for unilateral disease, total thyroidectomy 
[ 1 ,  2 ,  8 ,  12 ] as well as central and lateral neck dissections has been reported with 
this approach [ 1 ,  8 ,  13 ]. Potential candidates for lateral neck dissection have meta-
static disease limited to 1 or 2 nodes in a single nodal basin and no evidence of 
extracapsular spread [ 13 ].  

12.2.2     RFT Patient Selection 

 Unlike RAT, RFT selection criteria have been formalized to maximize the likeli-
hood of operative success and minimize the risk of complications [ 11 ]. Patients 
should be generally healthy and able to tolerate general anesthesia for several hours. 
Patients should not be morbidly obese, although a slightly thicker layer of subcuta-
neous tissue does help protect the integrity of the soft tissue fl ap. There should be 
no prior history of neck surgery or radiation. 

 The disease being assessed should also meet specifi c criteria to be considered 
appropriate for RFT [ 11 ]. The thyroid lesion should be appropriate for unilateral 
surgery, such as an enlarging or symptomatic benign nodule or a follicular lesion of 
undetermined signifi cance. The largest nodule should not exceed 4 cm in its greatest 
dimension, and there should be no thyroiditis or prior history of thyroid compart-
ment surgery. Finally, there should be no substernal component, and no evidence of 
a high-grade malignancy such as extrathyroidal extension of the lesion or concern-
ing lymphadenopathy.   
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12.3     Experience and Complications 

12.3.1     RAT Outcomes 

 RAT outcomes have been reported for thousands of patients, mostly in Asia. The 
mean operative times reported for RAT range from 115 to 168 min [ 1 ,  8 ,  14 ,  15 ]. 
While this operative time is longer than for conventional open surgery [ 16 ], the 
overall hospital length of stay is shorter with remote access robotic thyroidectomy 
than with conventional open surgery [ 16 ]. 

 The completeness of surgical resection with RAT appears similar to that achieved 
with conventional open surgery. A recent systematic review comparing RAT to open 
thyroidectomy showed no difference in the postoperative thyroglobulin levels 
between these two groups [ 16 ], while another study reported no abnormal  131 I 
uptake levels in patients undergoing total thyroidectomy by RAT followed by post-
operative radioactive iodine therapy [ 17 ]. 

 Like all remote access procedures, RAT subjects patients to surgical risks that are 
not commonly seen in anterior cervical approaches. Complications such as hemor-
rhage, brachial plexus neuropathy, chyle leak, Horner’s syndrome, conversion to an 
open procedure and tracheoesophageal injury have been reported [ 2 ,  4 ,  8 ,  14 ]. 
Temporary RLN injury has been reported in 0.7–8 % of cases [ 14 ,  15 ], with a per-
manent RLN injury rate of 0.4 % [ 14 ]. Hematoma occurs in up to 2.6 % of cases 
[ 15 ]. Temporary hypocalcemia is seen in up to 41 % of cases [ 15 ,  16 ].  

12.3.2     RFT Outcomes 

 A morphometric analysis in cadaver models revealed that the RFT approach required 
38 % less dissection than RAT [ 18 ]. Another study comparing the early RFT and RAT 
experiences found that the mean operative time for the fi rst 10 RFT procedures was 
156.9 min compared to 196 min for RAT [ 19 ]. While the differences in this small series 
did not reach statistical signifi cance, the operative time in the RFT group compared 
favorably with early reports of the robotic axillary approach [ 8 ,  20 ] and steadily short-
ened throughout the study period, while the robotic axillary times remained stable. All 
patients treated with the axillary approach experienced chest wall numbness, while hyp-
esthesia of the great auricular nerve distribution was ubiquitous in the RFT population. 

 Though results have been published for 22 RFT procedures in 18 patients 
[ 10 ,  11 ,  21 ], more than 60 procedures have been successfully completed at our insti-
tution. In all but the fi rst patient, RFT was completed on an outpatient basis without 
a drain, and both concurrent bilateral and staged completion procedures have been 
performed [ 11 ]. There were two cases of small seromas and one incidence of tran-
sient vocal fold weakness, all of which resolved without intervention. No patients 
have experienced hypocalcemia and there have been no conversions to an anterior 
approach. No major or permanent complications have been reported with RFT. This 
experience has been repeated in at least 4 centers, with more than 100 procedures 
accomplished to date.   
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12.4     Management of Complications 

 All the potential complications inherent in conventional thyroid surgery exist in the 
robotic thyroidectomy approaches. Recurrent laryngeal nerve injury, hypocalcemia, 
hemorrhage, and injury to visceral structures such as the trachea and esophagus can 
occur regardless of the approach, and while the management of these conditions in 
robotic thyroid surgery is generally the same as in the anterior approaches, several 
potential complications deserve specifi c discussion. 

 Inadvertent tissue injury may occur due to several factors. Despite its many 
advantages, robotic thyroid surgery removes the haptic feedback from the tissue and 
instruments that the surgeon would receive in conventional surgery. Along with this 
decreased tactile feedback, much of the dissection is performed with an advanced 
energy device, which may stay hot for some time after each use. Aggressive dissec-
tion with these devices, especially right after they have been used to divide tissue, 
may injure delicate structures such as the recurrent laryngeal nerve. While it does 
not substitute for anatomic awareness and meticulous technique, intraoperative 
nerve monitoring may be useful for these cases. 

 Upper extremity injuries to the shoulder and brachial plexus have been reported 
with RAT [ 2 – 4 ]. These injuries most likely occurred as a result of excessive shoulder 
rotation or nerve compression. The risk of injury may be reduced by obtaining a his-
tory of any prior shoulder limitations or surgery, fl exing the elbow rather than extend-
ing the arm straight above the head, and making sure the arm is appropriately padded. 
These injuries are generally treated conservatively or with physical therapy. Transient 
hypesthesia in the great auricular nerve distribution is ubiquitous in RFT patients, 
and occurs regardless of whether the nerve is preserved or divided. Patients should be 
informed about this side effect, and reassured that sensation returns with time [ 10 ]. 

 Though signifi cant bleeding during thyroid surgery is rare, the source is gener-
ally easily accessible in anterior approaches. However, due to the remote access 
nature of these procedures, bleeding during robotic thyroidectomy can be especially 
problematic, and great care should be taken to minimize this risk. Should bleeding 
occur, it can often be controlled with surgical clips or advanced energy devices, 
though conversion to an anterior approach may be necessary [ 4 ]. 

 Finally, as with any equipment, the surgical robot is subject to malfunction or 
system failure. Though this rarely occurs, the operative team should have a thor-
ough understanding of the proper setup, use, and troubleshooting algorithm of the 
system. Proper system function should be confi rmed before the procedure begins, 
and patients should be counseled of the risk of conversion to an open procedure.     
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13.1             Introduction 

 Bilateral neck exploration (BNE) with identifi cation of four parathyroid glands and 
removal of all hyperfunctioning tissue has been considered the “gold standard” for 
the treatment of primary hyperparathyroidism (pHPT), achieving a cure in more 
than 95 % of cases with a complications rate generally less than 3 % [ 1 ]. 

 During the last three decades, the improved preoperative localization studies [ 2 ] 
and the introduction in the clinical practice of intra-operative PTH (IO-PTH) assay [ 3 ] 
led to the development of the targeted approaches to parathyroidectomy [ 4 ]. 

 The application of the endoscopic techniques to neck surgery during the late 
1990s further contributed to the development of minimally invasive parathyroidec-
tomy [ 5 ]. From a theoretical point of view, beyond the obvious better cosmetic out-
come deriving from shortening the skin incision, other potential advantages of 
minimally invasive parathyroidectomy include decreased postoperative pain and 
complications rate, because of less extensive dissection. Indeed, several reports have 
demonstrated that the focused techniques are safe and effective as standard BNE, 
with potential advantages of less postoperative hypocalcemia, shorter operative time, 
earlier discharge, better cosmetic result, and reduced postoperative pain [ 6 – 9 ]. On 
the basis of these results, minimally invasive parathyroidectomy is nowadays consid-
ered a safe and cost-effective procedure to treat selected patients with sporadic pHPT, 
especially in patients with positive preoperative localization studies [ 10 ]. 

 Minimally invasive (or focused or targeted or selective) parathyroidectomy 
encompasses several techniques, including open approaches (open minimally 
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invasive parathyroidectomy; OMIP) [ 11 ], minimally invasive radio-guided parathy-
roidectomy (MIRP) [ 12 ], approaches that use the endoscope, such as video-assisted 
parathyroidectomy (VAP) [ 13 – 15 ] and purely endoscopic parathyroidectomy (EP) 
[ 5 ,  16 – 20 ]. 

 The endoscopic and video-assisted procedures have the advantages not only of 
the targeted approach but also of endoscopic magnifi cation, with the theoretical 
lowered risk of complications because of better view of the neck structures (recur-
rent laryngeal nerve and parathyroid glands). 

 Minimally invasive video-assisted parathyroidectomy (MIVAP) fi rst described 
by Miccoli et al. [ 13 ] was introduced in our Department since 1998 [ 15 ]. Early after 
its description MIVAP gained a large worldwide acceptance in different surgical 
settings, due to its reproducibility and its similarity with the conventional technique 
for the parathyroidectomy [ 21 – 24 ]. 

 In this chapter we describe the surgical technique, the indications, the results, 
and the advantages and disadvantages of MIVAP.  

13.2     Surgical Technique 

 The operative technique has been previously described in detail [ 25 ]. The patient, 
under general or loco-regional anesthesia with cervical block [ 15 ,  25 ], is positioned 
in a supine position with the neck in slight extension. 

 A small (1.5 cm) skin incision is made between the cricoid cartilage and the 
sternal notch, in the midline. The skin incision is usually higher than in conventional 
surgery and can also be modulated in the neck on the basis of the preoperative ultra-
sound fi ndings regarding the localization of the pathologic gland. The cervical  linea 
alba  is opened as far as possible. The thyroid lobe is separated from the strap mus-
cles by small conventional retractors (Farabeuf retractors), which are also used to 
maintain the operative space. The thyroid lobe is medially retracted while the strap 
muscles are laterally retracted. The endoscope (5 mm – 30°) and the dedicated small 
surgical instruments (2 mm in diameter) are introduced through the single skin inci-
sion without using any trocar. The absence of any anchoring trocar allows the endo-
scope to move more freely depending on the site of dissection. The tip of the 
endoscope is usually oriented towards the head of the patient, but it can be re- 
oriented to expose and explore the upper mediastinum to look for mediastinal gland. 

 The fi rst step of the procedure is to completely free the thyroid gland from the 
strap muscles to expose the parathyroid glands. After identifying the inferior (recur-
rent) laryngeal nerve in the involved side, usually where it crosses the inferior thy-
roid artery, a targeted exploration is performed to identify the abnormal gland 
preoperatively localized. The magnifi cation (2–3 folds) of the endoscope allows 
easy identifi cation of the nerve and of the parathyroid glands, if the principles of 
blunt and bloodless dissection are respected (Fig.  13.1 ).  

 Thanks to the central access, MIVAP allows contralateral parathyroid glands 
exploration through the same skin incision when necessary (suspicious of 
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multiglandular disease because of inadequate IO-PTH decrease, two enlarged 
glands found at unilateral exploration, inadequate preoperative localization studies, 
etc.). Once identifi ed, the parathyroid adenoma is bluntly dissected under endo-
scopic view using spatulas and a spatula shaped aspirator (Karl STORZ, Tuttlingen, 
Germany). The pedicle of the adenoma is usually clipped with titanium clips or tied 
with conventional ligature. After cutting the pedicle, the adenoma is extracted 
through the skin incision (Fig.  13.2 ). IO-PTH assay is used to confi rm the removal 
of all pathologic parathyroid tissue. After checking for hemostasis the strap muscles 
and the platysma are closed. The skin is closed by a nonresorbable subcuticular run-
ning suture or by skin sealant. No drain is used.   

  Fig. 13.1    MIVAP: Left 
inferior laryngeal nerve and 
left superior parathyroid 
adenoma       

  Fig. 13.2    Operative fi eld 
after left superior video-
assisted parathyroidectomy       
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13.3     Indications 

 Patients with sporadic pHPT in whom a single adenoma is suspected based on pre-
operative imaging studies (MIBI-scan and ultrasonography) are ideal candidates for 
MIVAP. Parathyroid adenoma larger than 3 cm is usually excluded because of the 
theoretical risk of capsular rupture and consequent parathyromatosis due to diffi cult 
dissection and extraction [ 26 ,  27 ]. 

 At the beginning of the experience exclusion criteria included previous neck 
surgery, persistent or recurrent hyperparathyroidism, mediastinal adenomas, and 
concomitant large goiter. With the increasing experience, selection criteria for 
MIVAP have been widened. Patients with concomitant nodular goiter can undergo 
MIVAP if the usual inclusion criteria for the video-assisted thyroidectomy are met 
[ 28 ]. Moreover, in selected cases, patients with previous neck surgery or intrathy-
mic/retrosternal adenomas can be selected for MIVAP. Because bilateral neck 
exploration is possible through the same access, MIVAP can be performed both in 
patients with suspected multiglandular disease and in patients with uncertain preop-
erative localization [ 27 ]. 

 The rate of patients with sporadic pHPT who are candidates for MIVAP varies 
(37–71 %) [ 15 ,  26 ] due to different incidence of coexisting thyroid diseases that 
may require a conventional approach [ 15 ]. 

 MIVAP has been proposed also for patients with four glands hyperplasia 
(i.e., familial pHPT and secondary and tertiary hyperparathyroidism) [ 21 – 30 ]. 
However, these indications, in our opinion, still need to be confi rmed and validated 
by larger series and comparative studies.  

13.4     Experience and Complications 

 Conversion rate is highly variable ranging from 0.9 % [ 15 ] to 25 % [ 31 ]. The more 
frequent indications to conversion are bleeding, inadequate IO-PTH decrease, false 
preoperative localization, diffi cult to localize/dissect the parathyroid adenoma(s), 
suspicious of malignancy, and ectopic localization of the pathologic gland. Proper 
patient selection and surgical team experience are able to lower the conversion rate 
even in regions with reported endemic goiters [ 15 ,  28 ]. 

 Also the operative time strongly depend on surgical team skill and experience. 
Indeed, it has been demonstrated that the operative time decreases signifi cantly with 
increasing experience and it is comparable or even shorter than that of conventional 
operation [ 15 ,  26 ,  32 ]. 

 Several large retrospective series have reported on the short- and medium-term 
outcome of MIVAP. In 350 cases of MIVAP in 6 years, Miccoli et al. [ 26 ] reported 
a cure rate of 98.3 %. At a medium follow-up of 35.1 months, 4 patients had persis-
tent disease due to false-positive IO-PTH. Complications occurred in 14 patients: 
2.7 % transient hypocalcemia, 0.8 % permanent nerve palsy, and 0.3 % postopera-
tive bleeding [ 26 ]. Others have reported similar results in smaller series [ 21 ,  23 ]. In 
our previous published series of 107 cases of MIVAP we reported a success rate of 
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98.1 % with persistent disease in 2 patients (1.9 %) [ 15 ]. We reported a 11.1 % rate 
of temporary hypocalcemia with no permanent hypoparathyroidism, and no other 
complications [ 15 ].  

13.5     Advantages and Disadvantages 

 MIVAP presents some technical advantages compared with other endoscopic or video-
assisted techniques [ 27 ]. First of all, this technique combines the advantages related to 
the endoscopic magnifi cation with those due to its similarity with the conventional 
surgery. Indeed, the operative procedure reproduces all the steps of the open procedure. 
The excellent visualization of the neck structures due to the 2–3 fold endoscopic mag-
nifi cation permits easy identifi cation of the laryngeal nerve and parathyroid glands. In 
a recently published prospective randomized trial, the mean time for adenoma localiza-
tion was signifi cant shorter for the group of patients who underwent MIVAP compared 
with patients operated on with an open minimally invasive technique [ 7 ]. 

 Another merit of the technique is the possibility to perform a bilateral neck 
exploration when necessary through the same central access. This characteristic in 
part explains the very low conversion rate reported in different series [ 15 ,  26 ]. The 
possibility to perform a bilateral neck exploration produces two main effects on the 
restrictive inclusion criteria. Indeed, MIVAP can also be performed in case of 
unavailability of intra-operative PTH monitoring or in case of inadequate preopera-
tive localization studies, because of the possibility to explore all the parathyroid 
sites [ 15 ,  33 ]. Another advantage of the central access is the possibility of associate 
thyroid resection, even bilateral, when necessary. Because of the high prevalence of 
multinodular goiter in some countries, this technical characteristic allowed experi-
enced surgeons to increase the rate of patients eligible for a video-assisted proce-
dure in selected patients. In our experience, with the high prevalence of goiter in 
Italian population, this allowed us to treat both thyroid and parathyroid diseases 
simultaneously in more than 30 % of the patients [ 28 ]. 

 Moreover, the video-assisted access could imply a better cosmetic result and a 
less postoperative pain. Indeed, several comparative studies have demonstrated the 
advantages of MIVAP to reduce the postoperative pain, improve the cosmetic result 
and the patient satisfaction over both conventional and open non-endoscopic mini-
mally invasive parathyroidectomy [ 7 ,  8 ]. 

 Some criticisms about technical aspects for MIVAP still exist and are mainly 
related to the operative time. However, it has been demonstrated in large retrospec-
tive series [ 15 ,  26 ] and also in small comparative, randomized trials [ 7 ] that the 
operative time does not represent a limit. 

 Another technical problem is the number of members of the surgical team. The 
fact that two assistants are necessary to accomplish the MIVAP can represent an 
important concern for the application and diffusion of the procedure, at least in 
some surgical setting. 

 On the other hand, the main technical limitation of MIVAP is still represented by 
the volume of parathyroid adenoma and of the eventually associated goiter. 
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Dissection and extraction of large adenomas through a small incision can result in 
capsule rupture with the theoretical risk of parathyromatosis [ 15 ]. In contrast, previ-
ous neck surgery and the absence of a clear preoperative localization are not contra-
indications for MIVAP.  

13.6     Avoiding Complications 

 In spite several reports have demonstrated that thyroid and parathyroid procedure 
are safely performed by residents operating under supervision and newly estab-
lished surgical consultant, there is a signifi cant inverse relationship between the 
number of procedures performed and the complication rate [ 34 ]. In other words 
patient volumes and surgical skill play an important role in reducing complications 
rate, as in other fi elds of surgery. 

 Obviously, lower complications rate are obtained in third care referral centers, 
where dedicated surgical teams and well-trained endocrine surgeons are provided 
and hospital facilities allow adopting all the measures and tools known by the medi-
cal community as the gold standard for patients treatment. 

 When the procedure is performed under optimal conditions combined with 
meticulous operative skill by surgeons who have been adequately trained, the inci-
dence of complication should be at a minimum [ 34 ]. Nonetheless, complication 
may occur, not only because of surgical errors, but also for factor related to the 
patients or the disease itself. 

13.6.1     Postoperative Hematoma 

 Data from the literature concur to demonstrate that the rate of postoperative major 
bleeding requiring surgical revision after video-assisted parathyroidectomy 
approaches the 0 % and only a few cases have been reported [ 15 ,  26 ,  34 ]. Even in 
absence of any signifi cant difference in terms of postoperative complications in the 
published comparative studies [ 27 ], it could be inferred that the limited dissection, 
which characterizes these techniques, has the potential benefi t to reduce the risk of 
this complication. These results could be biased by strict selection criteria for these 
procedures and the possible reduction of the postoperative bleeding could be related 
to the absence of other possible risk factors. Postoperative bleeding could be pre-
vented by eliminating the cause in the majority of the patients. A meticulous surgi-
cal technique and hemostasis are mandatory to avoid or reduce the risk of this 
complication.  

13.6.2     Recurrent Laryngeal Nerve Injury 

 A review of endocrine malpractice litigation, found that about 54 % of the adverse 
involved thyroid and parathyroid surgery and that about 79 % of these claimed 
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surgical complications involved recurrent laryngeal nerve injury [ 34 ]. The risk of 
lesion of recurrent laryngeal nerve exists in all neck dissection. Individual mecha-
nism of injury include stretch of traction, compression, or crush (i.e., ligature 
entrapment, hematoma formation), and thermal, electrical, and severing injuries 
(complete or partial transaction) [ 34 ]. Moreover, some conditions expose at a higher 
risk of nerve injury (i.e., lack of identifi cation of recurrent laryngeal nerve during 
surgery, bilateral surgery, surgery for malignant diseases, previous neck surgery, 
longer operative times or greater blood loss, reoperation for bleeding). The knowl-
edge of mechanism of injury and risk factors of recurrent laryngeal nerve palsy 
should thus help in its prevention. Because of the broad spectrum of anatomical 
variations, the identifi cation of the recurrent laryngeal nerve can be diffi cult in some 
cases. The most important rule to follow during thyroid and parathyroid surgeries is 
that no structure should be cut until the recurrent laryngeal nerve is identifi ed. 
Following this rule, recurrent laryngeal nerve injury, and in particular transection 
injury will be rare.  

13.6.3     Hypocalcemia and Hypoparathyroidism 

 Postoperative hypocalcemia is one of the most common, complications of parathy-
roid surgery. Moreover, after RLN palsy permanent hypoparathyroidism accounts 
for the largest category of thyroidectomy related claims [ 34 ]. Temporary hypocal-
cemia has been reported to occur in 0–35 % of patients after parathyroidectomy, 
with permanent hypoparathyroidism resulting in 0–2.2 % of patients after success-
ful parathyroidectomy [ 34 ]. 

 Temporary symptomatic hypocalcemia is common after successful parathyroid-
ectomy, despite minimally invasive and focused approaches have reduced its inci-
dence when compared with bilateral neck exploration. Indeed, the targeted 
approaches to parathyroidectomy have the important advantage to avoid manipula-
tion of normal glands and so to ensure normal parathyroid function postopera-
tively. In this setting, postoperative hypocalcemia is usually self-limiting and 
related to normal glands inhibition by the hyperfunctioning one and to the exis-
tence of a hungry bone syndrome. However, symptoms of hypocalcemia are fre-
quently observed, even in absence of biochemical hypocalcemia. These symptoms 
are usually self limiting and moderate and resolve spontaneously within weeks. 
Some authors propose prophylactic of oral calcium administration to all patients 
who undergo parathyroidectomy, in order to avoid their manifestation and conse-
quent anxiety and to adopt a short-stay procedure (ambulatory or same day dis-
charge) [ 34 ]. On the contrary, defi nitive hypoparathyroidism is virtually impossible 
in the case of focused parathyroidectomy. On the other hand, bilateral neck explo-
ration brings the possibility to injure also normal parathyroid glands, especially if 
biopsy is obtained to confi rm the parathyroid origin of the identifi ed structures. In 
such condition, patients are at risk of clinically relevant hypocalcemia and should 
not be selected for outpatient surgery. Permanent hypoparathyroidism after initial 
exploration occurs in only 0–0.5 % of patients after initial exploration for sporadic 
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primary hyperparathyroidism [ 34 ], but is far more frequent in the case of operation 
for parathyroid hyperplasia, especially in patients undergoing total parathyroidec-
tomy plus autotransplantation.      
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14.1             Techniques 

 Primary hyperparathyroidism (PHPT) is the third most common endocrine disor-
der with highest incidence in women, in postmenopausal period. The treatment is 
essentially surgical with removal of a parathyroid adenoma or hyperplasic glands. 
Medical treatment could be indicated in specifi c conditions as : malignant hyper-
calcemia (transitory), persistent hypercalcemia as a result of surgical failure and/or 
for patients in whom surgery is not an option (comorbidities, advanced age). 
Experienced surgeons are estimated to identify an affected gland in more than 
95 % of cases. 

 Since the fi rst parathyroidectomy, performed by Mandl in 1925, bilateral cervi-
cal neck exploration with identifi cation of all glands is the standard approach, rec-
ognizing that 15–25 % can have multiple abnormal glands [ 1 – 4 ]. This technique has 
been for many years the surgical treatment of choice of PHPT with excellent pub-
lished results and cure rates of 95–99 % [ 5 ]. 

 However, over the last 20 years, the treatment of PHPT has undergone a radical 
change through the development of new imaging techniques, which allow identify-
ing preoperatively abnormal glands and intraoperative PTH assay to confi rm com-
plete resection of pathological parathyroid tissue [ 6 ,  7 ]. 
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 Challenging the traditional exploration, limited parathyroid surgery has pro-
gressively emerged. This new approach is based on the fact that about 85 % of 
patients with sporadic PHPT have a single parathyroid adenoma and therefore 
systematic exploration of all four glands is not mandatory in all cases. In this 
context, it seems legitimate to reduce surgical stress and morbidity [ 5 ,  8 ,  9 ]. 
Excision of mediastinal adenomas by thoracoscopy was the fi rst demonstration of 
the application of minimally invasive techniques in parathyroid surgery [ 10 ]. In 
1982, the fi rst alternative procedure was proposed by Tibblin; a unilateral explora-
tion was performed with identifi cation of an enlarged abnormal gland and an ipsi-
lateral normal gland. The surgery consisted in the pathological gland removal and 
in the biopsy of normal gland. According to the authors the removal of one whole 
gland facilitated the evaluation of hyperplasia for the pathologist; the bilateral 
neck exploration was performed in case of multiglandular disease revealed at the 
histopathologic examination of the glands from the fi rst explored side. Following 
introduction of intraoperative PTH quick-assay (IOPTH), the identifi cation of the 
ispilateral gland was not performed systematically [ 5 ,  6 ]. The concept of unilat-
eral exploration was reinforced with the development of improved localization 
studies [ 8 ,  11 ,  12 ]. In this context, Chapuis proposed focused unilateral approach 
performed under local anesthesia [ 13 ]. In 2002, a survey by International 
Association of Endocrine Surgeons (IAES) showed that 59 % of surgeons per-
formed currently minimally invasive parathyroidectomy (MIP) [ 14 ,  15 ]. A recent 
survey of parathyroid surgeons shows that limited approach, at present is per-
formed by 68 % of survey respondent, compared with only 11 % in the previous 
decade. Bilateral exploration is performed by 10 % of respondents, compared 
with 74 % only 10 years previously [ 8 ,  16 ]. Recently consensus statement of 
European Society of Endocrine Surgeons (ESES) emphasizes that minimally 
invasive approach is a safe and cost-effective procedure to treat selected patients 
with sporadic PHPT [ 15 ]. 

 In recent years, many new techniques have been described:

•    Minimally invasive radioguided parathyroidectomy (MIRP) [ 17 ,  18 ]  
•   Open minimally invasive parathyroidectomy (OMIP) (central or lateral mini- 

incision under local or general anesthesia) [ 14 ,  19 – 22 ]  
•   Minimally invasive video-assisted parathyroidectomy (MIVAP) [ 23 ,  24 ]  
•   Full endoscopic parathyroidectomy with gas insuffl ations (EP) [ 9 ,  14 , 

 25 – 28 ]    

 There is no uniform agreement on the defi nition of a “minimally invasive 
approach” but in general it is related to surgical procedures that use access of 
2.5–3 cm or less with minimal dissection and minimal surgical trauma [ 5 ]. This 
concept cannot be limited to the length of the skin incision but it must be extended 
to anatomical structures dissected during surgical procedure [ 9 ,  29 ]. 

 Generally, minimally invasive parathyroidectomy (MIP) may be divided into two 
groups: mini-open approaches (OMIP) performed by direct vision through a small 
cervical incision, and techniques using the endoscope. 
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 Either technique has two common threads:

•    Limited incision compared to conventional open transverse cervical incision.  
•   Surgery is targeted to one specifi c parathyroid gland and in most cases the explo-

ration of other glands is not performed or limited [ 30 ]. MIP has advantage of the 
target approach and endoscopic magnifi cation that allows performing the same 
intervention through very minimal access.    

 Under the nomenclature “ endoscopic parathyroidectomy ” or video-assisted tech-
nique, we fi nd appropriate to group all interventions for PHPT in which the surgeon 
uses an endoscope, either during the full intervention or a part of it. As already said, 
the fi rst use of the endoscope in parathyroid surgery has been described for video-
assisted thoracoscopy for excision of mediastinal parathyroid adenomas [ 10 ]. In these 
rare cases of major ectopia, the advantages to the patient were irrefutable. However, it 
is diffi cult to demonstrate the same advantages for all cervical approaches. Two stud-
ies comparing conventional parathyroid surgery to endoscopic techniques have clearly 
shown a diminution of postoperative pain and better cosmetic results with endoscopic 
techniques [ 23 ,  31 ]. The endoscope has the advantage to provide light and magnifi ca-
tion resulting in an excellent view for the surgeons. By direct vision, through mini-
incision, it is more diffi cult to obtain an adequate view [ 9 ]. Recent study presented at 
the European Association of Endocrine Surgeons (ESES) shows that more than half 
patients with PHPT can undergo totally lateral endoscopic parathyroidectomy with a 
98 % cure rate. The complication rate is similar to conventional techniques [ 29 ]. 
Following, we describe the endoscopic techniques making a brief mention of mini-
mally invasive techniques that have induced their development. 

14.1.1     Minimally Invasive Radioguided Approach (MIRP) 

 The MIRP, with a nuclear probe similar to that used for sentinel node biopsy, is able 
to localize an adenoma and has the ability to ensure complete removal by comparing 
the count in the adenoma with the background radioactivity [ 14 ,  15 ]. 

 Surgery can be performed within 3–4 h after injection of 99mTc-sestamibi and inci-
sion is realized near the site of localization adenoma by sestamibi scintigraphy and mea-
surement of gamma emission on the skin. It is not necessary to use IOPTH. Intervention 
is completed when the activity of excised adenoma is 20 % more than the background 
activity. Results obtained with this technique are encouraging. It is evident that this tech-
nique requires a multidisciplinary collaboration and coordination work [ 17 ].  

14.1.2     Open Minimally Invasive Parathyroidectomy (OMIP) 

 It can be performed under local and cervical block anesthesia or hypnosedation with 
advantage of prevent postoperative nausea, vomiting and risk of vocal cord injury 
caused by intubation. 
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 This technique is carried out through a 2–4 cm incision and can involve use of 
radioguidance [ 9 ]. This category includes central and lateral mini-open approaches. 
The lateral mini-open approach is used for removing inferior parathyroid adenomas 
because of the anterior position of PIII. This technique consists in a 15 mm trans-
verse incision on the anterior side of sternocleidomastoid muscle. After platysma 
muscle has been sectioned, a bayonet access is made between sternohyoid and ster-
nocleidomastoid muscles, 2 cm below the cricoids cartilage. Inferior thyroid pole 
and thyrothymic ligament are mobilized to the skin. In our experience, mini-open 
parathyroidectomy is fast (it can be realized in less than 15 min without identifi ca-
tion of recurrent laryngeal nerve) and it is the procedure of choice for inferior and 
superfi cial adenomas [ 9 ]. 

  The central approach  is now reserved for adenomas localized much inferiorly 
near the thymus, from a 15 mm transverse incision in the supra sternal notch. Through 
this incision, conventional instruments like retractors and dissectors are used to iso-
late the inferior parathyroid glands under the strap muscles, with video- assisted 
images of an endoscope (5 mm, 0 or 30°). All maneuvers are therefore performed 
without the use of the endoscope or need of gas insuffl ation. This dissection is ante-
rior to the trachea mostly in the thymus and thyrothymic ligament, and does not 
necessitate identifi cation of the recurrent laryngeal nerve which is posterior [ 9 ].  

14.1.3     Minimally Invasive Video-Assisted Parathyroidectomy 
(MIVAP) 

  Minimally invasive video - assisted parathyroidectomy  ( MIVAP ) is a gasless proce-
dure carried out through a 15–20 mm transversal skin incision performed 2 cm 
above sternal notch. The working space is maintained with small conventional 
retractors. The strap muscles on the side of adenoma are retraced with a small con-
ventional retractor; the other retractor is placed on the thyroid lobe which is retracted 
medially and lifted up. Dissection lobe is performed under direct vision and the 
procedure is performed partially with the 30° endoscope, 5 mm in diameter. The 
endoscopic magnifi cation allows an easy identifi cation of recurrent laryngeal nerve 
and other anatomical structures. Any drain is placed [ 32 ].  

14.1.4     Endoscopic Minimally Invasive Parathyroidectomy (EMIP) 

 Pure endoscopic techniques are performed totally with the help of the endoscope, 
using a midline access between the strap muscles [ 25 ,  29 ,  33 ,  34 ] or a lateral access, 
on the anterior border of the sternocleidomastoid muscle (SCM), using the “back 
route” between the carotid sheaths laterally and the strap muscles medially [ 26 ]. 
Pure endoscopic techniques include a gas insuffl ation and three or four trocars [ 33 ]. 

 Other endoscopic techniques employ an extracervical approach: axillary 
approach [ 20 ] and anterior chest approach [ 35 ]. These operations, less commonly 
used in Europe, have the advantage of leaving no scar in the neck area. Nevertheless 
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they cannot reasonably be described as minimally invasive as they require more 
 dissection than conventional open surgery. 

 The diffusion of EMIP is hindered by the need to familiarize with the use of an 
endoscope in the neck. The learning curve can be long and monitoring by experi-
enced surgeon in these techniques is recommended. This explains that for many 
parathyroid surgeons the use of endoscope during MIP remains debatable. 

 Surgeons who use the endoscope in the surgical neck consider that EMIP have 
the main advantage of offering a view and a light that permit a safe dissection. 
In their opinion, the use of the endoscope should be particularly recommended 
when the recurrent laryngeal nerve is at risk during MIP. Thus, the use of an endo-
scope during MIP may be determined by location of parathyroid adenoma. When 
the gland is posteriorly located and therefore in close proximity to the recurrent 
laryngeal nerve the use of the endoscope may be recommended. 

 In this context, the role of preoperative imaging studies is essential. Every patient 
with sporadic PHPT is a potential candidate for minimally invasive parathyroidec-
tomy. The choice of the approach (lateral or central) could rely on the preoperative 
imaging studies [ 33 ]. Totally endoscopic lateral parathyroidectomy was described 
by Jean François Henry et al. in 1999 and we describe as follows this surgical 
technique.  

14.1.5     Lateral Endoscopic Parathyroidectomy 

 The patient is in supine position without hyperextension of the head to avoid tension 
in anterior cervical muscles. The relapse of these muscles is essential to obtain a 
good dissection space with low fl ow insuffl ations of carbon dioxide. A 12–15 mm 
transversal incision is performed on the anterior border of the SCM below the omo-
hyoid muscle at the same level of thyroid isthmus; dissection is continued through 
this mini-incision towards prevertebral fascia. The omohyoid muscle is the higher 
landmark. The fascia connecting lateral portion of the strap muscles and the thyroid 
lobe with the carotid sheath was gently divided far enough to visualize the preverte-
bral fascia. Access to posterior surface of thyroid lobe is quick and easy. In order to 
enlarge the working space one or two small humid swabs are introduced, upward 
and downward, deeply into the initially created space. This surprisingly quick, effi -
cient, and bloodless maneuver allows excellent exposure operative fi eld. Once 
enough space has been created, three trocars are introduced respectively, a 10–12 mm 
trocar through the incision, and two 2.5 mm trocars above and below the fi rst trocar 
on the line of the anterior border of the SCM; these two trocars are introduced by 
2 mm guide stick and are placed at 4 cm above and below the main trocar (Fig.  14.1 ). 
A purse string suture is placed around the 12–15 mm transverse skin incision to 
prevent both gas leakage and the 10 mm trocar from slipping out of the wound. The 
purse-string suture is tightened around the trocar in which is inserted a 10 mm 0° 
endoscopic camera. Instruments consist of grasper, scissors, and cautery hook; their 
length is 25 cm (Fig.  14.2 ). After verifi cation of the proper positioning of the instru-
ments, carbon dioxide is insuffl ated to 8 mm Hg pressure, which allows to maintain 
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dissection space and to limit small bleeding. At this low pressure, there is no risk of 
subcutaneous emphysema or pneumomediastinum. The second step of surgical pro-
cedure is the endoscopic exploration. The assistant is devoted to endoscopic camera 
and surgeon begins the dissection after introducing instruments through two 2.5 mm 
trocars. The surgeon and assistant remain on the same side of adenoma. A monitor 
is placed in front of them. Immediately after introduction of the endoscope, with a 
minimal dissection all the anatomical structures can be easily identifi ed. Esophagus, 
the inferior thyroid artery and recurrent laryngeal nerve are the landmarks. During 
this endoscopic dissection, ligatures or clip applications are not possible. The ade-
noma is progressively gently dissected from adjacent structures and more particu-
larly from the recurrent laryngeal nerve. When its vascular pedicle is well isolated 
it is possible to coagulate and dissect endoscopically.   

 The third step of the procedure is performed once again without using the endo-
scope. After removing the three trocars the thyroid lobe is retracted medially and 
anteriorly and adenoma is visualized; it is extracted through the largest trocar site. 
If the vascular pedicle is not divided endoscopically, it can be well visualized and 
dissected after application of a clip without any diffi culty. The adenoma is extracted 
from the neck directly through the incision. Drain is not necessary. Intraoperative 

  Fig. 14.1    Instruments       

  Fig. 14.2    Trocars sites: 
three trocars are positioned 
on the line of anterior border 
of the SCM. Central trocar 
receive the 10-mm 0° 
endoscope and the other 
trocars are used for the 
2-mm instruments       
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nerve monitoring can be applied in this technique according to standard procedure 
(stimulation of vagus nerve and recurrent laryngeal nerve before, during, and after 
removal of adenoma). This approach is used principally for adenomas located 
behind the thyroid lobe. Skin is closed only with glue. Rapid IOPTH is used during 
surgery to confi rm the success of procedure in all patients respectively at intubation 
time, incision, removal of adenoma, and 5, 15, and 30 min after adenoma excision. 
The reduction of more than 50 % of IOPTH is considered signifi cant. All patients 
underwent pre and postoperative investigations of vocal cord movements. Serum 
calcium and phosphorus level and PTH are systematically evaluated on day 1 and 
day 8 and after 1 and 6 months after surgery. In our experience, the lateral approach 
is safe and effective. It is reserved for patients with sporadic PHPT, with a single 
adenoma well localized preoperatively and posteriorly located in the vicinity of 
inferior laryngeal nerve [ 26 ,  33 ,  34 ,  36 ,  37 ].  

14.1.6     Robotic Transaxillary Parathyroidectomy 

 There is a little in literature regarding robotic parathyroidectomy however it is 
described as technically feasible in selected patients. Presence of a scar in the neck 
area remains an aesthetics concern for some patients, the majority of whom women, 
that has induced development of robotic transaxillary parathyroidectomy, especially 
in Asia. This technique, developed in South Korea for thyroid surgery in the late 
2000 and by Ikeda [ 20 ] needs a learning curve and a team of endocrine surgeons 
profi cient in use of the Robotic Da Vinci surgical system. The patient is supine with 
a gently extended neck and the ipsilateral arm extended at the shoulder and fl exed 
at the elbow. Incision is made along the lateral border of the pectoralis major mus-
cle. The subcutaneous fl ap is then dissected anteriorly to pectoralis fascia until the 
head of SCM. The sternal head and strap muscles are retracted anteriorly revealing 
a working space superfi cial to the thyroid. Instruments are introduced via the axil-
lary incision. This technique poorly used in Europe and US, has received acclaim in 
Korea due to the higher rates of hypertrophic scarring and social stigma of cervical 
scar. A technical issue reported with robotic approach is related to the dissection of 
the subcutaneous fl ap that can be challenging in taller patients in whom the distance 
from the axilla to the sternal notch exceeds the limit of instruments. The risks of this 
technique are the following of which the last 3 are due to cervical hyperextension: 
vascular injury, tracheal perforation, transient ulnar nerve palsy, transient ipsilateral 
arm paralysis, and Horner’s syndrome. Rate of transient inferior laryngeal nerve 
palsy remains debatable. According to authors the learning curve is steep [ 38 ,  39 ]. 
There remain issues regarding applicability of this approach to the general popula-
tion in US while in Korea it has been successful. It is a very expensive technique: 
robotic system, regular maintenance fees, disposable equipment, costs associated to 
long anesthesia and operating times, and training surgeons. One potential drawback 
is multiglandular disease because whereas total thyroidectomy can be performed 
through a single axilla, bilateral parathyroid exploration required a bilateral axillary 
approach. The main advantage remains in the cosmetic outcome [ 39 ].   
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14.2     Indications 

 The key to successful MIP is careful patient selection and confi dent preoperative 
localization techniques [ 14 ]. Their development has been facilitated by improve-
ment preoperative localization imaging such as 99mTc-sestamibi scintigraphy with 
single-positron emission computed tomography (SPECT), ultrasonography and 
intraoperative parathyroid hormone assays (IOPTH) [ 40 ,  41 ]. 

 Particularly the three following conditions are more than wishful for minimally 
approach and especially for EMIP:

•    Concordance between morphological and functional imaging studies able to 
identify pathological parathyroid.  

•   IOPTH able to confi rm success of surgery with substantial fall in the PTH levels 
after adenoma excision. This is a highly accurate technique with a success rate of 
95–98 %. Falling of more 50 % of maximum preexcision PTH level is consid-
ered signifi cant but persistence more than 50 % after adenoma excision predicts 
the existence of secreting abnormal parathyroid tissue. In this case, it is neces-
sary to continue surgical exploration. In our experience, it is determined at intu-
bation, incision, removal of parathyroid adenoma, and 5, 15, and 30 min after 
excision [ 14 ,  42 ,  43 ].  

•   Specifi c surgical instruments.    

 Concordant positive imaging is necessary prelude for focused parathyroidec-
tomy to confi rm a solitary lesion [ 44 ]. For patients with suspicion of multiglandular 
parathyroid disease, a negative preoperative imaging, with concomitant goiter 
necessitating surgical treatment, previous neck surgery, familial hyperparathyroid-
ism, lithium therapy, the bilateral neck exploration is the preferred surgical tech-
nique. The size of adenoma may be a limit but resection of large and slender 
adenomas more 3 cm is possible in particular when they develop in the posterosu-
perior mediastinum [ 34 ]. 

 Also suspicion of parathyroid gland cancer is an absolute contraindication [ 30 , 
 37 ]. There is a consensus that appropriate patient selection for single gland disease 
is the key of successful targeted parathyroidectomy. Generally these selected 
patients are 50–75 % of all patients with PHPT. According to our experience for 
totally endoscopic lateral approach this percentage is 56 % in a large series of 644 
patients [ 29 ,  45 ]. 

 Endoscopic parathyroidectomy has some advantages for several reasons:

•    Extensive neck dissection is not required  
•   Most parathyroid lesions are small and benign  
•   Aesthetic result is satisfactory    

 The lateral endoscopic parathyroidectomy is the approach of choice for the pos-
teriorly located parathyroid glands, especially for the superior parathyroid glands 
(P IV) when, as pathological, they tend to migrate posteriorly and to descend into 
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the posterosuperior mediastinum. This approach seems also suitable for dissection 
of some inferior parathyroid glands (PIII) located at the posterior side of the inferior 
thyroid pole. In this situation, high volume adenomas tend to be in contact with the 
recurrent inferior laryngeal nerve. With this approach, it is easy to identify the 
recurrent laryngeal nerve and perform safe surgery [ 34 ].  

14.3     Experience and Complications 

 According to our experience, endoscopic techniques have proved to be superior 
because they are able to show anatomical structures greater and better with optical 
magnifi cation and light improvement than conventional open surgery. It is likely 
that with mini-incisions there is inadequate vision without endoscope and it is our 
belief that optimal conditions for exploration are not met, even if those surgeons use 
frontal lamps and surgical loops. At the beginning of our experience, we have listed 
permanent recurrent laryngeal nerve palsy for one patient; at that time, after endo-
scopic mobilizing and liberation of adenoma, the section of vascular pedicle was not 
totally endoscopic but with open approach; the thyroid lobe was retracted medially 
and anteriorly and vascular pedicle was sectioned openly after clipping. We believe 
that involved mechanism of injury was probably due to the damage occurred during 
extraction of parathyroid adenoma as vascular pedicle was dissected in the absence 
of endoscopic vision. Usually recurrent laryngeal nerve is properly identifi ed during 
endoscopic surgical dissection. According to literature [ 46 ] that reports rates of 
nerve injury equal to 1–2 %, we have observed a reduction in recurrent nerve palsy 
when parathyroidectomy is fully endoscopic and especially after the use of intraop-
erative nerve monitoring (IONM). We believe that maneuvers of extraction can be 
dangerous as already described in the literature about minimally invasive thyroidec-
tomy in which nerve recurrent palsy can occur during extraction of lobe from the 
mini-incision [ 47 ]. The monitoring of inferior laryngeal nerve has become a prac-
tice commonly used in thyroid surgery. There is no support to visualize nerve but 
allows to evaluate preoperative and per operative status and establish prognosis in 
case of occurrence of laryngeal nerve palsy (LNP). In the literature, it is reported a 
decrease of transient LNP with monitoring compared to only identifi cation of nerve 
without use IONM [ 48 – 50 ]. The visualization of inferior laryngeal nerve remains 
the main factor preserving nerve function and decrease LNP [ 48 ]. In our experience, 
introduction of the use of IONM has facilitated the use of endoscopic lateral 
approach. 

 According to our experience, not all patients with PHPT are candidate for this 
surgical approach. The failures of this approach are observed in patients with mul-
tiglandular adenomas, supernumerary glands, major ectopia, previous thyroid/para-
thyroid surgery. Today the mortality of this surgery tends to zero. Morbidity is very 
low. Hospital stay rarely exceeds 48 h and scar results are excellent in most patients. 

 The demonstration of meaningful advantages for EMIP over OMIP is not easy. 
Despite the increasing interest in MIP over the last few years, there is no published 
prospective randomized series comparing the two techniques. It will be very 
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diffi cult to challenge the results of both techniques as most advantages consist of 
subjective aspects, such as satisfaction of the scar and level of postoperative com-
fort. The potential advantage of EMIP is the greater and better surgical visualization 
provided with by the endoscope. Whether the endoscope is better than a pair of 
2.5× or 3.5× magnifying loops to identify anatomical structures is diffi cult to prove. 
But EMIP offers not only a magnifi ed view of anatomical details but it offers also a 
perfect lighting of the area of dissection. The quality of the light provided by the 
endoscope is undoubtedly superior to the one obtained with frontal lamps. In OMIP, 
surgical exploration is limited and hindered by the length of the skin incision: the 
shorter the skin incision, the more diffi cult the OMIP. This is particularly true for 
deep-located parathyroid adenomas in patients with large and short necks. This 
explains in general skin incisions of OMIP are longer than skin incisions of 
EMIP. OMIP requires an incision of at least 2.5–3 cm long. In EMIP, the length of 
the incision is determined by the size of the trocars only, that is 12–15 mm maxi-
mum for a 10 mm trocar or less than 10 mm for a 5 mm trocar. One can argue that 
pure EMIP, performed with gas insuffl ation, requires additional trocars but these 
trocars are 2.5 mm in section and do not leave any signifi cant scar in the neck [ 33 ]. 
In our opinion, the main interest of using an endoscope is not that one can perform 
a parathyroidectomy through a small incision, but that one can perform a safe para-
thyroidectomy through a small incision [ 7 ]. 

 Superior parathyroid glands are grouped at the posterior aspect of the thyroid 
lobe and when they are enlarged they always tend to migrate posteriorly and in a 
downward direction. Consequently, the superior parathyroid adenomas themselves 
or their pedicles are always in close proximity to the nerve. 

 The territory of inferior parathyroid glands is much more extensive. In 61 % of 
cases, they are situated at the level of the inferior pole of the thyroid lobes, on the 
posterior, lateral or anterior aspects. In 26 % of cases, they are situated in the thyro-
thymic ligament or in the upper, cervical portion of the thymus [ 33 ,  51 ]. Adenomas 
located at the posterolateral part of the inferior pole of the thyroid lobe tend to 
descend posteriorly and in a downward direction to acquire a paratracheal or a para-
esophageal position. It is in these cases that they become intimate with the recurrent 
laryngeal nerve. Other inferior parathyroid adenomas remain located superfi cially 
in the neck or in the superior mediastinum. During their dissection, the nerve is not 
at risk as it runs more posteriorly. We need to know preoperatively when the nerve 
is at risk, that reinforces the role of imaging studies to localize deep-seated adeno-
mas. Therefore both ultrasonography and sestamibi scan are very helpful. These 
two localization studies are complementary, particularly when adenomas are located 
at the level of the inferior thyroid pole. At this level, it is very important to differen-
tiate deeply located adenoma from superfi cially located adenomas. 

 The lateral approach is the procedure of choice in most cases because it allows 
access to the posterior surface of ipsilateral thyroid lobe. The working space is eas-
ily created with minimal dissection and maintained with low pressure of CO2 at 
8 mmHg. We have not observed subcutaneous emphysema or pneumomediastinum. 
The lateral approach also permits a complete exploration of all anatomical struc-
tures in retro-thyroidal area from the superior vascular pedicle to the 
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posterosuperior mediastinum. It is therefore indicated in all cases where the para-
thyroid adenoma is located posteriorly, as glands slide along the prevertebral plane 
next to the lateral esophageal border, usually for heavy superior parathyroid glands. 
The lateral approach is also indicated for inferior parathyroid glands located poste-
rior to the inferior thyroid poles. This approach permits an easy and excellent iden-
tifi cation of the laryngeal inferior nerve in contact with the adenoma and therefore 
allows a safe dissection. Surgeons with limited experience or in case of large adeno-
mas (>3 cm) can encounter major diffi culties that may lead to capsular rupture and 
local seeding of parathyroid adenomatous cells. In this case, the conversion is rec-
ommended [ 52 ].  

14.4     Management of Complications 

 In case of complications, endoscopic parathyroidectomy can be converted. Hessman 
et al. in his series of 68 patients undergone to EMIP reported a conversion rate of 
25 %. The causes were bleeding, diffi culties in adenoma localization, and diffi cult 
dissection [ 5 ]. In our experience, conversion rate is 13 % among 365 patients. The 
causes were adenoma not found even if preoperative localized, insuffi cient fall of 
IOPTH, sestamibi and ultrasonography false positive results, diffi cult dissection, 
and multiglandular disease [ 45 ].  

    Conclusions 

 In the past two decades, the approach for parathyroidectomy has undergone a 
major shift from bilateral cervical exploration to a focused approach [ 8 ]. Several 
studies reported success and cure rates of focused approaches similar to that of 
bilateral cervical exploration [ 40 ]. However, minimally invasive and focused 
approaches are associated with signifi cant reduction in complication rates, inci-
sion length, operative time, and length of hospital stay [ 40 ]. Once contraindica-
tions have been eliminated, all patients with sporadic primary HPT can be 
considered candidates for MIP. Contrary to open surgery in which the surgeon 
relying on himself can have a success rate of more of 95 %, video-assisted sur-
gery depends on special surgical instruments, rapid PTH assay and preoperative 
imaging concordance. Among many minimally invasive techniques applied to 
parathyroidectomy, the video-assisted technique has the main advantage to offer 
magnifi cation images able to permit a precise and careful dissection with mini-
mal risks. The use of the endoscope could be recommended when the parathy-
roid adenoma becomes intimate with the recurrent laryngeal nerve, when the 
adenoma is located in the retro-thyroidal area. In our opinion, mini-open 
approaches using a skin incision of less than 2.5–3 cm should be used only when 
there is no need to identify the nerve during the dissection, when the adenoma is 
superfi cially located in the neck. 

 Minimally invasive surgery requires competent and experienced surgeon. We 
think that pure endoscopic techniques allow a wider exposure of cervical struc-
tures than video-assisted gasless techniques. In addition, insuffl ation with CO2 
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creates a working space in which anatomical structures can be identifi ed without 
distortion caused by mechanic retraction. In our opinion, the endoscopic lateral 
approach [ 45 ] provides the best access to the posterior aspect of the thyroid lobe. 
It permits a complete exploration of all anatomical elements of the  retro-thyroidal 
area from the superior pedicle to the posterosuperior mediastinum. It is therefore 
applicable in all cases where the parathyroid adenoma is located posteriorly. 
Today the parathyroid surgeon is dependent upon the quality and the adequate 
interpretation of preoperative imaging to make a judicious choice for different 
procedures of MIP. Once contraindications have been eliminated, all patients 
with sporadic primary HPT can be considered candidates for MIP. The endo-
scopic parathyroidectomy has excellent results regarding hospital stay, postop-
erative time, and cosmetic results. This approach should not be opposed to 
conventional parathyroidectomy and should be reserved for patients with spo-
radic PHPT, with a single adenoma clearly localizated preoperatively. It has the 
main advantage of magnifi ed view that permits a precise and careful dissection 
with minimal risks and it is particularly suitable for adenomas located posteri-
orly in the neck [ 52 ].     
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15.1             Introduction 

 During the last decade minimally invasive video-assisted thyroidectomy (MIVAT) 
gained more and more consent among endocrine surgeons to treat selected patients 
with thyroid disorders requiring surgery. 

 The key of its success mainly lies in its close similarity to traditional surgery 
which has tempted also surgeons not used to laparoscopy. 

 The endoscope, indeed, represents only a tool that allows performing the tradi-
tional intervention through a very minimal skin incision [ 1 – 5 ] and guarantees, with 
its two- to threefold magnifi cation, an excellent visualization of the delicate ana-
tomical structures of the neck which must be preserved. 

 As described in detail in another chapter of this handbook, the indications for 
MIVAT changed in the course of time. 

 At the beginning of the experience, suspicious cytology and evidence of suspi-
cious lymph node involvement represented a contraindication for a video-assisted 
approach. 

 Nonetheless, after an adequate period of development, validation and standard-
ization of the technique we [ 6 ,  7 ], as well as other authors [ 8 ], have proposed MIVAT 
also for the treatment of patients with small “low-risk” papillary thyroid carcinoma 
(PTC) [ 9 ]. 

 The excellent oncological results, in terms of adequacy of resection and safety, led 
some authors to progressively apply MIVAT also for the treatment of differentiated 
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thyroid carcinomas (DTCs), starting from the so-called “low-risk” tumours to the 
“intermediate-risk” ones, which now represent optimal targets for this approach [ 9 ]. 

 The increasing experience in this fi eld and the demonstration of the oncological 
completeness of the video-assisted approach in selected cases have convinced some 
authors to try a concomitant central compartment lymphadenectomy and to experi-
mentally test a video-assisted approach for lateral compartment lymphadenectomy. 

15.1.1     Video-Assisted Central Compartment Dissection (VA-CCD) 

 Central compartment lymph node metastases, often microscopic, are frequent in 
patients with PTC [ 6 ,  7 ,  9 – 12 ] and in RET gene mutation carriers [ 13 ]. Nonetheless, 
according to the current international guidelines prophylactic central compartment 
dissection in case of DTC is not mandatory and it should be performed only in case 
of suspicious lymph node involvement [ 11 ,  12 ]. 

 A macroscopic preoperatively identifi ed lymph node involvement in case of PTC 
has been always considered an absolute contraindication for a video-assisted 
approach. 

 However, it is diffi cult to assess, with accuracy, the status of central compartment 
in a preoperative setting and the unexpected intraoperative fi nding of VI level lymph 
node enlargement during thyroidectomy for cancer is rather frequent. 

 In these cases enlarged lymph nodes should be removed in order to clarify the 
node status and sometimes to obtain a node clearance. 

 Since the fi rst application of MIVAT to treat DTCs with no preoperative evidence 
of lymph node involvement, several times we have faced enlarged lymph nodes 
which required to be removed. 

 After obtained a certain expertise with the technique and supported by the evi-
dence of safety and completeness of oncological resection of the video-assisted 
approach [ 6 ,  7 ], we tried to carry out a VA-CCD in patients undergone MIVAT for 
PTC or suspicious thyroid nodules with unexpected intraoperative fi nding of lymph 
node enlargement. 

 In 2002, we reported the results of our preliminary experience [ 10 ] on 5 patients 
who underwent removal of enlarged central neck lymph nodes incidentally 
 discovered during MIVAT for PTC. We decided to remove only enlarged lymph 
nodes for frozen section. The mean number of removed lymph nodes was 2.4 ± 1.3 
(range 1–4). Frozen section examination showed infl ammatory and reactive changes 
in all the examined nodes so we decided not to go on completing the central com-
partment lymphadenectomy. For what concerns operative time, lymph node dissec-
tion added about 15 min to the time required for thyroidectomy in all the cases. We 
registered two cases of transient postoperative hypocalcemia requiring calcium and 
vitamin D oral administration. No other complications occurred. Final histology 
confi rmed the absence of metastases in the examined lymph nodes. Through this 
fi rst experience VA-CCD demonstrated to be feasible and safe with no additional 
risks of complication and with additional advantages in terms of better cosmetic 
result and less postoperative discomfort. 
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 When we judge the results of this preliminary experience, especially with respect 
to the operative time, the fact that it represented the fi rst application of this approach 
to perform central node dissection should be taken into consideration. Indeed, a 
certain learning and training period to become confi dent with a new surgical tech-
nique is necessary. To date the time required to perform VA-CCD is nearly the same 
registered for open surgery. 

 After this preliminary report many other papers concerning the results of 
VA-CCD in case of patients with PTC [ 6 ,  7 ,  9 ,  14 – 17 ] and in RET gene mutation 
carriers [ 13 ] have been published. By the way, all of them represented the report of 
experiences of different centres on relatively small series of patients. 

 Despite these encouraging results, some experts remained hesitant in accepting 
MIVAT as valid option to treat thyroid cancer [ 18 ]. One of the criticisms raised 
against the video-assisted approach concerned just the possibility to guarantee a 
surgical completeness performing a systematic central compartment lymphadenec-
tomy, when necessary [ 18 ]. 

 The lacking, in literature, of comparative studies specifi cally addressing the 
oncological results of VA-CCD in comparison with the conventional procedure led 
us to compare two groups of patients with PTC and similar epidemiologic and 
pathologic features who underwent, respectively, video-assisted (52 cases) and con-
ventional (52 cases) central neck node dissection [ 19 ]. 

 The mean follow-up time was comparable. All the patients underwent the same 
postoperative management and therapeutic protocol as previously described in 
detail [ 7 ,  9 ,  10 ,  14 ]. 

 In all the included cases the decision to perform the central neck node dissection 
relied on the surgeon’s intraoperative assessment of the nodal status. Indeed all the 
patients were considered N0 (node-negative) according to the preoperative evaluation. 

 The incidence of node metastases was 50 % and 46 %, respectively, in video- 
assisted and conventional groups. No statistically signifi cant differences were found 
between the two groups in terms of mean operative time, complication rate, lesion 
size and number of removed lymph nodes as well as in terms of number of the meta-
static lymph nodes at histology. Also the comparative analysis of the follow-up data 
showed no signifi cant differences between the two groups in terms of mean sTg 
levels off LT4 suppressive treatment and mean postoperative quantitative  131  I neck 
uptake obtained prior to  131  I ablation. 

 The results of this study confi rmed previous knowledge about the safety of the 
video-assisted technique and clearly demonstrated that the completeness of surgical 
resection of the two groups was similar, regardless of the surgical approach. 

 The two techniques showed also the same results in terms of patient outcome 
at short-medium follow-up. Despite the results of this approach are encouraging, 
further controlled studies are necessary to evaluate the long-term results. 

 From a pure technical point of view it should be considered that the endoscope shows 
specifi c advantages. Indeed it allows meticulous exploration of the central compartment, 
and enables identifi cation of even slightly enlarged lymph nodes that might be over-
looked at open surgery. In other words the endoscope might make easier the identifi ca-
tion of potentially metastatic lymph nodes during the video- assisted procedure. 
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 This advantage might play a certain role if we think that, at the present moment, 
no imaging methods are available to preoperatively evaluate, with high accuracy, 
the central compartment lymph nodes involvement [ 20 ]. The most widespread 
imaging technique used to assess the node status in patients with PTC is ultrasonog-
raphy, but it is operator-dependent and it can identify only a small portion of lymph 
nodes found at surgical exploration because of the small size of lymph nodes, the 
interference of the thyroid gland or for certain unfavourable anatomic situations 
(e.g. obese patients, short necks, etc.). 

 On the other hand the endoscope, with its optical magnifi cation, guarantees a 
good exposure of the neck structures allowing for a careful dissection that is very 
important when dealing with structures at high risk of injury like inferior laryngeal 
nerves and parathyroid glands that are extensively exposed and dissected when the 
central neck lymphadenectomy is carried on. 

 The advantages that might be expected from VA-CCD are the same that have 
been already demonstrated for other video-assisted operations like MIVAT and min-
imally invasive video-assisted parathyroidectomy (MIVAP), described in other 
chapters of this book. These advantages are not only the cosmetic outcome but also 
the reduction of postoperative pain and analgesic requirements.  

15.1.2     Video-Assisted Lateral Neck Dissection (VALNED) 

 Supported by the results of video-assisted approach for selected cases of DTC and 
encouraged by the results of VA-CCD we also evaluated the feasibility of a mini-
mally invasive video-assisted approach to the functional lateral neck dissection 
(VALNED) in patients with PTC. We considered eligible two patients with low-risk 
PTC and lateral neck nodal metastases < 2 cm, without evidence of great vessels 
involvement. One patient underwent bilateral and one patient unilateral VALNED. The 
mean number of removed nodes was 25 per side. Both patients experienced transient 
hypocalcemia. No other complications were registered. No evidence of residual tis-
sue or recurrent disease was found at follow-up [ 21 ]. These results are encouraging 
but it should be considered a preliminary experience that shows only the feasibility 
of the technique. For defi nitive conclusions, larger series and comparative studies are 
necessary.   

15.2     Indications 

 An accurate patients’ selection plays a relevant role to ensure the success of any 
video-assisted procedure, especially at the beginning of the experience. 

 At the present moment, ideal candidates for video-assisted approach are patients 
with small low-intermediate risk DTC and RET gene mutation carriers who have no 
preoperative evidence of lymph node metastases. 

 Among these, the results of the studies mentioned above demonstrated that 
VA-CCD can be carried out with equivalent outcomes of conventional operation if 
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unexpected suspicious or simply enlarged lymph nodes are found out during 
MIVAT. 

 Since we are aware of the need to investigate patients’ cohorts with longer fol-
low- up to draw defi nitive conclusions about the capability of VA-CCD to guarantee 
an unequivocal node clearance, for the time being the overt lymph node involve-
ment remains a contraindication for video-assisted procedure. Furthermore we con-
sider mandatory the conversion in conventional approach when an accurate node 
clearance cannot be obtained. 

 Obviously to obtain the best results, with similar or even less complication 
rate than conventional intervention, a good patients selection is not sufficient. 
Surgeons, indeed, should be well trained in both endocrine and endoscopic 
surgery [ 22 – 24 ]. 

 To date no indications may be expressed for VALNED that should be considered, 
for the time being, only an experience to test its feasibility.  

15.3     Surgical Technique 

 VA-CCD represents the completion of MIVAT. Therefore the endoscopic instru-
mentation is the same. On this subject it should be stressed the crucial role of the 
camera and the importance of the availability of the Harmonic scalpel. The camera, 
in video-assisted techniques, is free from trocars fi xing it in a stable position. As 
previously described for MIVAT and MIVAP, the camera is handled by an assistant 
who can change his position rotating the 30° degree camera in order to better expose 
all the sites the operator wants to explore, for example, the upper mediastinum, 
maintaining, at the same time, an optimal vision of laryngeal nerves and parathyroid 
glands during all the procedure (Fig.  15.1 ).  

  Fig. 15.1    The camera is 
handled by an assistant who 
can rotate it in order to better 
expose the site of dissection       
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 Harmonic scalpel is particularly useful when a VA-CCD is carried out because it 
can easily coagulate and cut all the lymphatic vessels, reducing the operating time 
and the risk of lymphatic leaks. 

 For what concerns the patient position and the composition of the surgical staff 
we refer to the chapter describing MIVAT. 

 For VA-CCD general anaesthesia with orotracheal intubation is required. 
 VA-CCD is accomplished, during MIVAT, through the same skin access, a small 

(1.5–2 cm) skin incision performed in the midline, usually just below (1 cm) the 
cricoid cartilage. Such a cranial position of the skin incision, that is of utmost impor-
tance to perform MIVAT because it permits a good exposure and a safe control of the 
superior vessels peduncle, does not represent an obstacle to approach the lymph 
nodes located in the upper mediastinum. In fact an optimal preparation of the upper 
and lower subcutaneous fl aps, consents to open the cervical  linea alba  as far as pos-
sible and permits the small skin access to move on the deepest planes, under the 
skilled use of the retractors, letting the endoscopic instruments and the camera easily 
reach both the upper six level lymph nodes and the lower ones. In such a way it is 
possible to perform a complete VI level neck dissection removing all the lymph 
nodes and the fatty tissue from the bone hyoid superiorly, the innominate artery infe-
riorly, the pre-vertebral fascia dorsally, and between carotid arteries laterally [ 25 ]. 

 The dissection is carried out by a blunt technique using the same two dedicated 
instruments called spatulas, previously mentioned for MIVAT. VA-CCD is carried 
out under endoscopic vision, selectively clipping and cutting, or directly cutting 
with an ultrasound knife system (Ultracision®), the lymphatic vessels. It is very 
important to accurately control the tip of the instrument to avoid any injury of the 
recurrent nerves and trachea. The magnifi cation (two- to threefold) of the endo-
scope permits a quite easy identifi cation of the nerves and parathyroid glands 
(Fig.  15.2 ).  

 Nonetheless, as highlighted above in our introduction, the endoscope enables the 
identifi cation of enlarged lymph nodes and consequently not only infl uences the 

  Fig. 15.2    The magnifi cation 
(two- to threefold) of the 
endoscope permits a 
quite easy identifi cation 
of the nerves and 
parathyroid glands. 
 ILN  inferior laryngeal nerve; 
 CCA  common carotid artery       
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surgeon’s decision making but, during the procedure, allows a more accurate dissec-
tion (Fig.  15.3 ).  

 After checking the haemostasis the strap muscles are sutured along the midline 
as well as the platysma. The skin is closed by means of a not re-absorbable subcu-
ticular running suture or by a skin sealant. Usually no drainage is left inside.  

15.4     Personal Experience and Complications 

 A total of 161 VA-CCD were attempted between January 2000 and June 2014. No 
conversion to the conventional procedure was necessary. 

 Pathological studies showed DTC pT1 in 101 cases, pT2 in 6 cases and pT3 in 54 
cases. Lymph node metastases were found in 79 patients (41 pT1, 2 pT2, 36 pT3). 

 Postoperative complications included 2 cases of transient (1.2 %) recurrent 
laryngeal nerve palsy, 63 cases of transient hypocalcemia (39.1 %) and 3 cases of 
defi nitive hypoparathyroidism (1.8 %). No defi nitive recurrent laryngeal nerve 
palsy, no postoperative hematoma and no wound infection occurred.     
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16.1            Parathyroidectomy 

 The possibility of very limited accesses to parathyroid adenomas on one side and the 
necessity of wide accesses in case of extensive explorations for hyperplasias, recur-
rent diseases, and carcinoma on the opposite side, has mostly limited the diffusion of 
endoscopic approaches to hyperparathyroidism (HPT), both primary and secondary. 
In fact, still the majority of surgeons do favor the so-called minimally invasive para-
thyroidectomy, which is characterized by an open targeted operation through a small 
incision [ 1 ]. In spite of this reluctance towards the use of endoscopy or other related 
techniques the minimally invasive parathyroidectomy (MIVAP) [ 2 ], which is proba-
bly the most widespread endoscopic technique [ 3 ], is used by several surgeons 
throughout the world [ 4 ]. Other endoscopic techniques lost most of their appeal 
either because they implied long insuffl ations of the neck [ 5 ] or because they only 
offered the chance of exploring one side of the neck due to their lateral access [ 6 ]. 

 Moreover, other modalities of treatment have appeared recently such as high 
intensity focused ultrasound (HIFU) based on the capacity of an ultrasound beam to 
focus on a target and thus provoking a thermal necrosis of tissues. This technique 
has already been utilized for several pathologies such as prostate, uterus, pancreas, 
liver, etc. [ 7 ]. This same technique was also attempted in thyroid nodules [ 8 ], but the 
impossibility of having a histological information on these potentially malignant 
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tumors limited very much its diffusion. In fact the parathyroid adenomas, having a 
very high probability of being benign (at least over 95 %), seemed very good candi-
dates for this kind of nonsurgical treatment of primary HPT, where in most of the 
cases a single adenoma is involved in the disease [ 9 ]. Besides, the idea of treating 
both PHPT and secondary PHT with nonsurgical techniques had already been suc-
cessfully established by some AA: the most popular being radiofrequency thermal 
ablation [ 10 ], ethanol injection [ 11 ], and ultrasound-guided laser thermal ablation 
[ 12 ]. All these technologies proved to be effective but they were used only sporadi-
cally in the treatment of HPT [ 9 – 12 ]. Alternatively, HIFU, which had proved to be 
so effective in treating some tumors of parenchymal organs, raised a great expecta-
tion in the fi eld of parathyroid adenomas (PA), at least in their sporadic form [ 9 ]. 

 In a pilot study set up by our Group [ 13 ] though, it was certainly possible to dem-
onstrate the effectiveness of the procedure, but its safety was far from being ascer-
tained: in fact, although the necrosis of the tissue was evident, and so was the stop of 
the hyper secretion of parathyroid hormone, also evidenced by both quick parathy-
roid hormone assay (qPTHa) and postoperative sestamibi scan in 3 out of 4 cases, a 
transient palsy of recurrent nerve was present. The latter lasted for few days, but it 
was considered as an intolerable complication rate and the study was interrupted. In 
spite of this disappointing result it cannot be excluded that with an appropriate refi ne-
ment of this technique, when applied to PA, its side effects could be easily mini-
mized. The problem of the relevant transmission of heat linked with any of the energy 
devices quoted above is consistent with the proximity of the recurrent nerve to PAs 
and cannot be by-passed, but some expedients could certainly improve the results in 
a signifi cant way. A new assessment of the quantity of energy used on parathyroid 
tissue is necessary together with a better selection of patients: in order to reach this 
goal, it would be necessary to work out with more accuracy the presumed distance 
between adenoma and nerve, perhaps selecting only few inferior and anterior adeno-
mas. Another issue to reduce the amount of energy could be to increase the number 
of sessions so as to use less energy during each application [ 13 ]. 

 Once the criticism towards these minimally invasive techniques in parathyroid 
surgery has been expressed, the question to be addressed is: Can these approaches 
be considered still valid for the treatment of PHPT and which are their limitations? 
No doubt that all the nonsurgical approaches fi nd a very limited application: prob-
ably they will remain an option only in cases where severe contraindications for 
surgery do exist; an example might be serious cardio vascular or respiratory dis-
eases in elderly patients or advanced neoplastic patients who can sometimes present 
with a PHPT. Also serious renal insuffi ciency cases can occur with SHPT and even 
more with Tertiary HPT and these could be good candidates for such alternative 
techniques [ 10 ]. 

 A further consideration though must be done for the general indications in PHPT 
surgery: most of the patients are now referred to the surgeon with a very clear indi-
cation and, above all, with a very accurate preoperative localization: which with a 
high degree of probability means the patient presents a sporadic adenoma [ 14 ] and 
no extensive exploration will be necessary. Then the effort to minimize the invasive-
ness of the surgery in all these cases, which besides represent the large majority of 
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patients, has been widely justifi ed, also making the standard open  parathyroidectomy 
easily accessible for any surgeon: no doubt this operation can be performed through 
a small incision, using a lateral focused access, possibly facilitated by the use of 
qPTHa and this explains why it has been so successful [ 1 ,  2 ]. 

 Considering this background, what might be the role today for MIVAP? In fact 
this is an operation which needs a learning curve [ 15 ] and a certain familiarity with 
the endoscopic procedures. According to the opinion of several AA [ 16 – 18 ] though, 
some important advantages are still evident in MIVAP. One of the most important to 
us is the possibility of exploring both sides [ 19 ] since this operation uses a central 
neck access; although this necessity quite rarely occurs, a bilateral exploration can 
prove to be of paramount importance in few selected cases. Also the possibility of 
performing the operation under local anesthesia makes MIVAP highly challenging 
when the surgeon has to choose a minimally invasive parathyroidectomy [ 20 ]. 

 In conclusion, this operation which also has the great merit of having opened the 
way to all endoscopic surgery of the neck, after more than 20 years of life seems to 
be far from being abandoned, and, I would say, is here to stay.  

16.2     Thyroidectomy 

 Traditional thyroidectomy is realized through a transverse cervical incision 
(Kocher’s incision), and is associated with a very low morbidity and mortality rate. 
However, the scar remaining after the procedure, in such an exposed area as the 
neck, is disliked by many patients, also considering the main target of thyroid dis-
eases: the female population. Therefore, in the early 1990s, after the introduction of 
laparoscopic/endoscopic surgery, which changed very quickly the attitude of many 
surgeons towards their operative behavior, countless new mini invasive techniques 
were soon proposed for almost any fi eld of surgery and it was not diffi cult to imag-
ine that endocrine surgery would not escape this fate. 

 The fi rst report of an endoscopic parathyroidectomy was in 1996 by Gagner [ 5 ], 
even though a totally endoscopic approach soon appeared too technically demanding 
if compared to the simple standard parathyroidectomy. One year later, minimally 
invasive video-assisted parathyroidectomy [MIVAP], a gasless video-assisted tech-
nique fi rstly described in Italy [ 3 ], showed optimal results in a large series, concern-
ing cosmetic and postoperative outcome. Following these encouraging results 
obtained by MIVAP, surgeons were pushed to try the same access and the same 
technique also for operations on thyroid [ 21 ] and fi rst series of patients successfully 
undergone minimally invasive video-assisted thyroidectomy (MIVAT) were pub-
lished [ 22 ]. In the mean time and for the following 10 years, several surgeons from 
different parts of the globe, aiming to give patients best cosmetic result a postopera-
tive course, continued to devise and propose different endoscopic approaches for 
thyroid removal, describing remote accesses from axilla [ 23 ], breast [ 24 ], retroauri-
colar, or even mouth [ 25 ,  26 ]. 

 In the last 5 years, also robotic thyroidectomy, both transaxillary and retroauri-
colar were described and they seemed to make improvements to the previous 
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approaches by the endoscopic access, although with higher costs, longer operative 
time, and risk of new complications [ 27 ]. 

 Attempting to classify all the approaches proposed for thyroidectomy in recent 
years, both minimally invasive and cosmetic, we could divide into two main classes: 
cervical and extracervical or “remote.” 

 About cervical approach, the endoscopic approach proposed by Gagner and later 
by Henry has not been successful and were quickly abandoned. They were purely 
endoscopic, lateral approaches, based on Co2 insuffl ations. MIVAT instead, gasless 
technique, has been successful and spread among surgeons thanks to the low diffi -
culty of execution, low cost and optimal cosmetic result combined with short and 
good postoperative course. 

 Briefl y MIVAT can be described as follows: the patient is placed in a supine posi-
tion without extension of the neck. A 1.5 cm incision is performed two fi ngers 
above the sternal notch. The midline is opened for 2–3 cm and strap muscles are 
dissected from the thyroid lobe and loaded by a small retractor. Once the thyroid 
lobe is completely freed from the strap muscles, larger retractors, “army-navy” 
type, are inserted in order to maintain the operative space during the entire proce-
dure. At this point a 5 mm 30° endoscope is introduced together with other endo-
scopic instruments and the procedure becomes totally endoscopic. All vessels are 
sectioned by means of energy device (ultrasonic, radiofrequency) except vessels 
very close to the nerve when, in order to avoid thermal injuries, disposable titanium 
clips are preferred. Recurrent nerve and parathyroids can be easily identifi ed and 
dissected thanks to the magnifi cation of the endoscope. 

 Once the thyroid lobe is completely freed and all critical structures identifi ed and 
preserved, it is delivered starting from its upper pole. Then, under direct vision, the 
Berry’s ligament is sectioned and the lobe is completely freed and resected. Drainage 
is avoided. The midline is closed with a single stitch and skin glue is used for the 
wound. 

 MIVAT is indicated in patients with nodules less than 3 cm and thyroid volume 
less than 25 ml. This allows treating patients with small multinodular goiters, nod-
ules microfollicolari, graves, toxic adenomas, and even low-risk papillary carcino-
mas. Numerous publications demonstrate that MIVAT is a safe technique, with 
excellent cosmetic results and excellent postoperative course. Moreover, MIVAT 
has proven effective in the treatment of papillary carcinoma, as demonstrated by 
comparative studies between traditional thyroidectomy and MIVAT. In these studies 
the clearance at thyroid bed level and outcome of patients undergoing these two dif-
ferent techniques were the same. Two main studies from Pisa clearly demonstrated 
the effi cacy of MIVAT for papillary carcinoma. The fi rst one is a prospective ran-
domized study [ 28 ]: 35 patients with low-risk papillary carcinoma were allotted, 16 
were operated on with MIVAT (group A), and 19 with conventional technique 
(group B). One month after surgery thyroglobulin (Tg) serum level was measured 
and a whole body scintigraphy (WBS) with I 131  was performed in all patients and no 
statistically signifi cant difference in the results between the two groups was found. 

 The second prospective study [ 29 ] involved 221 patients with a papillary carci-
noma smaller than 30 mm, treated by MIVAT or traditional thyroidectomy. After a 
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mean follow-up of 5 years there were no statistically signifi cant differences between 
the two groups in terms of age, sex, and mean follow-up. No differences in serum 
Tg and TSH levels and 131-I neck uptake were observed between the two groups of 
patients and no statistical difference was found between cured and not cured PTC 
patients at the end of follow-up. Same rates of hypoparathyroidism and/or recurrent 
laryngeal nerve palsy were recorded. These results after 5-year follow-up clearly 
suggest that MIVAT is a safe and effective technique in the treatment of low and 
intermediate risk papillary carcinomas. 

 The limits in the indications represented by thyroid volume and diameter of the 
nodules are probably the greatest limit of MIVAT, which in fact can only be per-
formed in 15 % of patients with thyroid disease. 

 Despite this, MIVAT represents the most minimally invasive endoscopic tech-
nique performed in the western countries, as demonstrated by numerous publica-
tions that have appeared in the literature in recent years. 

 During the last 2 years more than 30 papers dealing with MIVAT appeared in the 
indexed literature, while 18 papers were published during 2008 and 11 during 2007. 
These data witness the great interest for video-assisted surgery of thyroid among the 
surgeons and how it became widespread, not only in Europe but also in the United 
States. According to Terris, “the technique most widely practiced in North America 
is … MIVAT as originally described by Miccoli” [ 30 ]. When dealing with this oper-
ation several outcomes might be considered in order to critically appraise its results: 
Sgourakis et al. [ 31 ], for example, distinguished between primary and secondary 
outcomes: among the fi rst ones they put adverse events and cosmesis, while among 
the second ones operative time, early and late postoperative time were considered. 
Others took also on account the hospital stay length. An attempt will be done in this 
chapter to examine the overall results as they emerge both from the most recent lit-
erature and from our personal experience. 

 To the best of our knowledge only two main reviews [ 31 ,  32 ] have been pub-
lished aiming to give an evidence-based information on MIVAT: both of them are 
concordant on a statistical signifi cance in favor of MIVAT versus traditional thy-
roidectomy when cosmesis and postoperative pain are examined. As far as adverse 
events are concerned it appears evident in these, as in almost all the papers dealing 
with MIVAT, that a statistical signifi cance is impossible to reach due to the very low 
number of complications, in particular recurrent nerve palsies and hypoparathyroid-
ism. In spite of the lack of a statistical signifi cance though, all authors are concor-
dant on the absolute safety of this procedure with respect to conventional surgery. 

 By then we can assume that the main advantages of this surgery are represented 
by a dramatic improvement of cosmetic outcome and a signifi cant reduction of post-
operative distress. The latter was recently demonstrated also via an evaluation of the 
increase of some biochemical mediators such as TGF-beta which correlate with 
post surgical pain [ 33 ], thus giving an objective demonstration of what had already 
been ascertained through the assessment of subjective pain scores (visual and 
numeric analogue scales) in several papers [ 31 ,  32 ,  34 ]. The fi rst one is not just the 
result of minimizing the length of the incision; the possibility of avoiding the surgi-
cal drainage and the absence of skin sutures brilliantly substituted by cyanoacrylate 
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glue, both concur to determine an excellent aesthetical sequel. As a further 
 repercussion of the surgical trauma cutback, the diffusion of this and similar tech-
niques contributed enormously to the ever increasing attitude to treat surgical thy-
roid diseases on an outpatient basis. Recently, in particular in the United States, 
most of the patients undergoing MIVAT are discharged on the same operative day: 
in some series up to more than 90 % of the cases [ 35 ,  36 ]. 

 Among remote accesses, transaxillary is probably the most widely performed, 
especially in the eastern countries. Ikeda and Takami in 1999–2000 were the fi rst to 
describe the feasibility of endoscopic thyroidectomy via an entirely camoufl aged 
axillary incision [ 23 ]. They used a 3 cm skin incision in the medial folds of the 
axilla and a tunnel was made to expose the thyroid bed. Operation was performed 
by means of two trocars and a fl exible endoscope. Carbon dioxide insuffl ation at 
4 mmHg was used to maintain the working space. 

 Ishii described another extracervical approach which consisted in circum- 
mammary incisions and it was called “breast approach” (BA) [ 24 ]. Later on in 2002, 
Shimazu and colleagues modifi ed the BA incorporating an axillary incision. This 
method was termed the “axillo-bilateral-breast approach” (ABBA) [ 37 ]. This tech-
nique eliminated the parasternal incision used in BA and the group reported a shorter 
operative time and better cosmetic result comparing with BA. Choe and colleagues 
found that total thyroidectomy via this approach with three ports was diffi cult. They 
presented the bilateral axillo-breast approach (BABA) [ 38 ] for improved visualiza-
tion for total thyroidectomy by adding a contralateral axillary port. 

 Some studies comparing endoscopic techniques to conventional thyroidectomy 
demonstrated less postoperative pain, shorter hospital stays, and higher patient sat-
isfaction with cosmesis, voice, swallowing, although outcomes such as surgical 
trauma, capsular disruption, and the introduction of new surgical complications 
have not been extensively studied [ 39 – 41 ]. 

 Certainly, application of Robot to these techniques added further advantages and 
ameliorated all these approaches. Chung described in 2007 Transaxillary robotic 
thyroidectomy (RATT) [ 42 ] and now thousands of operations have been performed 
in Asia. Robotic thyroidectomy eliminates the necessity of gas insuffl ation and gets 
great advantage from 3D vision, use of fi ne and precise tools, ergonomy, and safety 
of ultrasonic dissector. In Europe RATT is performed in few centers. In Pisa we 
have operated 150 patients till now. Results are good, but costs and operative time 
are higher comparing both MIVAT and traditional thyroidectomy. 

 One of the problems that limited the diffusion of these thyroid procedures was 
initially represented by the exact defi nition of the two terms: “minimally invasive” 
and “endoscopic” Actually not all endoscopic thyroidectomies can be considered 
minimally invasive. Among the endoscopic accesses only those implying a direct 
cervical approach are minimally invasive; all those which are based on an extracer-
vical access can certainly be considered as “cosmetic” or “scarless in the neck,” but 
not minimally invasive. Moreover, axillary and breast accesses at their very onset 
could only be proposed for hemythyroidectomies, so limiting further the application 
of these techniques. Moreover, these techniques are even more time consuming 
reaching operative times which are as long as 160–280 min, according to the last 
reports in literature. Such operative times might hardly rival those of MIVAT or 
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conventional thyroidectomy which, in expert hands, are more or less equivalent and 
are considered as the standard for this surgery in most of the Hospitals. 

 Although MIVAT is getting more and more widespread, it is important to keep on 
studying more advanced mini invasive surgical procedures on thyroid provided we 
are able to conjugate innovation with safety. Certainly robotic surgery constitutes a 
great opportunity for endoscopic surgery and it has gained a great favor in the recent 
years: in the fi eld of thyroid surgery unfortunately the use of robot is only compatible 
with an extracervical access, which is far from being minimally invasive; the opera-
tion was initially performed through an axillary access and a further incision on the 
upper thorax area far enough from the cervical area to be not visible in a normally 
dressed woman. The operation was called cosmetic because in most of the eastern 
countries a scar in the neck is considered highly undesirable. More recently though 
the operation has been proposed through a unique axilla incision, thus reducing sig-
nifi cantly postoperative pain: we perform ourselves this latter robotic procedure and 
can witness that the operation is very well tolerated and well accepted by patients 
who can be discharged two days after surgery. Besides the development of the so-
called “single access” surgery, certainly will help technology to explore the possibil-
ity of using the robot also through single small incisions such as the one used by 
MIVAT and MIVAP, but also by other pediatric operations. Another future develop-
ment of MIVAT might be a further extension of its indications, in particular the pos-
sibility of performing lateral lymphadenectomies through the same central incision: 
actually some preliminary results have already been published in literature [ 43 ] but 
the patients’ recruitment is very diffi cult since the cases with small papillary carcino-
mas fulfi lling the criteria to undergo MIVAT very rarely present with a lateral com-
partment lymph node involvement necessitating a lymphadenectomy. 

 Another interesting access proposed by German authors is the sublingual access, 
called “Trans Oral Video Assisted Thyroidectomy” (TOVAT) [ 44 ]. This procedure 
could be virtually defi ned as minimally invasive since the access is in the cervical area: 
it basically mimics the embryological pathway of the thyroid gland from its primitive 
site at the basis of the tongue to its fi nal position in the neck. It might leave no scar in 
the cervical visible area and is a development of the so-called natural orifi ces trans 
endoscopic surgery( NOTES), but, in spite of this, its invasiveness is far from being 
reduced and several objections could be raised [ 45 ] against this access: through a 5 mm 
incision, as described by the authors, it would be very diffi cult to remove most of the 
thyroid lesions necessitating a surgical treatment, the haemostatic devices used in this 
operation hardly might guarantee a safe division of most of the upper pedicles of the 
thyroid glands and fi nally it is arguable that it is ethically correct to injure an intact 
mouth pavement to operate on a gland so easily accessible through the skin.     
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17.1             Introduction 

 Interest on the surgical anatomy, neurophysiology, and pathology of the external 
branch of the superior laryngeal nerve (EBSLN) increased in last two decades. In 
fact, there is an increasing attentiveness from both clinician and patient for the 
possible consequence of EBSLN injury in thyroid and parathyroid surgery, such 
as postoperative altered frequency of voice, modifi ed timber, deterioration in 
performance (high-pitched sounds), reduced voice quality projection, and extra 
effort to speak, more noticeably in the voice of professionals and women 
(Fig.  17.1 ).  

 IONM is increasingly performed in endocrine surgery due to a signifi cant improve-
ment of the technical aspects, devices (Fig.  17.2 ), and evidences evolutions 
(Table  17.1 ). The recent international standards guideline statement on EBSLN moni-
toring highlighted in detail the advantages of intraoperative neuromonitoring (IONM) 
for accurate, early, and defi nitive identifi cation and preservation of the EBSLN during 
thyroidectomy [ 5 ]. The International Neural Monitoring Study Group (INMSG) 
 suggests EBSLN monitoring in thyroidectomy [ 5 ]. Recent studies enhanced the  
utility of IONM research for precise EBSLN neurophysiologic data [ 43 ]. 
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  Fig. 17.1    Total numbers of documents on EBSLN published by year (1935–2013)       

  Fig. 17.2    Atraumatic ball 
tip intraoperative nerve- 
monitoring probe stimulator 
for early EBSLN 
identifi cation and 
confi rmation       
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An unequivocal defi nition of EMG data from EBSLN monitoring is a prerequisite 
for correct defi nition of preserved nerve function, nerve stress and injury, recovery, 
and prognostication. 

   This chapter is a review of the evidence-based literature and the cumulative 
experience of the authors with EBSLN monitoring technique. EBSLN monitoring is 
our routine practice since 2007 [ 15 ] for both conventional and endoscopic 
procedures.  

17.2     EBSLN Surgical Anatomy 

 EBSLN is one of the two main branches of the superior laryngeal nerve (SLN). It 
innervates the cricothyroid muscle (CTM) and the inferior pharyngeal constrictor 
muscle. Its anatomical position exposes it to damage risk during the dissection of 
the upper thyroid pole in the course of thyroidectomy procedures. 

 The SLN is the only nervous structure whose embryological development origi-
nates from the fourth pharyngeal arch. The thyroid, cricoid, arytenoid, corniculate, 
and cuneiform cartilages of the larynx are formed by the cartilaginous components 
of the fourth and sixth pharyngeal arches fused together. From the fourth arch devel-
ops also the cricothyroid muscle, the levator palatini muscle, and the constrictor of 
the pharynx, innervated by the different branches of the SLN [ 50 ]. 

 The trunk of the SLN arises just caudal to the jugular foramen of the basicra-
nium, branching from the vagus nerve or the nodose ganglion. It runs behind the 
carotid arteries descending in an anterior and medial direction toward the larynx 
[ 21 ,  22 ,  31 ]. The nerve splits into two branches nearly at the level of the superior 
cornus of the hyoid bone, averaging at 15 mm from its origin. The bifurcation often 
lies between the internal and the external carotid arteries. Both the branches exit 
from the carotid sheath about 20 mm below the bifurcation of the common carotid 
artery [ 25 ,  31 ,  40 ]. 

 The internal branch of the superior laryngeal nerve (IBSLN) is always in a 
medial position relative to the lingual and facial arteries. It runs mainly parallel 
and medially to the superior laryngeal artery. It stays next to the pharyngeal 

  Table 17.1    Reasons for 
increase usage of IONM  

 Noninvasive devices (endotracheal tube-based monitoring 
systems) 

 User-friendly systems 

 Randomized trials 

 Guidelines and standardization 

 Training courses 

 Medicolegal issues 

 Research 

 Societies recommendations 

 Commercial effort 
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wall, turns medially, caudal to the greater horn of the hyoid bone, passes behind 
the thyrohyoid muscle, and pierces the thyrohyoid membrane to get into the 
larynx [ 23 ]. 

 EBSLN has many anatomical variants and knowing the variations in its course is 
fundamental for its identifi cation during surgery. The diameter of the nerve is about 
0.2 mm [ 31 ]. Its vascularization is supplied by the cricothyroid artery, branch of the 
superior thyroid artery (STA) [ 41 ]. After its branching, it crosses the medial border 
of the internal carotid artery (75 %) or runs posteriorly to the common carotid artery, 
lying medial to the cervical sympathetic ganglion [ 41 ]. 

 Four different classifi cations for the position of the nerve have been proposed. 
Each of this classifi cation uses different landmarks. Cernea classifi cation [ 9 ] is the 
most commonly cited in the past and recent literature and it is simple and easy to be 
applied in the clinical practice. 

17.2.1     Classifications 

 Cernea et al. [ 9 ] and Kierner et al. [ 33 ] describe the nerve path in relation to the 
STA, Friedman et al. [ 19 ] use as landmark the inferior constrictor muscle (ICM), 
and Selvan et al. [ 53 ] analyze the relationship between the entries of the nerve into 
the cricothyroid muscle, the superior thyroid vessels (STV), and the cricoid carti-
lage. Table  17.2  summarizes these classifi cations.

   The Cernea et al.’s [ 9 ] classifi cation divides EBSLN into type 1, that is, the 
nerve crosses the STA more than 1 cm above the margin of the superior thyroid 
pole (68 % in case of small goiter; 23 % in case of large goiter); type 2A, that 
is, the nerve crosses the STA <1 cm above the margin of the superior thyroid 
pole (18 % in case of small goiter; 15 % in case of large goiter); and type 2B, 
that is, when the nerve crosses the superior thyroid pedicle below the margin of 
the superior thyroid pole (14 % in case of small goiter; 54 % in case of large 
goiter). 

 Cernea 2A and 2B types are particularly frequent (15–55 %) and prone to be 
injured during the upper thyroid pedicle dissection and ligation. 

 Cernea classifi cation is nowadays the most commonly used EBSLN surgical 
classifi cation in the clinical practice and research, for its simplicity and ease of 
use.  

17.2.2     The Sternothyroid–Laryngeal Triangle 

 Knowing this anatomical space, otherwise called Jolles space, is useful to fi nd the 
EBSLN. The triangular region has the base at the bottom, represented by the upper 
edge of the superior thyroid pole; the medial margin is composed of the thyroid and 
cricoid cartilages, the pharyngeal constrictors and cricothyroid muscle, and the 
retracted sternothyroid muscle which normally lies above laterally. In the medial 
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portion of the area, it is usually possible to fi nd the EBSLN. The STV are located 
laterally and the STA between the vein and the nerve [ 42 ].  

17.2.3     EBSLN Anastomoses 

 Another important aspect about the EBSLN is the presence of anastomoses between 
its trunk and the other nerves, particularly with the IBSLN and the recurrent laryn-
geal nerve (RLN). The connection between IBSLN and EBSLN runs through the 
thyroid foramen (an opening inside the thyroid cartilage) when present, often fol-
lowed by the blood vessels [ 52 ]. The human communicating nerve (HCN) [ 61 ], also 

   Table 17.2    EBSLN classifi cations   

 Cernea et al. [ 9 ] 

   Type 1 → the nerve crosses the STA more than 1 cm above the margin of the superior 
thyroid pole (68 % in case of small goiter; 23 % in case of large goiter) 

   Type 2A → the nerve crosses the STA <1 cm above the margin of the superior thyroid pole 
(18 % in case of small goiter; 15 % in case of large goiter) 

   Type 2B → the nerve crosses the superior thyroid pedicle below the margin of the superior 
thyroid pole (14 % in case of small goiter; 54 % in case of large goiter) 

 Kierner et al. [ 33 ] 

   Type 1 → the nerve crosses the STA more than 1 cm above the margin of the superior 
thyroid pole 

   Type 2 → the nerve crosses the STA <1 cm above the margin of the superior thyroid pole 

   Type 3 → the nerve crosses the superior thyroid pedicle below the margin of the superior 
thyroid pole 

   Type 4 → the nerve crosses the STA immediately above the margin of the superior thyroid 
pole 

 Friedman et al. [ 19 ] 

   Type 1 → the nerve runs superfi cially or laterally to the inferior constrictor muscle for its 
whole course until it terminates in the cricothyroid muscle 

   Type 2 → the nerve penetrates the inferior constrictor muscle in its lower portion 

   Type 3 → the nerve goes under the superior fi bers of the inferior constrictor muscle covered 
for the whole course 

 Selvan et al. [ 53 ] 

   Type 1a → the nerve lies 1 cm before the entry of the vessels into the gland or anterior/
between the branches of the superior thyroid vessels and distant 3 cm from the cricoid 
cartilage (9 %) 

   Type 1b → the nerve lies 1 cm before the entry of the superior thyroid vessels into the gland 
but posterior to the vessels. The entry point is close to the anterior insertion of the 
cricothyroid muscle on the cricoid cartilage (3 %) 

   Type 2 → the nerve lies within 1–3 cm of the entry of the vessels into the gland or within 
3–5 cm from the cricoid cartilage (68 %) 

   Type 3 → the nerve lies between 3 and 5 cm of the entry of the vessels into the gland or 
more than 5 cm from the cricoid cartilage (20 %) 
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called pyriform nerve [ 51 ] or cricothyroid connection branch [ 38 ], is the anastomo-
sis which connects the EBSLN to the RLN in one or both sides. Its position between 
these nerves suggests that it could be the nerve of the fi fth branchial arch [ 51 ,  61 ]. 
It starts from the medial surface of the cricothyroid muscle and enters into the lat-
eral surface of the thyroarytenoid (TA) muscle. Sometimes it is double branched, 
but more frequently it is a single trunk [ 38 ]. 

 Depending on the position where the human communicating nerve joins the 
RLN, four variants of anastomoses have been described [ 38 ]:

•    Type A → the HCN enters the RLN in correspondence to the inferior branch to 
the posterior cricoarytenoid muscle  

•   Type B → the HCN enters the RLN where the arytenoid branch originates  
•   Type C → the HCN enters the RLN where the lateral cricoarytenoid branch 

starts  
•   Type D → the HCN enters the last RLN into the branch to the thyroarytenoid 

(TA) muscle    

 This nerve is composed of sensory fi bers, passing into the TA muscle to termi-
nate near the cricoarytenoid joint in the subglottic mucosa, and motor fi bers joining 
the RLN or entering the TA muscle directly [ 61 ].   

17.3     Incidence of EBSLN Injury 

 The prevalence of EBSLN damage is hard to assess because, at this stage, there is 
too much intertrial methodological heterogeneity. Since vocal examination underes-
timates the incidence of neural damages and laryngeal postoperative exam can have 
inconsistent fi ndings as well, CTM EMG is the only reliable way to diagnose 
EBSLN injury. Hence, the prevalence of such event ranges from 0 % to nearly 60 %. 
For all those reasons, EBSLN damage is considered the most commonly underesti-
mated postoperative event [ 3 ,  5 ,  29 ,  32 ,  36 ,  46 ,  47 ]. However, higher intraoperative 
attention is given to the EBSLN (in particular during the dissection of the superior 
thyroid pole); the lower nerve damage rate is also reported. What is more, in recent 
years the increased use of IONM improved the neural detection rate and decreased 
the neural impairment rate [ 4 ,  5 ,  9 ,  18 ,  30 ]. 

 Cernea et al., showed an incidence between 12 % and almost 30 % when the 
EBSLN was not identifi ed during surgery [ 9 ,  10 ]. Jansson et al. reported a tempo-
rary EBSLN injury rate of almost 60 % and a permanent injury rate of almost 4 % 
when no EBSLN identifi cation was achieved [ 29 ]. Additionally, a randomized trial 
showed that the distal ligation of the superior thyroid vascular branches without 
neural visual identifi cation, if performed by experienced surgeons, seems to be a 
safe procedure, but there is a temporary EBSLN lesion prevalence superior to nerve 
identifi cation technique (0.5 % vs. 0.8 %), and, of note, these authors did not report 
EMG defi nition of CTM function [ 6 ].  
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17.4     Diagnosis and Treatment of the EBSLN Injury 

 Clinical or endoscopic fi ndings cannot accurately diagnose EBSLN dysfunctions, 
because they are often subclinical and widely variable (from loss of ability to produce 
high-pitched sounds to a deeper voice acquisition, from singing voice impairment to 
vocal tightness/weakness, or requiring extra effort in speaking) [ 5 ,  8 ,  48 ,  49 ,  55 ]. 
These symptoms may signifi cantly affect the quality of life [ 12 ,  32 ]. Via the func-
tional voice assessment, shortening of the maximum phonation time and lowering of 
the high tones and reduction of the vocal range can be detected. The effect of crico-
thyroid muscle dysfunction has controversial and variable effects at laryngoscopy 
exam [ 1 ,  5 ,  42 ,  56 ,  57 ,  60 ]. 

 Since the clinical fi ndings are often minimal and the laryngeal fi ndings are hetero-
geneous, debatable, and not conclusive, EMG of the CTM (via percutaneous electrode 
placement into the muscle) is the most reliable way to detect EBSLN dysfunction 
(details of the technique are described in the guidelines) [ 5 ,  9 ,  59 ]. After temporary 
EBSLN damage (in case of paresis or unilateral paralysis), vocal quality improvement 
can follow; moreover residual muscular function can be implemented via vocal exer-
cise. Notably, at this stage, when EBSLN damage is bilateral and complete, there is no 
effective way to restore dynamic pitch range [ 5 ]. Promising data were presented by 
El-Kashlan et al., who successfully performed selective cricothyroid muscle reinnerva-
tion (in a small sample with high vagal lesions). After reconstruction, all of these 
patients showed electromyographic and voice quality improvement [ 18 ]. 

 IONM has been proposed for EBSLN test for postoperative prognostication. 
IONM is useful for intraoperative detection of nerve injury. Intraoperative electrical 
EBSLN testing at the end of the operation “ S2 ” (Table  17.3 ) can serve for postopera-
tive prognostication of the EBSLN function [ 5 ,  45 ]. At the end of the surgical opera-
tion, a positive cricothyroid twitch after stimulation of the EBSLN is a good evidence 
for functional EBSLN preservation, with a related low risk of intraoperative neural 
damage [ 5 ,  45 ]. It is mandatory to investigate the most cranial neural segment, above 
the region of the superior pole managed during surgery. Moreover, it is important to 
have accurate knowledge of the normal laryngeal and cricothyroid muscle anatomy to 
accurately assess the cricothyroid muscle twitch [ 5 ,  45 ].

    Table 17.3    Standardization 
of RLN and EBSLN 
monitoring  

 1. L1 Preoperative laryngoscopy 

 2. V1 Test vagus nerve before identifi cation of RLN 

 3.  R1 Test RLN when it was identifi ed at the 
tracheoesophageal groove 

 4. S1  EBSLN  stimulation at identifi cation 

 5. S2  EBSLN  stimulation after STA ligation 

 6.  R2 Test RLN after it was completely dissected from 
Berry’s ligament 

 7. V2 Test vagus nerve after complete hemostasis 

 8. L2 Postoperative laryngoscopy 
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17.5        EBSLN Monitoring Technique 

 Standards for EBSLN management during thyroid surgery are detail knowledge of 
its anatomy, experience, training, visual identifi cation, and exposure. EBSLN moni-
toring principles are similar to those of recurrent laryngeal nerve (RLN) monitoring, 
that is, IONM is an adjunct to meticulous technique and useful for EBSLN identifi -
cation, confi rmation, monitoring, functional verifi cation, and exclusion of EBSLN 
proximity during dissection. Multiple surgical techniques have been reported to 
reduce the risk of injury to the EBSLN [ 5 ]: (1) ligation of the superior thyroid vas-
cular branches under direct vision on the thyroid capsule without visual neural iden-
tifi cation [ 6 ], (2) visual neural detection before superior thyroid pole vessel ligation 
[ 1 ], and (3) the use of either a nerve stimulator or intraoperative neuromonitoring 
for mapping and confi rmation of the EBSLN identifi cation [ 2 ,  4 ,  9 ,  10 ,  15 ,  20 ,  28 , 
 30 ,  35 ]. 

17.5.1     Equipment and Setup 

 RLN and EBSLN share certain monitoring standards of equipment setup, endotra-
cheal tube placement, anesthesia, and correct tube positioning verifi cation tests [ 45 ]. 
Monitoring is set with event threshold of 100 mcV (150 mcV usually for RLN) and 
pulsatile stimulus duration of 100 mcs at 4 Hz [ 5 ]. We commonly use the intermitted 
IONM manual stimulator probe as dissecting instrument, disposable or reusable. We 
prefer the ball tip stimulator probe which is atraumatic during dissection (Fig.  17.2 ). 
On the other hand, stimulating electrodes may be monopolar or bipolar. Bipolar stim-
ulator may be preferred to monopolar one for EBSLN monitoring due to its small 
nerve diameter, less stimulation artifacts, convergence, and precision of stimulation 
(Fig  17.3 ). Bipolar stimulator may provide the potential greater sensitivity [ 5 ]. If a 
bipolar device is used, the precise orientation of the anode and cathode stimulating 
electrodes placed on the nerve is of crucial importance. The bipolar probe may not be 
the best option for nerve mapping since the stimulation is more focal in comparison 
with the monopolar probe, which provides more diffuse current spread and may 
facilitate the mapping of a wider region [ 5 ]. The stimulator probe should be set at 
1–2/3 mA. Stimulation is set with 2–3 mA for nerve identifi cation, mapping, and 
dissection; with 1 mA for nerve confi rmation, monitoring,  S1  and  S2  stimulation 
(Table  17.3 ). In particular, for confi rmation of visually identifi ed EBSLN, a 1 mA 
current should be preferred but higher values (up to 2 mA) should be used for EBSLN 
mapping. Multiple and heterogeneous different nerve- monitoring formats have been 
studied but for safety and simplicity reasons; endotracheal tube-based surface elec-
trode systems are the most commonly used monitoring system [ 45 ]. De facto, endo-
tracheal tube-based systems with a graphic monitor documentation are preferred for 
neural monitoring. New audio and graphic monitor IONM equipment must be pre-
ferred today to only audio monitors due to the possibility of print documentation, 
amplitude and latency quantifi cation, storage/record, differentiation between signal 
and artifact, forensic issues, research, and justifi cations of surgical deliberations. In 
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fact, audio-only systems lack EMG response stimulation assessment (threshold, 
amplitude, latency, and waveform shape) [ 5 ,  45 ]. We routinely adopt EMG electrode 
surface endotracheal tube. Endotracheal EMG tube electrodes gain more popularity 
recently due to its availability, safety, noninvasive nature, ease of setup, ease of use, 
and the capacity to derive larger areas of evoked muscle potentials as for EBSLN 
monitoring. Finally, the SLN is the fi rst branch of the vagal nerve after skull base 
exit; thus continuous monitoring ( C -IONM) probe electrode cannot monitor EBSLN; 
however  C -IONM may provide simultaneous and permanent monitoring of RLN 
during upper pole dissection.  

 An accurate surgical technique must be adopted to spare the cricothyroid muscle 
and the EBSLN. The EBSLN course must be visually identifi ed and monitored in 
order to avoid neural damage when approaching the superior pole by identifi cation 
of its course. For this reason, a perfect anatomical knowledge and the classifi cation 
of the different EBSLN variations are mandatory [ 5 ]. In the avascular space between 
the superior pole and the cricothyroid muscle, a blunt dissection of the superior pole 
should be performed to obtain clear exposure of the sternothyroid–laryngeal trian-
gle where the EBSLN is located (Fig.  17.4 ). In the vast majority of cases, there is no 
need for transverse division of the strap muscles if the thyroid has a normal size or 
it is only slightly enlarged. However, in cases of large masses or if a short neck is 
present, a partial division of the sternothyroid muscle may improve the surgical 
access. Moreover, a better exposure of the sternothyroid–laryngeal triangle can be 
achieved via gentle latero-caudal traction of the thyroid lobe [ 5 ]. The transverse 
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  Fig. 17.3    Intraoperative nerve-monitoring probes: bipolar vs. monopolar. Bipolar stimulator may 
be preferred to monopolar one for EBSLN monitoring due to its small nerve diameter, less stimula-
tion artifacts, convergence, and precision of stimulation       
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division of the cranial portion of the sternothyroid muscle should be performed with 
caution due to possible proximity of EBSLN. Previous stimulation/mapping is sug-
gested to exclude  EBSLN  proximity with a stimulation set between 2 and 3 mA.  

 Via a blunt dissection, the superior thyroid vessels should be identifi ed, and indi-
vidual branches exposed [ 5 ]. Notably, transverse division of sternothyroid muscle 
(its superior edge) and a latero-caudal traction of the superior thyroid pole, followed 
by blunt dissection within the avascular plane of sternothyroid–laryngeal triangle, 
provide improved EBSLN exposure. The nerve is usually descending parallel to the 
superior thyroid artery and it is located on the inferior constrictor muscle before its 
termination within the cricothyroid muscle [ 5 ]. 

 It is vital to visually search for the nerve, but of note, almost 20 % of EBSLNs 
cannot be visually identifi ed because of their subfascial/intramuscular course [ 19 , 
 34 ]. Selvan et al. have shown that in many cases, non-neural tissue can be misidenti-
fi ed for the EBSLN [ 53 ]. 

 In modern monitored thyroidectomy, EBSLN visual identifi cation and electrical 
IONM confi rmation is defi ned as “S1” (Table  17.3 ). S1 is reference for EBSLN and 
STA dissection. 

 In all patients, the EBSLN should be visually identifi ed and neural stimulation 
with the cricothyroid muscle (CTM) twitch assessment and glottis endotracheal 
EMG monitoring should be performed [ 5 ]. 

 Non-neural fi bers, vessels, and tendinous fi bers can be mistaken for 
EBSLN. Visual EBSLN identifi cation without IONM may be fl awed. The IONM is 
useful in this stage for EBSLN confi rmation: the absence of CTM twitch or EMG 
is the prerequisite. 

  Fig. 17.4    The sternothyroid–
laryngeal triangle, otherwise 
called Jolles space, is useful 
to fi nd the EBSLN. The 
triangular region has the base 
at the bottom, represented by 
the upper edge of the superior 
thyroid pole; the medial 
margin is composed of the 
thyroid and cricoid cartilages, 
the pharyngeal constrictors 
and cricothyroid muscle, and 
the retracted sternothyroid 
muscle which normally lies 
above laterally. In the medial 
portion of the area, it is 
usually possible to fi nd the 
EBSLN       
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 In case of large goiters or in short necks, the superior thyroid pole dissection is 
more diffi cult and risky for the EBSLN because in such cases, the superior pole 
is more cranial and there is more adherence of the nerve to the thyroid [ 5 ]. Cernea 
et al. have documented that if the thyroid is >100 g, type 2B nerve incidence (which 
is more prone to damage) may rise to 54 % [ 9 ,  10 ]. Similarly, Furlan et al. found that 
a short neck and a large hemithyroid gland volume are risk factors for the EBSLN 
injury [ 24 ]. For those reasons, mass ligation technique should not be used, because 
it is unsafe for the EBSLN. Moreover, when energy-based device (EBD) is used, 
there is an additional risk of neural iatrogenic heat injury [ 14 ,  15 ]. In this way, 
IONM can be a valid adjunct to visualization [ 34 ]. Moreover, if a suture ligation or 
clip is applied near the EBSLN, and IONM suggests neural dysfunction, they must 
be removed, to avoid risk of permanent damage at this level. 

 The stimulator probe is useful for the management of the STA ligation. Mass 
ligation of the STA should be avoided. A 3 mm distance of safety is suggested to 
avoid collateral iatrogenic heat injury when using an energy-based device (EBD). 
Before STA ligature, stimulate at 2–3 mV the STA dorsally, medially, anteriorly, 
and laterally (i.e., 360°). In conventional IONM, there is a rule of the thumb that 
in case of cricothyroid twitch or signal at 2 mA stimulation, a nerve is to be proxi-
mal in about 2–3 mm. Cricothyroid twitch and EMG signal are reference for dis-
section and presence of the nerve in proximity. Thus, if stimulation of the STA 
that is to be divided is negative for EBSLN, this is true negative for absence of 
neural tissue in the pedicle. This maneuver excludes the EBSLN presence in the 
divided tissue by IONM. Again, this technique is useful as nearly 20 % of EBSLN 
cannot be visualized due to subfascial course or intraoperative bleeding. As a 
consequence, the STA is ligated. If EBD is used, we suggest protecting the crico-
thyroid muscle medially by sponge. 

 Again S2, the test of EBSLN at the end of operation, is assessed after complete 
STA ligation, thyroidectomy, and hemostasis. S2 must be ensured by the stimula-
tion of the most cranial aspect of exposed EBSLN and it serves for postoperative 
prognostication. It is important in the operative notes to have a statement that men-
tions that the EBSLN was visualized and was intact (IONM) at the end of the pro-
cedure. We routinely insert S1 and S2 EMG data, together with L1, V1, R1, R2, V2, 
and L2 determinations. Finally, as a consequence of the variability of glottic EMG 
response (70–80 %), in 20–30 % of cases documentation, record, and storage of 
EBSLN EMG signal (S1 and S2) are not feasible.  

17.5.2     Definitions of EBSLN Monitoring 

•     A  false-positive  stimulation (i.e., incorrect identifi cation of the EBSLN) is a 
positive CTM twitch (with or without corresponding EMG response) in the case 
of non-neural shunt stimulation.  

•   This event is in some cases possible during neural mapping using a current of 
2 mA: in order to assess the non-neural shunt stimulations, it is best to decrease 
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the current between 0.8 and 1 mA so that false-positive stimulation can be 
silenced [ 5 ].  

•   A  false-negative  stimulation (i.e., the EBSLN mistaken as non-neural tissue) 
occurs when there is no CTM twitch (and no relative EMG signal) after EBSLN 
stimulation. This event is most often related to a heterogeneous range of equip-
ment malfunctioning due, for example, to neuromuscular blockage, low stimu-
lating current, biologic liquids or tissue covering the stimulated nerve segment, 
or transient neuropraxia (e.g., due to stretch injury) [ 5 ].  

•   A  true negative  neuromonitoring result is when there is no CTM twitch after the 
stimulation of the non-EBSLN tissue [ 5 ].  

•   A  true positive  neuromonitoring result is when, after the stimulation of the ipsilat-
eral nerve with 1 mA (in the presence or absence of the corresponding EMG 
response), correct identifi cation of the EBSLN is confi rmed via the CTM twitch [ 5 ].      

17.6     Technique A 

17.6.1     IONM of the EBSLN: Stimulation–CTM Twitch [ 5 ] 

 The principles highlighted in detail in the international standards guideline state-
ment can be applied to the EBSLN stimulation and monitoring with few important 
differences [ 45 ]. The EBSLN should be visualized when possible and the surgical 
management of the superior pole should involve two neural monitoring steps [ 5 ]:

    1.    In order to get a true positive stimulation, the EBSLN must be stimulated as 
clearly present (through CTM visual twitch assessment or endotracheal glottic 
waveform if observable) cranially and medial to the superior pole pedicle [ 5 ]. 
Again, the fi rst stimulation of the EBSLN is defi ned as S1 and is reference for 
the dissection (Fig.  17.5 ).    

  Fig. 17.5    Identifi cation by 
IONM of the EBSLN. In the 
avascular space between the 
superior pole and the 
cricothyroid muscle, a blunt 
dissection of the superior 
pole should be performed to 
obtain clear exposure of the 
sternothyroid–laryngeal 
triangle where the EBSLN is 
located       
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   2.    In order to get a true negative, it is important to check for the absence of neural 
tissue in the pedicle that is to be divided (i.e., no CTM visual twitch or endotra-
cheal glottic waveform) [ 5 ]. Cricothyroid twitch and EMG signal are reference 
for dissection and presence of the nerve in proximity. Thus, if stimulation of the 
STA that is to be divided is negative for EBSLN, this is true negative for absence 
of neural tissue in the pedicle. This maneuver excludes the EBSLN presence in 
the divided tissue by IONM. Again, this technique is useful as nearly 20 % of 
EBSLN cannot be visualized due to subfascial course or intraoperative bleeding. 
As a consequence, the STA is ligated.    

  According to the International Neural Monitoring Study Group (INMSG), this 
sequence of neural monitoring data implements the preservation rate of the 
EBSLN. It has been shown that IONM can improve the identifi cation rate of the 
EBSLN [ 2 ,  4 ,  10 ,  15 ,  20 ,  28 ,  30 ,  35 ]. Through those stimulation maneuvers, the 
EBSLN presence is effectively excluded and the surgical dissection is carried out 
more safely [ 5 ]. Notably, in a previous experience we showed in a randomized pro-
spective study that the EBSLN identifi cation rate in the IONM group was 84 % 
compared to 42 % in the non-IONM arm [ 15 ]. 

 Lifante et al. also found, a greater rate of EBSLN detection during thyroidecto-
mies under regional anesthesia, 65 % with neuromonitoring versus 33 % 
without [ 35 ]. 

 Moreover, Barczynski et al., in a randomized controlled prospective trial of visu-
alization versus neuromonitoring of the EBSLN, showed that the rate of EBSLN 
identifi cation was improved via IONM (34 % without IONM versus 84 % with 
IONM). What is more, IONM reduced the prevalence of transient but not permanent 
EBSLN injury in a monitored versus non-monitored group [ 4 ]. 

 Aina et al. used a nerve stimulator for identifi cation of the EBSLN in more than 
200 nerves at risk: the identifi cation rate of the EBSLN was more than 95 % in pri-
mary thyroid surgery but in redo surgery was 65 % [ 2 ]. 

 Selvan et al. showed a 100 % of EBSLN detection rate via nerve stimula-
tion and EMG of the cricothyroid muscle, and, of note, many false positives 
were detected when visual identification alone was used prior to electrical 
stimulation [ 53 ]. 

 Visual identifi cation of the EBSLN without EMG confi rmation may be mislead-
ing [ 5 ]. Nerve stimulation technique has the advantage of detecting all nerve types 
(including Cernea type 1 and types 2A and 2B which are most prone to surgical 
manipulation injury) [ 4 ]. 

 INMSG recommend IONM use (with the stimulation current set at 1 mA) to 
assess EBSLN entrapment during each step of the superior pole dissection placing 
the stimulator probe between the tissue and the cricothyroid muscle. Visual neural 
identifi cation can be confi rmed via the application of probe directly on the nerve at 
the entry point into cricothyroid muscular fi bers, i.e.,  S1  [ 4 ]. 

 To facilitate EBSLN detection, tissues should be stimulated parallel and under-
neath the laryngeal head of the sternothyroid muscle, which is a reliable landmark 
for EBSLN identifi cation in its distal course before termination of the cricothyroid 
muscle [ 44 ]. 
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 Via neural monitoring for the EBSLN even when the EBSLN is not identifi ed  de 
visu  (i.e., deep course into the inferior pharyngeal constrictor muscle fascia), if the 
nerve is mapped out (the current amplitude is increased from 1 to 2 mA), the EBSLN 
can be defi nitively identifi ed [ 5 ,  45 ] (Table  17.4 ).

   The laryngeal head of the sternothyroid muscle is an excellent landmark (the 
laryngeal head of the sternothyroid muscle, which inserts onto the thyroid carti-
lage lamina) for the EBSLN detection. A positive identifi cation of the nerve 
should be confi rmed by the CTM twitch (visualized as a triangular muscle profi le 
on the anterolateral aspect of the cricoid cartilage), which in some cases can be 
also coupled with an auditory signal and an EMG response on the monitor. 
Moreover, after the superior thyroid pole dissection, the functional integrity of 
the nerve may be documented through electrical stimulation and a positive crico-
thyroid twitch response, i.e.,  S2 . This technique is recommended for open thy-
roidectomy and also for MIVAT [ 5 ,  15 ]. Therefore, 100 % of EBSLNs can be 
identifi ed using this technique (even those not  de visu  assessable). After the 
superior pole surgical approach, stimulation of the EBSLN superior and cranial 
to the region of superior pole vessel dissection can assess the ongoing EBSLN 
postoperative function [ 5 ].   

   Table 17.4    Proposed algorithm for safe dissection of superior upper thyroid pole        

  S1 is reference for EBSLN and STA dissection  

S1 reference for
EBSLN monitoring
& STV dissection

CTM twitch

EBSLN 
proximity

Absence
CTM twitch

detach EBSLN
from STV

True negative

STV legation

“blind” technique
2–3mA

“under vision” technique
1mA
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17.7     Technique B 

17.7.1     IONM of the EBSLN: Stimulation–Glottic EMG Signal [ 5 ] 

 In contrast to RLN, EBSLN monitoring is based on the assessment of cricothyroid 
twitch (present in all patients, 100 %) and electromyographic response which is pres-
ent in 74–83 % of patients. The reason why EBSLN results in glottis identifi able 
waveform in only 80 % is unclear. The EMG response (74–83 %) variability may be 
due to several issues as (1) anatomy, i.e., the presence or absence of the human com-
municating nerve; (2) cooperation with anesthesiologist, i.e., correct EMG tube posi-
tioning; and (3) technology- and equipment-related limitations, i.e., the lack of 
capability nowadays to obtain larger areas of evoked muscle potentials (the need of 
newer electrode tube arrays). What is more, this EMG heterogeneity in EBSLN stim-
ulation may also be linked to the fact that the EBSLN innervates primarily the ante-
rior one-third of the cord, and its measurement may be very sensitive to endotracheal 
tube positioning. A lot of scientifi c and technological research is in progress to 
develop cutting-edge monitoring systems capable to record EMG in all cases during 
EBSLN EMG assessment [ 5 ]. Darr et al. [ 13 ] showed that IONM, with the use of the 
novel endotracheal tube (TriVantage EMG tube, Medtronic), can be safely used for 
EBSLN identifi cation during thyroid surgery in 100 % of patients and the EBSLN 
EMG activity was assessed in 100 % of cases. Moreover, the standard monopolar 
stimulator and the novel bipolar stimulator probe produced comparable EMG data.  

17.7.2     Normative Data of the EBSLN Monitoring 

 The generated waveform is of small amplitude and short latency and therefore may 
not be noted by monitoring software as a signifi cant and recognizable event [ 5 ] 
(Fig.  17.6 ). Barczynski et al. recently showed, after a 1 mA stimulation of the 
EBSLN, that the mean amplitude of evoked potential detected by surface electro-
myography electrodes on the endotracheal tube was present in almost 75 % of the 
sample. Notably, the mean amplitude of evoked potential after RLN stimulation was 
superior to EBSLN stimulation [ 4 ]. Similar fi ndings were recently showed by 
Randolph et al. in patient undergoing thyroid surgery. An EMG waveform follow-
ing EBSLN stimulation was obtained in almost 80 % of the sample. The mean 
amplitude of the EBSLN amplitude was approximately one-third of the RLN, mean 
250 mcV [ 43 ]. Since there is great heterogeneity in amplitude values (and infl uence 
of tube position on those values), it is crucial to determine what is the normal range 
of EBSLN monitoring [ 5 ]. Sritharan N. et al. recently published [ 54 ] an interesting 
paper with the aim to defi ne the normative latency and amplitude of the RLN, vagus 
nerve, and EBSLN applying them to postsurgical neural function documentation. 
Those nerves showed individual different and unique electrophysiological charac-
teristics that can be recorded as electrophysiological documentation of the existence 
of postresection neural function (Fig.  17.6 ).    
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    Conclusion 
 A damage of the EBSLN is associated with cricothyroid muscle motility impair-
ment, altering the high tone production ability, the voice, and frequency. This 
nerve is surgically relevant because of its proximity to the superior thyroid ves-
sels [ 5 ,  37 ]. Notably, this nerve lies in close proximity to the superior pole vas-
cular pedicle; for these reasons, these vessels must be carefully managed in order 
to avoid nerve injury [ 5 ,  37 ]. De facto, in just 15 % of the cases, the superior 
laryngeal nerve is located far from the superior pole vessels so that it is protected 
from surgical manipulation. EBSLN injuries can be avoided via a meticulous 
anatomic localization during the surgical dissection [ 10 ,  11 ,  58 ]. Actually, very 
often surgeons do not even attempt to identify this nerve before ligation of the 
upper pole vessels of the thyroid [ 37 ]. 

 For the aforementioned reasons, there is an increasing trend to develop new 
technologies for EBSLN detection. Magnifying glasses are also available to 
identify and preserve the laryngeal nerves, hence keeping the morbidity at low 
levels [ 26 ]. Moreover, Berti et al. [ 7 ] reported a 65 % EBSLN detection rate in 
video-assisted thyroidectomy using an optical magnifi cation visualization guid-
ance via an endoscope. IONM has been proposed as an adjunct to the standard 
intraoperative  de visu  detection of the laryngeal nerves. IONM allows a reliable 
identifi cation and neuromonitoring of the superior laryngeal nerves during neck 
surgery [ 15 ,  27 ,  28 ,  30 ,  53 ]. We showed that the EBSLN was more often detected 
in the IONM arm than in a control group without IONM (83.6 % vs. 42 %) [ 15 ]. 

 There is currently the need for a standardized technique of EBSLN monitor-
ing and anatomic detection. In particular, the standardization of IONM technique 
is relevant for many reasons: for technological safety, to obtain better surgical 
outcomes, to keep the obtained standards, for educational purposes, and for 
interoperability, repeatability, and ratifi cation [ 16 ]. In order to monitor the 
EBSLN, the intact neural function of the entire EBSLN must be ensured via a 
stimulation of the most superior and caudal neural region exposed. On the con-
trary, indirect EBSLN stimulation via vagal nerve stimulation can be diffi cult to 
perform in routine surgical settings, since it requires more extensive surgical 

  Fig. 17.6    Positive 
identifi cation of the EBSLN 
with cricothyroid muscle 
twitch and EMG signal. An 
EMG waveform following 
EBSLN stimulation is 
obtained in almost 80 % of 
cases. The mean amplitude of 
the EBSLN amplitude is 
approximately one-third of 
the RLN, mean 250 mcV       
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dissection; however it may be applicable when lateral compartment lymph node 
clearance is necessary [ 37 ]. The intact EBSLN function must be evaluated after 
thyroidectomy and hemostasis, i.e.,  S2  stimulation. The SLN is the fi rst branch 
of the vagal nerve after skull base exit; thus continuous monitoring ( C -IONM) 
probe electrode cannot monitor EBSLN but  C -IONM may provide simultaneous 
and permanent monitoring of RLN during upper pole dissection. 

 Recently Masuoka et al. [ 39 ] presented an interesting prospective randomized 
trial enrolling patient who underwent thyroid surgery for carcinoma. The visual 
and electro-stimulatory identifi cation rate of the EBSLN was the primary end 
point. The changes in the postoperative voice performance were the secondary 
end point. In particular, 124 patients (203 nerves at risk) were enrolled in the 
IONM arm (even if the monitoring was not performed via an endotracheal tube 
with surface electrodes) and 128 patients (202 nerves at risk) in the conventional 
technique group using a simple nerve stimulator (Vari-Stim 3) to assess the CTM 
twitch. The authors concluded that IONM allowed an improved visualization 
rate (48.8 % vs. 17.8 %) and improved electro-stimulatory detection rate (5 times 
superior, i.e., 89.2 % vs. 17.8 %) in comparison with the conventional surgical 
technique. What is more, in the IONM arm, there was a reduction of patient 
complaining subjective voice impairment [ 39 ]. 

 In conclusion, for all the aforementioned elements, IONM can provide mul-
tiple potential advantages in the EBSLN surgical management: clinically there is 
a better neural detection and monitoring, and it can provide additional advan-
tages for legal, research, and educational aims [ 37 ]. 

 Notably, stroboscopy is a mandatory step to evaluate if IONM reduces the 
EBSLN damage rate [ 15 ,  35 ,  53 ]. De facto, the neural functional impairment of 
the EBSLN during thyroidectomy is usually a rare event; for this reason, it is not 
easy to obtain an adequate statistical power. However, to perform well-powered 
studies is a mandatory step to get statistically supported data and to assess the 
role of new technologies/techniques in terms of detecting differences among the 
heterogeneous surgical approaches [ 17 ]. 

 In order to better defi ne and standardize the normative neural electrophysio-
logical values of EBSLN, at this stage there is currently the urgent need for more 
in-depth studies investigating the electrophysiological and pathological aspects 
of the EBSLN. Once those aspects will be better clarifi ed, a more standardized 
approach will be possible. 

 Hence, prospective randomized trials are needed for a better understanding of 
the role of IONM in the EBSLN surgery and for the standardization of the 
EBSLN IONM technique [ 17 ,  37 ].     
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      Recurrent Laryngeal Nerve Monitoring       
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         Thyroid surgery is unique in head and neck surgery in that both right and left cranial 
nerves are subject to risk in one surgical procedure. It is a well-known fact that uni-
lateral vocal cord palsy can lead to voice changes suffi cient enough to alter vocation 
especially in professional voice users, and may be accompanied by dysphagia and 
aspiration, whereas bilateral vocal cord paralysis may necessitate a tracheostomy 
[ 1 ]. Current reported rates for temporary vocal cord paralysis range anywhere 
between 1.4 and 38.4 % (average 9.8 %), whereas it ranges between 0 and 18.6 % 
(average 2.3 %) for permanent vocal cord paralysis [ 2 ]. Thus importance of ensur-
ing functional integrity of the recurrent laryngeal nerve anatomy (RLN) during thy-
roid surgery cannot be overstated. 

 The current gold standard for prevention of injury to the RLN is visual identifi ca-
tion of the nerve during surgery. Intraoperative nerve monitoring (IONM) is a useful 
supplement to this practice. The basic guiding principle of IONM is that a nerve that 
appears structurally intact and is surgically well preserved may not necessarily be 
functional. It may not be possible to visually identify thermal or stretch injuries to a 
nerve. This chapter reviews the principles, and application of monitoring techniques 
for RLN, utility of IONM as well as new advancements in the technique. 
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 IONM has gained widespread acceptance as an essential adjunct to visual identi-
fi cation and is being used extensively. Interestingly, the use of IONM is more popular 
in centers enjoying a higher volume (>100 cases/year) of cases [ 3 ]. As experience 
with IONM is growing, its role in reducing vocal cord paralysis rates is slowly 
becoming apparent. Uniform use of standard techniques [ 4 ,  5 ] and protocols has led 
to a better understanding of the role of IONM during surgery. Organizations such as 
the American Academy of Otolaryngology and Head and Neck Surgery (AAOHNS), 
the American Thyroid Association (ATA), the American Association of Endocrine 
Surgery (AAES), the American Head and Neck Society (AHNS), the British 
Association of Endocrine and Thyroid surgeons, and the German Association of 
Endocrine Surgery have also endorsed the utility of IONM [ 6 – 10 ]. 

18.1     Applications of IONM 

 Although the utility of IONM in reducing incidence of vocal cord paralysis has been 
debated extensively in the literature, there is a defi nite trend towards reduction in the 
rate of vocal cord paralysis with use of IONM. The average rate of nerve paralysis 
with IONM was found to be 4.7 % and without the use of IONM was 5.7 % [ 3 ,  11 – 26 ]. 
Many individual studies have also established that IONM decreases temporary and 
permanent vocal cord paralysis rates in thyroid surgeries, especially in cases of 
retrosternal goiters, revision surgeries, and surgeries for thyroid cancer [ 27 ,  28 ]. 
Dralle et al. have showed that complications such as rate of vocal cord palsy are 
signifi cantly less when IONM is used by low volume surgeons [ 3 ,  29 ]. Along with 
thyroid and parathyroid surgery, IONM is also useful for neck surgeries such as 
surgery for airway stenosis, carotid endarterectomy, anterior approaches to the cer-
vical spine, and certain skull base procedures. Although the greatest advantage with 
nerve monitoring is in diffi cult thyroid operations, routine application has shown to 
steepen learning curves through greater experience in interpretation of the signal 
and troubleshooting system malfunction [ 4 ]. 

 Routine use of IONM during surgery tends to benefi t the surgeon in the follow-
ing areas:

    1.      Neural mapping : Studies have reported nerve identifi cation rates between 98 
and 100 % with the use of IONM [ 4 ]. Linear stimulation along the paratracheal 
region can help map out the entire course of the nerve, this neural map can guide 
further dissection and visualization of the nerve. IONM is particularly useful 
during revision surgeries where it might be diffi cult to identify nerve in scar tis-
sue and also in cases with distorted anatomy such as large goiters and invasive 
malignancies.   

   2.      Understanding pathologic states of RLN : Electrophysiologic stimulation of a 
nerve invaded by malignancy may reveal signifi cant residual electromyograhy 
(EMG) activity. This is possible even in the setting of a preoperative vocal cord 
paralysis. In a recently conducted study [ 30 ] by our unit, we found that out of 
the 12 patients with preoperative vocal cord paralysis due to invasive disease, 
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about a third still showed  signifi cant EMG activity. Resection of such a nerve 
during surgery may lead to additional dysphagia and aspiration. Surgical man-
agement of invaded nerve can be impacted by intraoperative EMG activity. Thus 
IONM can provide valuable insights in the functioning of invaded nerves which 
is otherwise not available with simple visual identifi cation.   

   3.      Detection of intraoperative nerve injury and prognostication of nerve function:  
Use of IONM during surgery allows the surgeon to predict the functional status 
of RLN with reasonable accuracy. This is the most important feature of IONM 
as it assists the surgeon in avoiding bilateral vocal cord paralysis in almost all 
the cases. There is evidence to suggest that visual identifi cation alone is vastly 
insuffi cient to prognosticate postoperative RLN function. A study reviewing 
more than 3600 cases from the Scandinavian endocrine quality register reported 
that the surgeon was only able to predict injuries in 11.3 % of the nerves injured 
and that in fact only 16 % (1 out of 6) bilateral injuries were identifi ed intraop-
eratively [ 31 ]. Similar results have been reported by Snyder et al. [ 15 ] Thus 
approximately 90 % of the injuries are not visually identifi able. In comparison, 
use of IONM is a highly precise neural function test and has negative predictive 
value of over 95 % [ 19 ,  20 ,  23 ,  33 ,  32 ]. Though the positive predictive value of 
IONM is lower and can be quite variable, this is related to how presumptive loss 
of signal is evaluated with respect to equipment troubleshooting. Universal and 
accurate defi nition of loss of signal and a better knowledge of normative neural 
monitoring parameters can greatly augment prognostic function of IONM [ 4 , 
 34 ,  35 ]. The idea of postponing the surgery on opposite side in the setting of 
neural related loss of signal represents the greatest extension of neural prognos-
tication ability of IONM. Evaluation after a loss of signal is further explored in 
the following section. Another reported indicator for nerve injury during IONM 
is frequent passive EMG activity. This might indicate a nerve under stress sec-
ondary to mechanical stretch or cautery injury and should prompt urgent evalu-
ation of surgical maneuver [ 36 – 38 ]. However, in our experience this activity is 
a poor indicator of nerve injury and is also encountered when the patient is in a 
lighter plane of anesthesia.      

18.2     Intraoperative Nerve Monitoring Standards 

18.2.1     Introduction 

 Use of different electrodes, techniques, and output methods lead to incomparable 
results. Standardization of a technique ensures optimum utilization and comparable 
outcomes. The International Nerve Monitoring Study Group (INMSG) is a multi-
disciplinary international group of researchers with expertise in the fi eld of neural 
monitoring as it pertains to thyroid and parathyroid surgery [ 4 ,  5 ]. These include 
surgeons, laryngologists, voice and laryngeal EMG specialists, and anesthesiolo-
gists. This group has suggested certain standards for IONM with a primary objec-
tive of improving quality of nerve monitoring and achieving comparable outcomes. 
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Technique of IONM, setup of the equipment, interpretation of loss of signal (LOS), 
and troubleshooting during IONM are the major areas addressed by these 
standards.  

18.2.2     Technique: IONM 

 The INMSG recommends certain basic overarching elements, which form an inte-
gral part of any IONM technique. These elements are immensely helpful not only 
for verifying the functionality of the system and for neural mapping but also for 
providing accurate prognostic information for postoperative glottic function. These 
include the following:

    1.     Preoperative and postoperative laryngoscopy (L1 and L2)   
   2.     Predissection and postdissection suprathreshold vagal stimulation (V1 and V2)   
   3.     Predissection and postdissection suprathreshold RLN stimulation (R1 and R2)     

 Predissection suprathreshold vagal stimulation allows for verifi cation of system 
functionality and improves upon the negative predictive value of IONM for RLN 
mapping, whereas postdissection suprathreshold vagal stimulation is the most accu-
rate prognostic test available for postoperative glottic function and has been shown 
to have higher sensitivity, slightly higher specifi city, higher positive predictive 
value, and slightly higher negative predictive value than for RLN stimulation in the 
prediction of vocal cord paralysis [ 4 ,  23 ]. This can be explained by the fact that 
stimulation distal to the site of injury on the RLN might demonstrate a false positive 
response while a postsurgical stimulation of the vagus nerve will alert the surgeon 
to the injury. The above mentioned elements can be noted in the form of L1, V1, R1 
and R2, V2, L2.  

18.2.3     The Equipment Setup 

 A basic setup of the neural monitoring equipment is shown in Fig.  18.1 .  
 Various nerve monitoring formats are available for IONM. These include glottic 

observation [ 39 – 41 ], laryngeal palpation [ 21 ,  25 ,  42 ,  43 ], endotracheal tube–based 
surface electrodes [ 26 ,  44 – 50 ], postcricoid surface electrodes [ 51 ,  52 ], and many 
more. These can be audio only or ones that provide both audio and visual waveform 
information. The major drawback with audio only systems is that the information 
such as wave-form amplitude, latency, and morphology which may provide insights 
into the pathologic state of the nerve is unavailable. As our understanding of RLN 
electrophysiology improves this information may prove to be useful in surgical 
decision making. Also, at times, it might be diffi cult to differentiate between the 
signal and the artifact with audio-only systems. Currently, the most preferred neural 
monitoring equipment is an endotracheal tube–based system that includes a visual 
graphic documentation of the EMG waveform elicited from thyroarytenoid muscle 
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[ 53 ]. Prefabricated endotracheal tubes with paired stainless steel electrodes exposed 
at the level of the glottis or standard tubes with thin electrodes placed over the tube 
with adhesive pads can be used. Another option is to use needle electrodes instead 
of surface electrodes but these carry additional risk of injury to the cords, laceration 
or hematoma, and are less preferred. 

 Introduction of any technique comes with its own learning curve. Studies have 
suggested that optimum functioning of the IONM can be achieved after perfor-
mance of 50–100 monitoring cases [ 4 ,  54 ]. Dionigi et al. [ 54 ] have reported that 
setup related problems can occur in up to 10 % of patients. The most common prob-
lem being that related to tube positioning and occurred in 53 % of the patients. 
Chiang et al. have shown that routine application of IONM can reduce setup related 
problems from 4.4 to 0 % [ 55 ]. Thus, adherence to a standard setup and tube place-
ment algorithm reduces the occurrence of intraoperative problems. Ground elec-
trodes are adhered to the shoulder or the sternum area. Poor grounding can cause a 
noisy baseline, making it diffi cult to interpret the EMG data. It is also important to 
keep the electrocautery unit more than 10 ft away from the neural monitoring unit 
to avoid electrical interference. Choice of the stimulating electrode depends upon its 
intended use. Monopolar electrodes are generally preferred for initial neural map-
ping, whereas bipolar electrodes may be more sensitive in stimulating a focal point 
on the nerve once it is identifi ed. The major drawback with bipolar electrodes being 
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that incorrect orientation of the anode (positive) and cathode (negative) relative to 
the nerve may give a false negative signal [ 56 ]. After the equipment is setup, care is 
taken to ensure that the recording side and the stimulation side circuitry is func-
tional (Fig.  18.1 ).  

18.2.4     Anesthesia 

 An important member of the team performing IONM is the anesthesiologist. A 
detailed discussion on special needs of anesthesia during nerve monitoring is 
imperative prior to surgery. It is important that long acting muscle relaxants are 
avoided during surgery to enhance the accuracy of the nerve monitoring system. 
Short acting muscle relaxants such as succinyl choline can be used for induction 
with the aim of recovering normal muscle twitch activity within minutes of intuba-
tion. A good way of ensuring optimum contact between the electrodes and the 
vocal cord is to select an endotracheal tube with the largest admissible size. Use of 
a drying agent and oral suctioning of any secretions are also helpful in this regard. 
Tube displacement of up to 6 cm has been documented during positioning of the 
patient [ 57 ]. It is thus prudent to check tube placement after fi nal positioning. The 
gold standard for tube placement is visual confi rmation [ 4 ]. Another reliable way 
of confi rming tube positioning is identifi cation of “respiratory variations.” These 
are waveforms with amplitude between 30 and 70 μV which are observed in the 
small window of time when the effect of initial muscle relaxant wears off and the 
patient is in a lighter plane of anesthesia. They appear as coarsening of the baseline 
EMG activity and can be seen reliably in more than 90 % of the patients. In a 
recently concluded study, our unit found that presence of respiratory variations 
independently predicted a good evoked response intraoperatively and obviated the 
need of a repeat laryngoscopy in most patients [ 58 ]. Impedance checks for a higher 
overall impedance (more than 5 Ω) or an imbalance between the two sides (more 
than 1 Ω) is another good tactic for checking the robustness of the IONM circuitry. 
During the initial setup, the monitor is set at an event threshold of 100 μV and the 
stimulator probe at 2 mA for initial neural mapping. This can be reduced to 1 mA 
after the nerve is identifi ed for a more focal stimulation and end of surgery prog-
nostication. These levels have been reported to be extremely safe and no unfavor-
able effects have been reported [ 59 ]. In the surgical fi eld, the stimulator probe is 
tested on the strap muscle fi rst to look for a local muscle twitch and to confi rm that 
the current is being reported back on the monitor. Prior to labeling any tissue as 
being truly negative (not the RLN), a predissection supra threshold vagal stimula-
tion (V1) should be performed to obtain a true positive signal verifying the integ-
rity of the IONM circuitry. The suprathreshold vagal stimulation utilizes 2 mA 
current and is usually performed effectively without direct vagal dissection by 
placing the stimulator probe between the jugular vein and carotid artery. The sur-
geon should also feel for a “laryngeal twitch” response from the laryngeal muscles 
by rolling the fi ngers on the side of the larynx. This response always accompanies 
a true positive signal. 
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 The human RLN and vagus nerve typically have biphasic or a triphasic wave-
form. Parameters such as amplitude and latency in the waveform can provide 
useful prognostic information regarding glottis function at the end of surgery. 
Amplitude is defi ned as the vertical height of the apex of the positive initial wave-
form defl ection to the lowest point in the net subsequent opposite polarity phase 
of the waveform  ( Fig.  18.2 ). Interestingly, a study performed by Caragacianu 
et al. [ 59 ], reports that the strength of the stimulation current (1 mA vs. 2 mA) had 
no signifi cant impact on the amplitude recorded. It also notes that a fi nal ampli-
tude of >250 μV recorded during postdissection vagal stimulation at 1 mA accu-
rately predicts postoperative glottic function. However, currently there is a lack of 
consensus over the defi nition for latency. The INMSG defi nes latency as the time 
from the stimulation spike to the fi rst evoked waveform peak [ 4 ]. Latencies 
recorded during intraoperative monitoring are distinctive and can differentiate 
artifacts from neural stimulated structures and also can be used to distinguish 
superior laryngeal nerve, vagus nerve, and RLN and also distinguish left from 
right vagus nerve easily.   

18.2.5     Loss of Signal and Its Interpretation (Fig.  18.3 ) 

    Absence of EMG activity or loss of signal (LOS) during surgery should prompt a 
quick review of the IONM setup. The fi rst response of the surgeon should be to feel 
for the laryngeal twitch response. If the response is present then the problem is 
likely to be on the recording side of the system while if the twitch response is absent 
then it is considered a stimulation side problem. Adherence to the accompanying 
algorithm (Fig.  18.3 ) can guide the surgeon to adopt a systematic approach towards 
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managing such a scenario. A true loss of signal is currently defi ned only when the  
following conditions are met:

    1.     Presence of a satisfactory EMG (Amplitude >100 μV) prior to the event   
   2.     No or low response (i.e., 100 μV or lower) with stimulation at 1–2 mA in a dry 

fi eld   
   3.     Absence of laryngeal twitch and/or glottis twitch on ipsilateral vagal 

stimulation    

  A true LOS strongly suggests a neural injury. Identifi cation of the point of injury 
can allow the surgeon to guide further management of the injured nerve. Once the 
signal is lost, the surgeon can locate the point of injury by stimulating the RLN at 
the laryngeal entry point [ 60 ] and then proceeding proximally to identify the injured 
segment. If identifi ed, segmental injuries are labeled as a Type 1 Injury. Sometimes, 
the whole course of the RLN and the vagus nerve is nonconductive, this is labeled 
as a global nerve injury and is defi ned as a Type II injury. Detection of LOS in a 
visually intact nerve is the most signifi cant advantage of IONM, which can guide 
the surgeon in reconsidering surgery on the contralateral side and can prevent a 
potential bilateral cord paralysis [ 56 ].  
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18.2.6     Prognostic Testing Errors 

 Postdissection suprathreshold RLN and vagus stimulation is a reliable indicator of 
postoperative glottis function. As mentioned earlier, numerous studies have shown 
a high negative predictive value (>95 %) for the same. However, the following 
errors might occur while using IONM.

    1.     False positive errors:  (Errors where there is an LOS intraoperatively but the nerve 
is functional postoperatively). These can occur in the following conditions
    (i)    Stimulation of the nerve in a wet bloody fi eld may yield a false positive 

LOS   
   (ii)    Equipment errors on the recording side (tube displacement, improper 

grounding of electrodes)   
   (iii)    Prolonged neuromuscular blockade   
   (iv)    Early neuronal recovery especially if the postoperative laryngoscopy is 

delayed by a few days    
      2.     False negative errors:  (Errors where there is a positive signal present at the end 

of the surgery stimulation of RLN but absence of nerve function postopera-
tively). Although uncommon, especially if IONM is performed in a systematic 
manner, these errors can occur due to:
    (i)    Stimulation of the nerve distal to the site of injury. This error can be avoided 

by postdissection vagal stimulation.   
   (ii)    Endotracheal tube related injury such as laryngeal edema and dislocation of 

the arytenoid cartilage.   
   (iii)    Injury to the nerve after the fi nal stimulation – during wound closure.   
   (iv)    In situations where there is an extralaryngeal branching of the RLN, a pos-

terior branch injury may not be detected by IONM if postcricoid electrodes 
are not used. This may present as an abduction defect on laryngoscopy.    

18.3            Promising Advances in IONM 

18.3.1     Continuous Vagal Monitoring and Neural Injury 
Prevention 

 While IONM in its present format, is tremendously useful in assisting a surgeon, its 
greatest shortcoming is that it can only intermittently evaluate the functional integ-
rity of the RLN, thus allowing the nerve to be at risk for injuries in-between stimula-
tions [ 3 ,  31 ]. This could underlie the notion that, IONM, in its current format may 
have limited ability to prevent neural injury [ 31 ,  61 ,  62 ]. Continuous IONM 
(CIONM) with vagal nerve electrode provides a real-time EMG data by monitoring 
the entire vagus and RLN functional integrity uninterruptedly throughout the sur-
gery. This real-time electrophysiological information from RLN obtained by 
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CIONM is extremely vital as it alerts the surgeon prior to the occurrence of irrevers-
ible neural damage and thereby evading a possible permanent injury to the 
RLN. CIONM is not associated with signifi cant neural, cardiac, pulmonary, or gas-
trointestinal vagal side effects [ 63 ,  64 ]. 

 CIONM, through adverse EMG changes, can alert a surgeon regarding an impend-
ing neural injury and allow the surgeons to prompt a corrective action to preserve nerve 
function by aborting maneuvers that lead to adverse EMG changes and thereby possi-
bly preventing permanent vocal cord paralysis [ 65 ]. However, it is essential that, a 
surgeon is able to differentiate between true adverse events and artifacts as well as can 
isolate meaningful adverse events. Our group has identifi ed mild (mCE) and severe 
combined events (sCE) by combining reduction in amplitude with increase in latency 
(Table  18.1 ). In our study, notably, mCE and isolated amplitude or latency changes 
were not associated with vocal cord paralysis, while a sCE denoted a typically revers-
ible electrophysiologic event if the related surgical maneuver was aborted, otherwise 
sCE could lead to LOS (which typically is much less reversible) and to possible post-
operative vocal cord paralysis. Thus, modifi cation of surgical maneuver associated 
with sCE can prevent subsequent neural injury leading to postoperative vocal cord 
paralysis. However, surgeons should keep in mind that any IONM format is more use-
ful for preventing impeding neural damage secondary to a stretch or compression 
injury than the neural damage due to an inadvertent neural transection injury [ 65 ].

18.3.2        Superior Laryngeal Nerve (SLN) Monitoring 

 RLN paralysis and hypoparathyroidism are the most common complications dis-
cussed when a thyroidectomy is planned but injury to external branch of SLN 
(EBSLN) can occur in up to 58 % of patients undergoing thyroid surgery [ 66 ]. 
EBSLN is at risk of injury during superior pole dissection and ligation of superior 
thyroid vessels. Injury to external branch of the SLN (EBSLN) results in cricothyroid 
muscle dysfunction and affects vocal projection and the ability to produce higher 
registers of the voice. While subtle, these voice changes can signifi cantly impact 
professional voice users. The injury to EBSLN is diffi cult to identify intraoperatively 
as well as by postoperative laryngeal exam. Intraoperative visual identifi cation of 
EBSLN is limited as 20 % of EBSLNs run a subfasical course [ 67 ]. IONM is now 
widely accepted as an adjunct to visual identifi cation of the RLN, and can be simi-
larly extended to EBSLN identifi cation. Application of IONM should allow stimula-
tion and identifi cation of all EBSLNs including those visually unidentifi able 

   Table 18.1    Mild and severe combined events   

 Mild combined event (mCE):  Amplitude decrease of >50–70 % with a concordant latency 
increase of 5–10 % 

 Severe combined event (sCE):  Amplitude decrease of >70 % with a concordant latency 
increase of >10 % 
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subfascial EBSLNs mentioned earlier. Recently published guidelines on EBSLN 
monitoring emphasize that SLN monitoring is associated with higher rate of nerve 
identifi cation as compared to visual identifi cation alone [ 5 ]. The SLN monitoring 
utilizes the laryngeal head of the sternothyroid muscle as a useful landmark for iden-
tifi cation of the EBSLN. The tissue parallel and underneath the laryngeal head of the 
sternothyroid muscle is stimulated to delineate distal course of EBSLN before it 
enters the cricothyroid muscle. A twitch in the cricothyroid muscle seen upon this 
stimulation is presently the most accurate way of EBSLN localization. For detailed 
review of technique and utility of EBSLN monitoring, the reader is requested to refer 
to the guidelines published by the INMSG [ 5 ]. It has been recently demonstrated that 
a specially designed electrode array incorporated on an endotracheal tube can facili-
tate quantifi able EMG response from the EBSLN in all patients [ 68 ].  

18.3.3     Neural Monitoring and Staged Thyroidectomy in Thyroid 
Cancer Surgery: An Emerging Concept 

 The Concept of staging oncology surgeries has a longstanding history. Staged sur-
gery was recommended by Dunhill, for severe toxic goiter in 1912 and by Lahey for 
severe hyperthyroidism in 1936 [ 69 ,  70 ]. Frazzell, in 1961, proposed a planned 
staging of surgeries where sacrifi ce of bilateral internal jugular veins was antici-
pated [ 71 ]. Extensive neck surgeries typically carry a higher risk of complications, 
and bilateral RLN paralysis being one of the most dreadful of all. Extensive neck 
surgeries are often necessary to address frequently encountered bilateral nodal 
metastases in thyroid cancers. By staging these surgeries, a surgeon may offset 
some of the associated complications, especially the temporary ones. RLN neuro-
praxia as well as parathyroid glands may recover functionally in the intervening 
period between the two stages of the surgeries. 

 While the aforementioned staged surgeries are typically planned preoperatively, 
often a surgeon intraoperatively faces a dilemma of proceeding to bilateral surgery or 
of staging the opposite side surgery. Usefulness of LOS as an intraoperative decision- 
making tool in such circumstances is slowly becoming evident. Dralle et al. found 
that 94 % of surgeons in Germany would stage a total thyroidectomy upon encoun-
tering a LOS during the surgery [ 72 ]. Goretski et al. have reported that when LOS 
was integrated in surgical decision making in bilateral surgeries, incidence of bilat-
eral vocal cord paralysis reduced to zero from 17 % [ 73 ]. A surgeon should be aware 
that a detailed preoperative consent process is essential if staging of surgery is being 
envisioned as a possibility [ 74 ]. Our unit routinely performs staged surgery when 
patients present with extensive thyroid cancer with bilateral nodal disease. Our 
unpublished data from a series of patients undergoing planned staged surgery for 
advanced thyroid malignancy, reported zero percent permanent RLN paralysis and 
3.3 % permanent hypoparathyroidism rate. Postoperatively thyroglobulin was unde-
tectable in 90 % and averaged 0.8 ng/ml during a three-year follow-up.  
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18.3.4     Intraoperative Identification of Nonrecurrent 
Laryngeal Nerve  

 The nonrecurrent laryngeal nerve (NRLN) is an anatomical variant of RLN, pre-
senting more commonly on the right side (0.5–1 % of all RLNs) than on the left side 
(0.04 %) [ 75 ,  76 ]. NRLN has no functional bearing, except that it makes the nerve 
more vulnerable to injury, especially when a surgeon is oblivious of its presence. 
Thus, knowledge of presence of NRLN prior to dissection in related cervical region 
is important in averting intraoperative injury to NRLN. An electrophysiologic algo-
rithm of presence of positive EMG response to proximal stimulation of vagus at the 
superior border of thyroid cartilage and absence of EMG response to distal stimula-
tion of vagus below the inferior border of 4th tracheal ring reliably identifi ed all 
NRLNs in our series of NRLNs [ 30 ]. Brauckhoff et al. have also found similar util-
ity of this vagal stimulation technique for NRLN identifi cation [ 24 ]. The electro-
physiological parameters like amplitude, latency, and threshold of right NRLN are 
similar to that of right RLN. Although, some research studies [ 77 ] suggest that a 
latency of less than 3.5 ms is a strong pointer of NRLN, further studies are merited 
before its acknowledgment as a conclusive indication of NRLN. Since no steadfast 
technique for preoperative acknowledgment or exclusion of NRLN exists, at the 
present time, aforementioned electrophysiologic algorithm represents a reliable tool 
to alert a surgeon regarding presence of NRLN prior to the dissection in the related 
cervical region.      
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19.1             Introduction 

 Early surgical approaches for treatment of thyroid disorders were associated with 
high rates of mortality and morbidity due to hemorrhage, asphyxia, air embolism, 
and infection. It was not until the late 1800s after the advent of ether as anesthesia, 
antiseptic technique, and effective artery forceps allowed Theodor Kocher to perfect 
the technique for thyroidectomy. Kocher used the technique of precise ligation of 
the arterial blood supply to perform an unhurried, meticulous dissection of the thy-
roid gland, decreasing the morbidity and mortality associated with thyroid surgery 
to less than 1 % [ 1 ]. 

 Hemostasis in surgery still represents a major challenge. Control of bleeding is 
particularly important for thyroid surgery, due to the narrow operating fi eld, close-
ness of essential anatomic structures, and hypervascularization. In addition, intra-
operative and postoperative bleeding, besides possible signifi cant blood loss, are 
crucial factors determining the frequency of other surgical complications, as well 
as the prolongation of the length of surgery, thereby increasing the length of hos-
pital stay and expenses. Various devices have been introduced in clinical practice 
to achieve a safe and faster hemostasis: electrosurgical devices use heat energy to 
denature proteins and the heating of the surgical fi eld due to lateral dispersion 
may damage vital structures. In the recent years, research has been looking for 
new instruments with less thermal spread in the effort to reduce both operating 
time and complications. Many methods designed to maintain surgical hemostasis 
are  presently used: ligation and suturing (threads, clips, staplers), coagulation 
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(laser, ultrasound, electrocoagulation – monopolar and bipolar), ultrasonic coagu-
lation (Ultracision, Harmonic scalpel; Ethicon Endo-Surgery, Cincinnati, OH), 
electroligation sealing using LigaSure (LigaSure Vessel Sealing System; 
Valleylab, Boulder, CO, USA).  

19.2     Harmonic Scalpel 

 The development of ultrasonically activated coagulating shears in the early 1990s 
has provided an alternative to other methods of controlling blood vessels. 

 The role of harmonic scalpel in minimally invasive thyroid surgery is well 
defi ned and emphasized since its use allows an excellent hemostasis in small opera-
tive space. The HS coagulates and simultaneously cuts tissue using mechanical 
energy with ultrasonic frequency at 55.5 kHz. This avoids extreme temperatures 
that can hurt the surrounding important structures, producing less thermal damage 
and reducing the operative time. 

 This instrument was originally designed for laparoscopic surgery [ 2 ,  3 ] because 
of its remarkable advantages of simultaneous cutting and coagulation of medium- 
caliber vessels as well as the small amplitude of its waves, all of which make it a 
useful tool in surgical fi elds where proximity of vital structures does not permit the 
use of thermal devices. This early indication for cavity surgery was extended to 
other fi elds, such as video-assisted thyroidectomy (VAT) [ 4 ], parotidectomy [ 5 ,  6 ], 
and neck dissection [ 7 ]. 

 Total thyroidectomy represented the ideal model to assess the effectiveness of 
ultrasonic scalpels because of the size of the vessel, the proximity of superior and 
recurrent laryngeal nerves, and the necessity of preserving parathyroid glands, 
which are susceptible to damage if thermal devices are used [ 8 ]. 

 The harmonic scalpel setup consists of a generator, a hand piece, and a blade. 
The hand piece contains an ultrasonic transducer that consists of a stack of piezo-
electric crystals sandwiched between two metal cylinders under pressure. The trans-
ducer is attached to the blade through a mount. The 110-volt generator is a 
high-frequency switching power supply controlled by a microprocessor that pulses 
the transducer in the hand piece with alternated current. This current allows the 
transducer to vibrate at its natural harmonic frequency of 55.5 kHz. The blade used 
most frequently in thyroid surgery looks like a curved paddle with a sharp inner 
beveled side for cutting and a blunt outer radius for contemporary coagulating. The 
generator can be adjusted from a level of 1–5 to increase cutting speed and decrease 
coagulation by increasing the blade’s lateral excursion [ 9 ]. 

 The waves are transferred to the active blade of the instrument, vibrating harmo-
niously at the same frequency. In addition to the direct cutting action of the vibrat-
ing blade, ultrasound waves cause cavitation fragmentation of tissues and additional 
cutting effect [ 10 ]. The coagulation effect occurs due to tissue protein denaturation 
[ 11 ]. In contrast to electrical or laser coagulation, working with harmonic scalpel is 
associated with a considerably lower production of thermal energy (up to 80 °C), 
thus causing signifi cantly less damage to the adjacent tissue [ 12 ,  13 ]. 
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 Among the ultracision system devices, the CS14C (ultracision harmonic scalpel) is 
the instrument most frequently used during both open and minimally invasive thyroid-
ectomy (Fig.  19.1 ) [ 14 – 21 ], but some surgeons consider this tool to be large and cum-
bersome, especially for fi ne grasping and dissection capabilities. In this context, an 
innovative technical improvement of the device for thyroid surgery has recently been 
implemented and was made available in 2008: Harmonic FOCUS shears (Fig.  19.2 ). 
These very new, hand activated shears, keeping the same effective ultrasonic coagula-
tion mechanism, were completely renewed in their design, reproducing the familiar 
“Kelly clamp” in shape, with very thin and delicate tips. This new tool allows the 
surgeon to easily dissect and coagulate and cut vessels in narrow spaces [ 22 ].   

 Many published, comparative and observational, studies have variably reported 
some signifi cant advantages in terms of operative time [ 16 ,  23 – 25 ], complications 
rate [ 26 ,  27 ], and reductions in incision size [ 25 ,  27 – 29 ] with the use of HS (ultra-
cision or focus) respect to the conventional techniques, as clamp-and-tie in thyroid 
surgery [ 30 ]. 

  Fig. 19.1    Superior pole 
dissection using harmonic 
scalpel during mini-invasive 
video-assisted thyroidectomy. 
 EBSLN  external branch of 
superior laryngeal nerve       

  Fig. 19.2    Inferior pole 
dissection using Harmonic 
Focus® during mini-invasive 
thyroidectomy.  LIPG  left 
inferior parathyroid gland       
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 In our previous study, in 2008, besides confi rming that HS utilization during total 
thyroidectomy allows for a signifi cant reduction in operative time (about 30 %) 
when compared with the conventional CT technique, we extensively analyzed the 
infl uence of this element on costs; the authors assert that, since time spent in the 
operating room is expensive [ 31 ], this would counterbalance the cost of the HS hand 
piece and eventually result in a overall cost saving. The signifi cantly higher cost of 
disposable materials in the HS group was counterbalanced by signifi cant higher 
costs of drugs, personnel and operative room charges in the CT group related to the 
longer operative time, and operative room utilization time. Nonetheless, the shorter 
operative time implies the possibility to treat more patients in the same operative 
sessions. One could anticipate that with the utilization of the HS, surgeons could 
perform one conventional total thryoidectomy more every three or four procedures. 
This could mean at least one operation more for each operative session. Ultimately, 
this could result in a better utilization of health resources and, above all, in a poten-
tial signifi cant reduction of the waiting list, which, at least in our health system, has 
a crucial role. Another potential additional advantage of the use of HS and conse-
quent avoidance of manual tying could be the possible reduction of human resources 
in the operating room. In other words, surgeons could theoretically accomplish thy-
roidectomy without any assistant [ 30 ]. 

 In 2010, Miccoli et al. conducted a randomized controlled trial about the utilization 
of Harmonic FOCUS compared to standard CT technique in thyroid surgery. They 
found a signifi cant reduction of operative time in the FOCUS group (33.4 vs. 
47.2 min). They assert that the signifi cant reduction rate of operative time occurred 
because the FOCUS shears allow not only coagulation and cutting the vessels but also 
the dissection of planes without requiring any further tools; furthermore, the very low 
occurrence of failures in the hemostatic division of vessels (both veins and arterials) 
avoids the use of manual ligatures or clips, which is time consuming. One of the most 
important advantages of this instrument is the very rare occurrence of delayed bleed-
ing [ 32 ]. In this study, a signifi cant difference in the drainage output between the two 
groups in favor of the FOCUS group was observed. Postoperative pain was signifi -
cantly lower after 12 h and also after 24 h. The explanation for such a signifi cant dif-
ference might be found in the shorter operative time, the reduction of neck 
hyperextension due to the easier access to the upper pedicle [ 32 ], and consequent 
reduced stretching of the wound. Others also note that edema of the tissues is reduced 
because of the much lower temperature reached by the Harmonic shear [ 22 ,  33 ]. 

 In 2008, Cirocchi et al. conducted a systematic review and meta-analysis to com-
pare the surgical effectiveness of HS vs. CT in total thyroidectomy in patients with 
thyroid benign and/or malignant pathologies. They observed that the main signifi -
cant advantages of HS are shorter operative duration, lower intraoperative blood 
loss, and lower overall drainage volume. 

 In this analysis, the reduction of operative time has the advantage to reduce sig-
nifi cantly the costs of utilization of operating room. The cut and coagulation func-
tions permit also to reduce lymphorrea depending on ligations and sections and the 
authors deduce that this leads to the opportunity of anticipated discharge and subse-
quent reduction of costs of permanence in the hospital. 

S. Vanella et al.



241

 The incidence of postoperative complications is similar in two groups (transient 
laryngeal nerve palsy, permanent laryngeal nerve palsy, transient hypocalcemia, 
permanent hypocalcemia) [ 34 ]. 

 A meta-analysis conducted in 2010 by Ecker et al. confi rmed the impact of the 
HS on operating time, with a reduction of nearly 25 % when compared with all 
other hemostatic methods. With regard to postoperative pain, the data show that 
patients in the harmonic scalpel group had a signifi cantly less painful postoperative 
course when compared with patients with suture/clip ligation plus electrocoagula-
tion [ 35 ]. 

 Also Melck et al., in a meta-analysis realized in 2010, showed that the utiliza-
tion of the HS for total and subtotal thyroidectomy signifi cantly reduced operative 
time compared to CT by greater than 23 min. Furthermore, there was a 31 % 
decreased risk of transient postoperative hypocalcemia with HS utilization and 
there was also no statistically signifi cant difference in the risk of transient postop-
erative nerve damage between the two groups. Authors speculate that use of the 
HS may facilitate dissection of the parathyroid glands in a plane farther away 
from the parathyroid gland capsule, thus reducing the chance of damaging their 
blood supply, directly or indirectly, with either mechanical forces or electrical 
currents [ 36 ].  

19.3     LigaSure 

 The LigaSure vessel sealing system (Valleylab, Boulder, Colorado) is a hemostatic 
device primarily designed for abdominal operations. A bipolar, electrosurgical 
device, it seals vessels as large as 7 mm in diameter by denaturing collagen and 
elastin within the vessel walls and the surrounding connective tissue. When com-
pared with unipolar cautery, LigaSure has a reduced energy spread profi le (<2 mm) 
and a potentially decreased risk of injury to adjacent structures [ 37 ,  38 ]. 

 The device is used in abdominal surgery and has proved suitable for use in thy-
roid surgery [ 39 ]. LigaSure, allowing vessel sealing and division with no dispersion 
of the electric power and with little or no heat production, has been widely used in 
diverse fi elds of surgery for its effi ciency and safety. However, in thyroid surgery, 
where a considerable amount of minute vessels must be divided and hence micro-
surgical techniques required, LigaSure is also preferred for its further effi ciency by 
shortening the duration of the operation (Fig.  19.3 ) [ 1 ].  

 A characteristic specifi c to the LigaSure is the possibility to modulate the quan-
tity of energy by applying appropriate pressure to the grip [ 40 ,  41 ]. 

 Some surgeons found the earlier LigaSure precise instrument to be time consum-
ing (in comparison with the harmonic scalpel), especially because of the absence of 
an integrated cutting mechanism and the lack of dissection capabilities. In this con-
text, the LigaSure LF1212 was introduced in 2010 as an innovative technical 
advance for open thyroid surgery. This device is also capable of cutting with an 
integrated mechanism, and it is suitable for both blunt dissection and grasping and 
dividing tissue [ 42 ]. 
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 As for HS, several studies analyzed the use of LigaSure in thyroid surgery in 
comparison with CT technique and quantifi ed the advantages in terms of operative 
time, reduction of perioperative complications, and decrease in hospital stay. 

 In 2006, Franko et al., in their clinical trial, confi rmed that operative time was 
signifi cantly decreased by an average of 20 min through the use of LigaSure in thy-
roid surgery, but this procedure did not result in any increase or decrease in the 
incidence of clinically apparent RLN injury, bleeding necessitating reoperation, or 
postoperative hypocalcemia, whether transient or permanent [ 43 ]. 

 In 2009, Yao et al. analyzed the results of thyroid surgery performed with 
LigaSure compared to the conventional operation and they found that LigaSure thy-
roidectomy took signifi cantly less time to complete (mean, −11.97 min). They asso-
ciated the reduced operative duration with LigaSure to better intraoperative 
hemostatic control and not needing to ligate the vessels. 

 The authors noticed no signifi cant difference in the rates of overall and individ-
ual postoperative complications (transient and permanent hypocalcemia, transient 
and permanent nerve lesions, hematomas, wound infections) for patients undergo-
ing conventional vs. LigaSure thyroidectomy. Moreover, because it is used solely 
during the entire procedure for vascular ligation of all thyroid vessels, no suture 
ligations are necessary, no foreign bodies (i.e., ligations or clips) are left behind; 
therefore, the risk of knot slipping and clip dislodgment is nearly eliminated. 

 Furthermore, the clarifi cation that, after LigaSure thyroidectomy, the postopera-
tive pain treatment and analgesic requirements were signifi cantly reduced, and 
patients returned pain-free to normal work or social activity signifi cantly earlier is 
remarked by different studies [ 38 ,  44 ]. 

 A further study, conducted by Ignatjovic et al. in 2011, concludes that the effects 
of the LigaSure procedure are equivalent to the ligation technique [ 45 ], while the 
maximum temperatures, energy dissipation, and collateral damage are markedly 
less in comparison with other nonligature hemostasis methods [ 46 ,  47 ]. In addition, 
the blood pressure necessary to break the site of blood vessel sealing is four times 

  Fig. 19.3    Central neck 
dissection using LigaSure 
Precise®.  RCCA  right 
common carotid artery, 
 RCCLN  right central 
compartment lymph nodes, 
 RILN  right inferior laryngeal 
nerve       
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higher than the maximum possible arterial pressure (850–900 mmHg), and more 
than twofold higher than the maximum venous pressure (200–250 mmHg) [ 48 – 50 ]. 
In this study, intraoperative blood loss is lower in LigaSure group and the duration 
of surgery is shorter, the economic effects was generally concluded to be irrelevant 
as compared to the total price of the surgery [ 51 ].  

19.4     BiClamp 

 Bipolar thermofusion BiClamp 150 (ERBE Elektromedizin GmbH, Teubingen, 
Germany,   www.erbe-med.com    ) is a tool specifi cally designed for thyroid surgery. It 
works on the principle of bipolar thermofusion of tissue. Low-voltage energy is 
strong enough to seal vessels of up to 7 mm in diameter on the basis of collagen 
fi ber fusion [ 48 ]. The hand piece is shaped like forceps and is easily used to grasp 
and coagulate the vessel. It is useful for tissue preparation as well. After placing the 
hand piece into the proper position on the vessel and pushing the pedal, electroco-
agulation starts. The process ends with acoustic signals from the processing unit, 
after the vessel is sealed and it is possible to cut it. An automatic stop function pre-
vents heat injury from the surrounding tissues. Another advantage of the instrument 
is the possibility of resterilization. It should not be used in the area of the RLN due 
to the potential risk of injuring the nerve from the dispersion of heat. The tool is not 
suitable for coagulation of very small vessels because forceps tips of BiClamp are 
thicker than conventional bipolar coagulation tips. Encrusted coagulations could 
adhere to the forceps tips and there is danger of damaging the vessel when the for-
ceps are withdrawn [ 52 ]. 

 Some studies were conducted to prove the effectiveness of this device in thyroid-
ectomy compared to other hemostatic techniques. 

 Pniak et al., in a review of 2014, assert that the bipolar thermofusion BiClamp is 
an effective and safe method for vessels sealing during thyroidectomy, including 
sealing of the main thyroid vessels. They demonstrated that BiClamp may achieve 
statistically signifi cant reductions in the frequency of postoperative bleeding com-
pared with conventional vessel ligature and it also leads to signifi cant reductions in 
operative time [ 52 ].  

19.5     Comparison Between Devices 

 Most studies comparing the LigaSure to HS have been performed on patients under-
going abdominal surgeries, such as hysterectomies, laparoscopic splenectomies, 
and laparoscopic colectomies [ 53 ,  54 ]. Studies have compared conventional knot 
tying to the LigaSure device or harmonic scalpel in total thyroidectomy, but few 
have done a comparison of both devices [ 24 ,  28 ,  55 – 59 ]. 

 One of these studies was conducted in 2011 by Zarebczan et al. and it showed no 
difference in the rate of transient hoarseness, permanent recurrent laryngeal nerve 
injury, transient hypocalcemia, and hematoma formation between the two devices 
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when used in total thyroidectomy. When comparing the two devices to one another, 
researchers found a signifi cant decrease in operative time when the harmonic scal-
pel was used, with an average decrease in operative time of 15 min and similar fi nd-
ings in operative time were shown for patients who underwent thyroid lobectomy: 
cases in which the LigaSure was used took 7 min longer on average. They also 
illustrated a decrease in length of hospital stay for patients who underwent total 
thyroidectomy with the harmonic scalpel [ 60 ]. 

 In 2008, Sartori et al. conducted a comparison study, in which they analyzed 
three groups of patients, who underwent thyroidectomy using CT, HS, or LigaSure. 
They showed that there was a signifi cant difference in overall morbidity between 
patients in the CT group and the other two; HS and LigaSure groups had a higher 
complication rate but there was no difference between LigaSure and HS patients; in 
particular, there was a statistically signifi cant difference in postoperative hypocalce-
mia rate between patients operated with conventional technique and those in the 
new technologies groups. When comparing LigaSure and HS patients, postopera-
tive calcemia did not signifi cantly differ, but patients in the HS group had a higher 
relative risk of postoperative hypoparathyroidism (RR = 3.75). 

 However, this had no impact on patient outcome since hypocalcemia was always 
transient and asymptomatic in more than two thirds of the patients and the length of 
hospital stay was not affected. Recurrent laryngeal nerve palsies, instead, were the 
same in the three groups. 

 HS patients had a mean operating time shortening of 24 min when compared to 
CT patients, while no advantage was noticed regarding operating time when using 
LigaSure. Intraoperative blood losses were similar among groups [ 61 ]. 

 Oussoultzoglou et al., in a prospective study conducted in 2008, conclude that 
HS is associated with reduced postoperative hypocalcemia, reduced postoperative 
oral calcium supplementation requirement, and reduces operative time compared 
with the LigaSure device [ 62 ]. 

 Dionigi et al., in their article written in 2011, assert that the only justifi ed com-
parison is between the new LigaSure™ LF1212, which has an integrated cutting 
capability, and the FOCUS. In their study, they found no signifi cant differences in 
the operative time between the two groups (LigaSure and FOCUS). The rate of 
nerve lesions, bleeding, drainage, and postoperative calcium concentration were the 
same for the two devices, with no signifi cant differences. The use of FOCUS signifi -
cantly increased the incidence of hypoparathyroidism; their working hypothesis 
was that the parathyroid glands are more likely to be injured because of the potential 
for greater thermal spread when using the Harmonic FOCUS. However, the postop-
erative calcium levels were not signifi cantly different between the two groups. The 
only signifi cant fi nding within this context was a signifi cantly reduced early postop-
erative PTH value, which potentially indicates a need for supplementation, in the 
FOCUS group. At 24 h after surgery, the calcium levels were no longer different, 
but calcium supplementation was still signifi cantly higher in the FOCUS group. 

 The authors affi rm that thermal injury to the parathyroids is avoidable by having a 
larger distance of the energy-based dissecting tools from these vital anatomical struc-
tures (>3 mm), or with a sequential use and water-cool of the instruments [ 63 ,  64 ]. 
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 The authors noticed, also, a lower rate of pain experienced while swallowing in 
the LigaSure group, but overall patients’ low analgesic requirement and extra doses 
of analgesics were the same; they explained this with the hypothesis that LigaSure 
delivers less energy because of the presence of active feedback control over the 
power output, limiting thermal spread to adjacent tissues. Furthermore, in this study 
it is noticed that the LigaSure LF1212 allowed the surgeon to dissect, coagulate and 
cut vessels in signifi cantly narrower spaces than did the FOCUS. A possible expla-
nation for this is given considering the longer tips of the LF1212 and the consequent 
reduced stretching of the wound [ 42 ]. 

 Rahbari et al. realized a study, in 2011, that showed no signifi cant difference in 
the operative cost or operative time in thyroidectomies performed with HS or with 
LigaSure. There was also no signifi cant difference in complication rates between 
the two groups, and in the cost and the number of pain medications used as a sur-
rogate measure of pain associated with the thyroidectomy [ 65 ]. 

 More recently, in 2013, Contin et al., in a meta-analysis, demonstrated that 
using energized vessel sealing systems (LigaSure) can signifi cantly reduce opera-
tion time. Additionally, the use of HS was associated with several small-scale ben-
efi ts, that is, reduced intra- and postoperative blood loss, reduced rates of transient 
hypocalcemia and postoperative pain as well as a reduced duration of hospital stay. 
While these improvements were marginal and not observed for the use of LigaSure, 
the conventional technique was not superior in any outcome investigated. In par-
ticular, the clinically important safety outcomes of recurrent nerve palsy and rates 
of clinically symptomatic hypocalcemia were not negatively affected by using any 
of the energized vessel systems. Nevertheless, the detected differences between the 
devices could be due to the different spectrum of use the devices offer. While the 
LigaSure offers more time-consuming multiple-sealing approaches at the same 
vessel, the HS divides the tissue at the same time of coagulation. 

 Apart from that, reduction of operation time is surely a signifi cant benefi t for surgical 
practice. However, the saving of operation time has to be set in relation to higher mate-
rial costs. Since personnel and material costs differ from country to country, every single 
institution has to evaluate the potential benefi t of employing these devices [ 41 ].     
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20.1             Introduction 

 Even when suitable anesthetics became available, many surgeons believed that 
operations on the thyroid gland were too hazardous to be attempted. Especially for 
the most serious complication of thyroidectomy: bleeding [ 1 ].

  Can thyroid gland be removed with a reasonable hope of saving the patient? Experience 
emphatically answers: no. 

 Should the surgeon be so adventurous or foolhardy to undertake the enterprise … 
 … every stroke of his knife will be followed by a torrent of blood and lucky will it be 

for him if his victim lives long enough to enable him to fi nish his horrid butchering … 
 […] No honest and sensible surgeon would ever engage in it.  
 Samuel D. Gross (1805–1884), Professor of Surgery, Jefferson Medical College, Philadelphia,  
  System of Surgery  

   Appalling results of thyroid surgery led, in 1646, to the imprisonment of a sur-
geon for his work [ 2 ]. 

 In 1850 – given the miserable outcomes of thyroidectomies – the French 
 Académie Royale de Médecine  forbade any operation on goiter [ 3 ,  4 ]. 

 During the 1860s to the 1880s the introduction of improved anesthesia, new 
methods of infection prophylaxis, and improved hemostasis technique would pro-
vide the impetus for an important change. 

 The early history of hemostasis – as outlined beautifully by  Samuel Clark Harvey  
in 1929 – starts with the use of crude ligatures, cautery, hot oil, and caustic sub-
stances to control hemorrhage [ 5 ]. 
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 It was only in 1600 that  Ambroise Parè , a French surgeon, introduced vascular 
ligation as the preferable method to provide bleeding control. 

 The fi rst effective hemostatic forceps were introduced only in 1874 by  Thomas 
Spencer Wells  (1818–1897) in London and by  Jules Emile Péan  (1830–1898) in 
Paris [ 5 ]. 

 The use of such devices began much earlier in Europe than in the United States. 
 William Steward Halsted  (1852–1922) witnessed thyroid surgeries using dozens of 
hemostats while in Europe during 1879. His only prior experience with their use, 
during thyroid surgery in the United States, had occurred at the Roosevelt Hospital 
of New York under  Henry Berton Sands  (1830–1888). At that time, the entire 
American hospital had only two hemostats at their disposal [ 4 ]. Halsted championed 
the use of hemostats in his country upon his return to the United States late in 1879. 

 Forceps had a marked infl uence on outcomes of thyroid surgery [ 6 ]. 
 Incidence of morbidity with thyroid surgery decreased signifi cantly after stan-

dardization of the capsular dissection technique by Thompson in 1973 [ 7 ], and total 
thyroidectomy is increasingly accepted for the treatment of cancer and benign thy-
roid diseases. 

 New technologies for the prevention and control of bleeding were gradually 
introduced in surgical practice over the past century: electrical scalpel (1924), bipo-
lar forceps (1940s), and recently the radio frequency and ultrasonic scalpel (2000s). 

 A critical problem for the surgeon in the operating room has been always oozing 
blood, where cautery and suture ligation are not feasible. For this reason, over the 
past decades, means such as lasers (CO 2 , Argon, and Nd-YAG), and spray- 
electrocoagulation have been introduced. Topical agents have also been developed 
to promote hemostasis in a wide variety of surgical procedures where the control of 
bleeding may result particularly diffi cult or impossible (coagulopathies and plate-
lets dysfunction, parenchymal tissues, bony surfaces, etc.). Most of these topical 
agents were originally developed to improve wound healing in soldiers with severe 
burn injuries during World War I, World War II, and Vietnam and Korea War [ 8 ]. 

 Currently, hypoparathyroidism and recurrent laryngeal nerve palsy are the most 
frequent postoperative complications associated with thyroid surgery. In terms of 
severity, postoperative hemorrhage is a rare but potentially lethal complication, 
occurring in 0.3–2 % of cases [ 9 – 13 ]. 

 Hemorrhage correlated with a thyroidectomy usually occurs within 24 h, and the 
most signifi cant hematomas become apparent after 6–8 h [ 14 ]. 

 More in detail, the time of occurrence of the postoperative hematoma would be in:

    1.    <1–2 % of cases, immediate/early   
   2.    43 % within 6 h   
   3.    38 % between 7 and 12 h   
   4.    8 % after 24 h [ 15 ]     

 The intraoperative bleeding hampers the vision of the operative fi eld and of the deli-
cate anatomical structures, complicating the surgical dissection: it can cause indirect 
morbidity related to injury of the recurrent nerves and lesions of the parathyroid glands.  
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20.2     Indications 

 Topical hemostatic agents (THA) are used when surgical hemostasis is inadequate 
or impractical. Electrocautery may not be useful for controlling bleeding in some 
surgical fi elds such as:

    1.    Around nerves (e.g., recurrent laryngeal nerve, vagus, spinal accessory, loop of 
the hypoglossal nerve)   

   2.    Medullary bone surfaces (e.g., hyoid bone after  Sistrunk’ s procedure)   
   3.    Needle-hole bleeding from vascular grafts   
   4.    Raw areas on cut surfaces (e.g., muscle fi bers, thyroid tissue, parenchyma of the 

salivary glands)     

 The majority of  routine , elective operations are performed in patients with nor-
mal hemostasis and with minimal blood loss. 

 Patients who are anticoagulated and those with bleeding diatheses (e.g., factor 
defi ciencies, disseminated intravascular coagulation), or have platelets dysfunction 
(e.g., aspirin therapy) can continue to ooze from surgical surfaces in spite of ade-
quate surgical hemostasis [ 16 ]. 

 Under ideal circumstances, patients with hemostatic abnormalities have their 
underlying defects corrected prior to proceeding with surgery; however, this is 
not always possible. Anticoagulated patients, patients receiving antiplatelet 
 therapy, and those with congenital or acquired bleeding diatheses may require 
emergency surgical procedures to manage trauma or unrelated conditions or to 
manage hemorrhage that is a result of their disorder. Under these circumstances, 
correction of the hemostatic defect is undertaken  en route  to or simultaneously 
with the procedure [ 17 ]. 

 Hemostatic abnormalities can also develop during the course of surgery (e.g., 
hypothermia, disseminated intravascular coagulation). 

 The newer oral anticoagulant drugs ( rivaroxaban  [Xarelto®],  apixaban  [Eliquis®], 
and  dabigatran  [Pradaxa®]), unlike  warfarin , do not have a reversal agent. 
Biologically active topical hemostats may be effective in this setting [ 18 ].  

20.3     Topical Hemostatic Agents 

 The four main categories of topical hemostatic agents (THA) are as follows:

    1.     Physical passive agents (passive hemostatics) , which promote hemostasis 
using a passive substrate, including collagen, gelatins, and regenerated oxidized 
cellulose. Their mechanism of action is to provide platelet activation and 
 aggregation. They are of bovine, equine, swine, or vegetable origin and are avail-
able as sponge, sheets, gauze, fl eece, and powder [ 8 ,  17 ].   

   2.     Biologically active agents (active hemostatics) , which enhance coagulation at 
the bleeding site. Active agents participate at the end of the coagulation cascade 
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to form a fi brin clot. This group includes products containing fi brinogen and 
thrombin (fi brin sealants, adhesive sealants). 

 Products with purifi ed fi brinogen and thrombin were fi rst successfully used in 
the 1970s. The fi rst fi brin sealants to be commercially available in Europe were, 
in the early 1980s, Tissucol® and Beriplast®, whereas in the United States the 
Food and Drug Administration (FDA) approved the licensing of fi brin sealants 
only in 1998 because of the presumed risk of viral hepatitis transmission. The 
lack of availability of these products in the United States until 1998 resulted in the 
production of fi brin glue from blood-bank cryoprecipitate (“home-made”) with a 
lower concentration of fi brinogen [ 19 ]. At the moment, fi brin sealants are still the 
most effective hemostatic adhesive agents available for surgical purpose [ 8 ].   

   3.     Sealants (tissue adhesive)  and topical agents, which are not strictly hemostatic. 
They have adhesive and sealing properties that make them be useful in wound 
closure, vascular anastomosis protection, and prevention of leakages. They may 
be synthetic (cyanoacrylates and PEG – polyethylene glycol sealants) or semi-
synthetic (glutaraldehyde-albumina) sealants [ 20 ].   

   4.     Combined THA , products made by a combination of different THA or TA.     

20.3.1     Passive Hemostatics 

 Passive hemostatics (PH) promote hemostasis through several effects. The matrix 
material provides a stimulus that activates platelets and the extrinsic pathway and 
provides a scaffold for thrombus deposition. The dry matrix also absorbs water and 
concentrates hemostatic factors at the site of bleeding, and tamponades bleeding 
vessels by exerting pressure. 

 Between the various PA, we may mention: 

20.3.1.1     Cellulose-Based Hemostatic Agents 
 Cellulose-based hemostatic agents are vegetable-derived products, biodegradable 
and biocompatible. They are completely reabsorbed by hydrolysis with a low rate of 
foreign-body reactions and no immunologic risk. They also have antimicrobial 
activity and can be used for the prevention and treatment of surgical site infection. 
There are two formulations commercially available: oxidized regenerated cellulose 
obtained from wood pulp cellulose and oxidized cellulose obtained from cotton 
fi ber. 

  Oxidized regenerated cellulose  (ORC) is a dry, absorbable sterile mesh 
(Surgicel®) that can be applied directly to an area of bleeding. A single-layer sheet 
is fully absorbed in about 14 days. Results are optimal if bleeding is  minimal 
(oozing) [ 21 ]. 

  In vitro  studies have found that ORC has bactericidal activity against a wide 
range of gram-positive and negative organisms because of its acidic pH. The low pH 
also inhibits proteases and elastase, which may be benefi cial in chronic wounds; 
however, this same property may inhibit its resorption. Residual ORC may be asso-
ciated with infection and adhesion formation.  
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20.3.1.2     Gelatin-Based Hemostatic Agents 
 Gelatin-based hemostatic agents are prepared from purifi ed pork skin gelatin or 
bovine derived gelatin. They provide a mechanical matrix that promotes clotting 
and can be combined with topical thrombin. Gelatin-based agents are available in 
sponge, powder, or granular forms. 

  Gelatin Matrix  (GM) (Gelfoam®, Surgifoam®) is a hydrocolloid made from 
acid partial hydrolysis of porcine-derived collagen that is whipped into foam and 
then dried. It is available in sponge or powder form. Gelatin sponge absorbs blood 
or fl uid up to 40 times its weight and it expands up to 200 % in its dimensions. The 
dry sponge form can be tailored to any shape and although rigid when dry, the 
sponge becomes pliable after moistening. Once in place, pressure is applied for 
several minutes to achieve hemostasis. The sponge can be left in place and is com-
pletely absorbed after 4–6 weeks. Because gelatin foam has a neutral pH, it does not 
inactivate thrombin, and thus, it is common practice to moisten it with topical 
thrombin to synergize the effects of these agents. 

 The disadvantages of gelatin include an increased incidence of infection, granuloma 
and fi brosis formation, and – similar to dry matrix product – the potential for disruption 
of the clot if the sponge is removed. Although all brands of gelatin matrix are derived 
from porcine connective tissue, it is not considered to be antigenic [ 17 ,  21 ].  

20.3.1.3     Collagen-Based Hemostatic Agents 
 Collagen-based hemostatic agents, bovine or equine derived, in addition to promot-
ing hemostasis are useful as a scaffold upon which cells proliferate and migrate 
accelerating wound healing. Many agents are combined with thrombin in order to 
enhance the effectiveness. There are many formulations commercially available: 
sponge, powder, fi ber, and sheet. 

  Microfi brillar Collagen  (MC) is an absorbable acid salt obtained from bovine 
collagen (Avitene®). MC acts as a scaffold for clot formation and activates platelets. 
MC can be applied directly to the bleeding site as a powder, but foam sheet formula-
tions (Avitene Ultrafoam®) are available. MC is fully absorbed within 3 months. 
MC remains effective with the use of heparin, but is less effective when platelet 
counts are below 20,000/mm 3 . 

  Microporous Polysaccharide Spheres  (MPS) (Arista®) are derived from potato 
starch, which accelerates clot formation by acting as a molecular sieve to absorb water 
and concentrate platelets and blood proteins. MPS are available in powder form and are 
used by fi rst applying pressure to the bleeding site with a dry surgical sponge for 2 min-
utes to achieve a relatively dry surface, then liberally applying the powder with the 
bellows applicator. Gentle pressure is reapplied with a fresh surgical sponge for 
1–2 minutes until hemostasis is achieved. The advantages of MPS include low cost, 
rapid absorption (within 48 h), and freedom from transmissible viruses or alloantigens. 
In addition, MPS does not act as a  nidus  for infection or cause foreign body reactions. 

 In the group of PH we can mention also  Bone Wax (BW)  used sometimes for 
blood oozing from the cut surface of medullary bone (e.g., in median sternotomy or 
in the hyoid bone resection in the  Sistrunk’s  procedure). BW (composed of bees-
wax, paraffi n, and wax-softening agents) physically occludes bleeding vessels 
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within bone to stop bleeding. When using BW, a minimal amount should be used 
and it is rubbed across the surface of the bone surface without leaving a raised plug. 
BW is inexpensive and effective, but can lead to infection or granuloma formation 
which can interfere with bone healing [ 22 ]. 

  Ostene  is an effective alternative to BW. It is a wax-like compound of a water- 
soluble alkaline oxide copolymer that occludes bleeding vessels in bone, similar to 
BW, but it does not persist in the wound as a foreign body. In animal studies com-
paring Ostene with BW, Ostene did not remain in the wound beyond 3 weeks and 
bone healing was more pronounced in the Ostene group [ 17 ,  23 ].   

20.3.2     Active Hemostatics 

20.3.2.1     Fibrin Sealants (FS) 
 Fibrin sealants (FS) are involved at the end of the coagulation cascade to induce a 
clot at the site of bleeding. FS are a two-component system that includes a solution 
of concentrated fi brinogen and factor XII, and a solution of thrombin and calcium 
(Tisseel®, Vitagel®, Cryoseal®, Evicel®) When mixed together – just prior to use – a 
fi brin clot forms. The two components are applied simultaneously using a two-
syringe technique. Commercially available preparations consist of a combination 
plunger, side-by-side syringes and a dual needle-tip to facilitate even application of 
each component. 

 Patches (TachoSil®, Veriset®, Evarrest®) and pads (FibrinPad®) composed of 
fi brin sealant combined with other hemostatic agents ( polyglactin , oxidized regen-
erated cellulose) are in the early stages of clinical investigation [ 24 ]. 

 A large number of commercial and blood bank prepared (“home-made”) fi brin 
sealants are commonly used in a variety of surgical settings: these products are 
somehow similar in composition but actually vary widely as to components and 
preparation methods [ 8 ].  

20.3.2.2     Thrombin-Based Hemostatic Agents 
 Topical thrombin (TT) is reconstituted from a lyophilized powder. It can be applied 
using a sprayer or applied with a needle and syringe to direct its application to a 
specifi c area of bleeding. TT can also be used in conjunction with a gelatin matrix 
agent (sponge or granules) that provides the thrombin with an immediate scaffold 
for clot formation. Due to its liquid nature, thrombin applied in combination with 
gelatin granules (FloSeal®, Surgifl o®) may control bleeding more quickly than 
thrombin-soaked pieces of gelatin foam. Human thrombin and a recombinant 
thrombin are available for use, largely replacing bovine thrombin.   

20.3.3     Tissue Adhesive 

 Tissue adhesives (TA) are low viscosity liquids that polymerize in few seconds 
forming a solid fi lm that connects the tissue surfaces. This property makes adhe-
sives effective tissue sealants and effective hemostatic agents. 
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 They can be divided in synthetic ( cyanoacrylates  and PEG –  polyethylene glycol  
sealants) and semi-synthetic ( glutaraldehyde-albumina ) sealants. 

  Cyanoacrylate  TA  octyl-2-cyanoacrylate  (Dermabond®) and  butyl-2- 
cyanoacrylate   (Histoacryl®) are liquid monomers that change to strong polymers 
with exposure to moisture. Cyanoacrylates have numerous surgical and medical 
applications such as: skin closure and wound repair (especially in pediatrics) with 
formation of an antimicrobial barrier, esophageal and gastric varices management, 
air leaks prevention in lung resection, lymphatic leaks, and reparation of peripheral 
nerves [ 8 ,  17 ,  20 ].  

20.3.4     Combined THA 

 Between the various products made by a combination of different THA or TA we 
may mention:

    Collagen sponge  coated with human fi brinogen and thrombin (TachoSil®). The 
sponge is manufactured from horse tendons. TachoSil® reacts upon contact with 
blood, other body fl uids or saline to form a clot that glues it to the tissue surface. 
Hemostasis is reached in a few minutes, and the sponge is absorbed within sev-
eral weeks. Some patients experience hypersensitivity or allergic reactions.  

   Porous collagen matrix + polyethylene glycol (PEG)  (Hemopatch®) is a new 
resorbable sealing hemostat that has a dual-method mechanism of action: two 
components interact to achieve hemostasis by sealing off the bleeding surface 
and initiating the body’s own clotting mechanisms.    

 When in contact with tissue, NHS-PEG forms covalent bonds between the col-
lagen pad and tissue proteins, which seals the tissue and induces hemostasis. In 
preclinical tests, it achieved fast and effective hemostasis (fully controlling bleeding 
at 2 minutes).   

20.4     Adverse Effects and Complications 

 Adverse effects of THA and tissue adhesives are related to the composition and 
characteristics of the preparation, location of placement, and absorption time. 
Excessive amounts of a slowly degrading product can serve as a  nidus  for infection, 
and agents placed into a confi ned place can cause compression of surrounding 
structures, particularly if the product has a tendency to expand. 

20.4.1     Impaired Wound Healing 

 Excess application of topical hemostatic agents can impede wound healing. 
Granuloma formation has been reported with the use of microfi brillar collagen, 
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gelatin foam, and cyanoacrylate [ 21 ]. In addition, the metabolites of cyanoacrylates 
(e.g.,  cyanoacetate  and  formaldehyde ) can cause an infl ammatory response in the 
surrounding tissues.  

20.4.2     Surgical Infection 

 There are many clinical reports of wound infections associated with the use of 
THA. Adverse factors such as emergency procedure, transfusion, and prolonged 
operative time are associated with an increased risk of surgical wound infection and 
frequently coexist with the need for hemostatic agents, and thus, any analysis of the 
risk of infection due to hemostatic agent is confounded. The risk of infection may 
be minimized by removing excess topical hemostatic agents from the wound after 
hemostasis is achieved, when possible.  

20.4.3     Allergic Reactions 

 Allergic reactions (including anaphylaxis) are associated primarily with bovine- 
derived fi brin sealants. These products should not be used in patients with a history 
of prior anaphylactic reactions to plasma products or IgA defi ciency [ 25 ].  

20.4.4     Blood-Borne Disease 

 The potential transmission of infectious disease (e.g., hepatitis, HIV), even from 
screened and tested blood, is a risk of any product that contains blood components. 
The use of recombinant human thrombin should reduce the risk. Healthcare workers 
in the operating room should exercise extra caution when using thrombin- derived 
products, particularly if used in an aerosolized form.  

20.4.5     Vascular Thrombosis 

 THA should not be injected into a blood vessel or within an opened vessel [ 17 ].   

20.5     Choice of Topical Hemostatic Agent 

 The choice of THA to use depends upon:

    1.    Character, amount, and location of bleeding   
   2.    Type of surgical procedure   
   3.    The availability of a given agent   
   4.    Cost considerations   
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   5.    Surgeon preference and habits     

 Biologically active agents (e.g., topical thrombin, fi brin seal) are more useful for 
brisk bleeding compared with dry matrix agents (e.g., gelatin matrix) and are more 
effective in the setting of coagulopathy. 

 Although more expensive, fi brin sealants have signifi cantly higher rates of hemo-
static control compared with thrombin-gelatin combinations. Fibrin sealant and 
bovine albumin-glutaraldehyde tissue adhesives (Bioglue®) are appropriate choices 
when moderate bleeding does not respond to other measures [ 26 ].  

20.6     Cost Considerations 

 THA are generally prepackaged for one-time use in quantities that are generally 
suffi cient to manage bleeding from a single site. 

 Although these preparations should not be used unnecessarily, they are cost- 
effective if they:

    1.    Save operative time   
   2.    Reduce transfusions   
   3.    Prevent a return to the operating room     

 The cost of these agents falls in the range between an electrosurgery pen and the 
handset of various tissue-sealing energy sources (e.g., ultrasonic scalpel). 

 Less expensive agents are frequently used in a routine or preventive setting to 
minimize blood loss. The more expensive agents (fi brin sealants and microfi brillar 
collagen) are often more effective in the setting of coagulopathy or anticoagulation 
and are frequently the preferred choice when bleeding is not easily controlled [ 17 ].  

    Conclusions 

 Accurate hemostasis during neck surgery plays a key role in achieving successful 
patient’s outcome. Therefore, in addition to traditional hemostatic methods, sev-
eral THA and TA have been developed to reduce time in operating room and 
complications. 

 THA may decrease intraoperative bleeding and facilitate modern surgical 
technologies such as minimally invasive surgery, video-assisted (MIVAP, 
MIVAT), endoscopic and robotic procedures. 

 THA are useful adjuncts to surgical hemostasis for controlling nonspecifi c 
bleeding. 

 A large number of commercial and blood bank prepared fi brin sealants are 
commonly used in a variety of surgical settings (biologically active agents, active 
hemostatics): these products are somehow similar in composition but actually 
vary widely as to components and preparation methods. Agents that enhance 
normal hemostatic mechanisms include thrombin-based products. 
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 Adjunctive local hemostatic treatments include physical passive agents 
(passive hemostatics, such as cellulose-based hemostatic agents, gelatin-based 
hemostatic agents, collagen-based hemostatic agents), sealants (tissue adhesive, 
such as  cyanoacrylates , PEG –  polyethylene glycol  hydrogels,  glutaraldehyde-
albumina  sealants), and Combined THA and TA products. 

 The ideal hemostatic should be safe, effective, practical, and cost-effective. 
 Adverse effects and complications from THA and TA are generally uncom-

mon. Most problems can be avoided by limiting the amount of agent remaining 
within the wound once hemostasis has been achieved. 

 Complications related to thrombin-based agents (which are blood products) 
include the potential for transmission of blood-borne disease and anaphylaxis 
with the bovine-derived agents. 

 Other problems that can arise include impaired wound healing and infection. 
 The choice of which THA to use depends upon the character, amount, and 

location of bleeding; type of surgical procedure; the availability of a given agent; 
cost considerations; and surgeon preference and habits. 

 Surgeons should be familiar with THA to ensure an optimal use in theater.     
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21.1             Introduction 

 Over the last 20 years, new technologies have been developed which have 
 dramatically changed the fi eld of surgery. While meticulous surgical technique and 
attention to detail remain the hallmarks of thyroid surgery, many surgeons have 
incorporated several technologies to enable them to perform thyroidectomy safely 
and faster. The previous chapters have reviewed the most common technologies 
used by thyroid surgeons, including intraoperative stimulation and monitoring of 
the external branch of the superior laryngeal nerve and the recurrent laryngeal 
nerve, as well as utilization of hemostatic devices and agents. This chapter will criti-
cally appraise the literature regarding these new technologies and summarize our 
recommendations.  

21.2     External Branch Superior Laryngeal Nerve 
Intraoperative Nerve Monitoring 

 Injury to the external branch of the superior laryngeal nerve (EBSLN) can occur dur-
ing thyroidectomy, resulting in alterations in the patient’s voice quality, projection, 
and ability to produce pitch in the highest ranges [ 1 ,  2 ]. These changes may be subtle, 
but are particularly signifi cant for singers and other voice professionals. The standard 
techniques to minimize the risk of injury to the EBSLN are either direct visualization 
of the nerve before ligation of the superior thyroid vessels or ligation of superior 
thyroid vessels on the thyroid capsule without attempts to identify the nerve [ 3 ]. 
Nerve injury may still occur in up to 58 % of patients [ 4 ]. Identifi cation and 
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preservation of the EBSLN is often diffi cult because of its small caliber and variable 
anatomic pathway, particularly for patients with short necks, large goiters, and 
advanced cancers, where the anatomy is altered and the nerve is more intimately 
associated with the superior thyroid vessels [ 5 ]. Furthermore, the EBSLN cannot be 
identifi ed in approximately 20 % of patients by direct visualization; this is generally 
the case when the nerve travels within the inferior constrictor muscle [ 6 ]. Because of 
the high rate of injury (as frequent as 58 %) [ 4 ] and increased diffi culty identifying 
the EBSLN, intraoperative nerve stimulation and monitoring (IONM) have been 
employed as an adjunct to identify and minimize injury to the EBSLN. 

 There have been several studies that have evaluated IONM for EBSLN; however, 
the majority of these studies have been small, retrospective, nonrandomized, or 
single armed. To date, three randomized controlled trials [ 7 – 9 ] have evaluated the 
effect of IONM on EBSLN injury. Cernea et al. assessed EBSLN function with 
stimulation of the nerve followed by visual inspection for contraction of the crico-
thyroid muscle and a subsequent twitch. Seventy-six patients were randomized to 
three groups: IONM, dissection by a surgical resident without nerve identifi cation, 
and dissection by a senior surgeon without nerve identifi cation. Voice function was 
evaluated 1 week after surgery, and cricothyroid muscle function measured by per-
cutaneous electromyograph 1 month after surgery. Both voice function and crico-
thyroid muscle electromyography were repeated at 6 months for patients with early 
EBSLN paralysis. The nerve identifi cation rate was 93 % in the IONM group. There 
were no EBSLN injuries in the IONM group. However, 28 % of patients in the resi-
dent group and 12 % of patients who had surgery by the senior surgeon group had 
EBSLN injury ( p  = 0.01) on early assessment. Voice function correlated with nerve 
injuries. At 6 months follow-up, 57 % of patients in the resident group and no 
patients in the senior surgeon group had persistent nerve injury. Due to the small 
number of patients, a statistical analysis between these groups was not performed. 
The study had several limitations. Many patients were lost to follow-up, and 26 % 
of patients were excluded during the course of the study for reasons not described. 
Accordingly, an intention to treat analysis was not performed, so potential bias in 
the results cannot be excluded. 

 Lifante et al. [ 8 ] assessed EBSLN function under regional anesthesia using elec-
trodes placed directly into the cricothyroid muscle. Forty-seven patients were ran-
domized either to visual identifi cation of the EBSLN plus IONM, or to direct visual 
identifi cation alone. Following surgery, patients were assessed with the Voice 
Handicap Index-10 [ 10 ] and the Refl ux Symptom Index [ 11 ]. The nerve identifi ca-
tion rate was 66 % in the IONM group compared to 21 % in the control group 
( p  = 0.003). Voice function 3 months after surgery was impaired in the control group 
compared to the IONM group ( p  = 0.034). Long-term follow-up of voice function 
was not performed. Unfortunately, a blinded, objective assessment of EBSLN func-
tion was not performed with either laryngoscopy or cricothyroid muscle electromy-
ography, thereby preventing a correlation between patients’ perceived voice function 
and EBSLN function. 

 Barczynski et al. [ 9 ] performed the largest randomized controlled trial to date 
evaluating IONM of the EBSLN. Two hundred ten patients were randomized either 
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to meticulous exploration for, and identifi cation of, the EBSLN, or to fastidious 
exploration for, and identifi cation of, the EBSLN with the aid of IONM. EBSLN 
function was assessed using endotracheal tube electrodes and direct visual contrac-
tion of a cricothyroid muscle twitch. The nerve identifi cation rate was 84 % for the 
IONM compared to 34 % for the control group (p < 0.001). The rate of temporary 
EBSLN palsy was 1 % for the IONM group compared to 5 % for the control group 
( p  = 0.02). Voice impairment and abnormal stroboscopy were more common in the 
control group than the IONM group 3 weeks after surgery ( p  = 0.03), but after 3 
months, these differences resolved ( p  = 0.57). There was no difference in permanent 
EBSLN palsy rates ( p  = 0.57). 

 In summary, studies evaluating IONM for EBSLN have been small and have 
employed different methodologies to identify the nerve. Data appear to support the 
concept that IONM is associated with increased identifi cation of the EBSLN, with 
subsequent reduction in transient voice disturbance, and decreased frequency of 
temporary dysfunction in the EBSLN. Compared to visualization alone, IONM 
does not appear to be associated with alteration in long-term voice function or the 
rate of permanent EBSLN injury. The American Academy of Otolaryngology and 
Head and Neck Surgery guidelines for improving voice outcomes after thyroid sur-
gery [ 12 ] evaluated the published evidence addressing protection of the 
EBSLN. Based on an intermediate level of evidence and a preponderance of benefi t 
over harm, the guidelines recommended that surgeons should take steps to preserve 
the EBSLN when performing thyroid surgery. The role of IONM was not specifi -
cally addressed. 

 We feel that the evidence demonstrating the potential benefi t of IONM of the 
EBSLN is still lacking; therefore, the technology cannot be recommended routinely, 
although the data to date are promising. The available studies are small, and the 
techniques used for nerve identifi cation and measurement of patient outcomes have 
been inconsistent between studies. Further, there are to date no data to defi nitively 
demonstrate that IONM is associated with superior long-term voice function. While 
cost-effectiveness was not specifi cally evaluated in any of these studies, it is likely 
lower with IONM because long-term patient quality of life is not signifi cantly com-
promised when IONM is not employed. We feel that additional studies are needed 
to provide adequate data to assess the value of EBSLN IONM; in particular, they 
should include evaluation of cost and cost-effectiveness.  

21.3     Recurrent Laryngeal Nerve Intraoperative Nerve 
Monitoring 

 Recurrent laryngeal nerve (RLN) IONM was introduced in the 1990s [ 13 ] as an 
adjunct to the gold standard of RLN visualization. Recent studies have revealed that 
53 % of general surgeons [ 14 ] and 65 % of otolaryngologists [ 15 ] in the United 
States employ IONM during thyroid surgery. The prevalence of IONM is even more 
common in Germany, where a recent survey of surgery departments was performed. 
The survey response rate was 53 %, and the respondents accounted for 75 % of all 
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thyroid surgeries done in Germany. The survey revealed that IONM was used for 
92 % of thyroidectomies in 2010 [ 16 ]. Despite the widespread use of IONM, there 
is considerable debate regarding its benefi t in improving outcomes for thyroid sur-
gery, and about whether the technology is cost-effective. 

 Numerous studies have evaluated the role of RLN IONM; however, the vast 
majority of studies have been observational in nature. In large series (greater than 
100 nerves at risk), the average rate of nerve paralysis with IONM was 4.7 %, com-
pared to 5.7 % without IONM. These two injury rates were not signifi cantly differ-
ent in any of the studies [ 12 ]. A study by Dralle et al. [ 17 ] reviewed 16,448 patients 
with 29,998 nerves at risk that underwent thyroid surgery recorded in a German 
registry of data from 63 hospitals. There was no signifi cant difference ( p  = 0.97) in 
the permanent RLN injury rate for IONM (0.80 %) compared to nerve visualization 
alone (0.89 %). Risk factors for permanent RLN injury were recurrent malignant 
goiter, recurrent benign goiter, and thyroid malignancy (Odds Ratio 6.66,  p  < 0.0001, 
4.67,  p  < 0.0001, and 2.0,  p  = 0.002, respectively). A nonrandomized study by Chan 
et al. [ 17 ] evaluating 1,000 nerves at risk revealed no difference in RLN injury rate 
as measured by laryngoscopy with IONM in primary surgery, but did show a signifi -
cant benefi t in the setting of remedial surgery (19 % vs. 7.8 %,  p  = 0.017). There was 
also a trend towards lower RLN injury rates for patients with cancer and retrosternal 
goiters. A recent meta-analysis by Higgins et al. [ 18 ] of 44 studies (34 case series, 
seven comparative trials, and one randomized controlled trial) evaluated 64,699 
nerves at risk and showed that the rate of transient and permanent RLN injury for 
visualization alone (3.12 % and 0.59 %, respectively) compared to IONM (3.52 % 
and 0.75 %, respectively) was not signifi cantly different ( p  = 0.44). This study did 
not specifi cally evaluate the potential value of IONM for remedial surgery. A sig-
nifi cant weakness of this meta-analysis was the heterogeneity of the studies 
included, making a comparison of the data challenging. The methodology for 
IONM was different and included electrodes placed directly in the vocalis muscle 
as well as endotracheal tube electrodes. The method for IONM allocation included 
surgeon preference, consecutive allocation, and equipment availability. Surgeon 
experience and resident involvement were not evaluated. The timing of initial laryn-
goscopy ranged from immediately postoperative to 2 weeks after surgery. Persistent 
vocal cord paralysis was assessed at times ranging from 3 to 24 months after 
surgery. 

 Only two randomized controlled trials have compared RLN visualization and 
IONM. Dionigi et al. [ 19 ] assessed IONM for video-assisted thyroidectomy. 
Seventy-two patients were randomized to IONM or visualization alone. The inci-
dence of RLN injury identifi ed by direct laryngoscopy was 2.7 % (1 patient) for 
the IONM group compared to 8.3 % (3 patients) for the nerve visualization only 
group ( p  = NS). There were no permanent injuries to the RLN in either group. 
However, the study was small and underpowered to identify a signifi cant differ-
ence between the study arms. A larger study by Barczynski et al. [ 20 ] randomized 
1,000 patients to visualization alone or IONM. Nerve monitoring was performed 
using the Neurosign® system, where an electrode is placed directly into the voca-
lis muscle. Transient RLN injury was signifi cantly higher in the visualization 
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group compared to the IONM group (3.8 % versus 1.9 %,  p  = 0.011). The perma-
nent RLN injury rate was similar for both groups (1.2 % versus 0.8 %,  p  = 0.368). 
A subgroup analysis of patients stratifi ed by surgical risk revealed that for low-
risk patients, there was no difference in transient RLN injury rates (2.8 % vs. 
1.8 %), but injury to the RLN was more frequent in the high risk group (4.9 % vs. 
2.0 %,  p  = 0.011). There was no difference in permanent RLN injury rates based 
on risk stratifi cation. 

 In addition to minimizing RLN injury, proponents of IONM have advocated that 
its use facilitates nerve identifi cation, aids in nerve dissection, prognosticates post-
operative nerve function, and can identify the site of nerve injury [ 21 ]. RLN identi-
fi cation rates using IONM and nerve mapping are between 98 and 100 %. In a study 
by Snyder et al. [ 22 ], IONM assisted with identifi cation for 3 % of nerves with 
aberrant anatomy and 7 % of nerves during diffi cult dissections. Another study by 
Sari et al. [ 23 ] showed that time needed to identify the RLN was signifi cantly short-
ened by 7 min ( p  < 0.005) using IONM compared to nerve visualization alone, lead-
ing to shorter total operating room times with IONM ( p  = 0.001). The experience of 
the participating surgeons was not stated for the study, bringing into question the 
generalizability of the fi ndings. 

 After RLN identifi cation, advocates of IONM suggest that it can aid in dissection 
of the nerve and determine the mechanism and site of injuries. In a study by Snyder 
et al. [ 24 ] of 666 RLNs at risk during thyroid and parathyroid surgery, IONM was 
helpful during the dissection of 7.5 % of patients, including patients with a bifur-
cated RLN, extensive scar tissue, and medial nerve displacement. The location and 
mechanism of nerve injury can also be determined with IONM. In the same study, 
the most common mechanism of RLN injury was a traction injury at the ligament of 
Berry. The injury location can be precisely identifi ed using nerve mapping along the 
length of the nerve. If a ligature or clip is identifi ed at the site of RLN injury, it can 
be removed, which theoretically should facilitate eventual nerve recovery. 

 Another perceived advantage of IONM is the ability to prognosticate nerve func-
tion at the conclusion of surgery. This is particularly important for bilateral surgery 
where injury to both RLNs is devastating and may lead to tracheostomy. While a 
RLN transection is readily apparent, blunt injury from stretch or compression is 
frequently not visibly detectable. Several studies have shown that surgeons are very 
poor visually judging RLN function intraoperatively and detect only 10–14 % of 
injuries [ 25 ,  26 ]. Furthermore, nerve injury was only suspected in one of six (16 %) 
patients with bilateral RLN injury [ 27 ]. In contrast, modern IONM using electromy-
ography waveforms is highly specifi c and associated with a high negative predictive 
value, ranging from 92 to 100 % [ 28 ]. In a study by Goretzki et al. [ 29 ], 48 patients 
with planned total thyroidectomy using IONM lost signal during dissection of the 
fi rst lobe. In 26 (55 %) patients, the surgical strategy was changed and the operation 
terminated after the fi rst lobectomy, with completion thyroidectomy performed at a 
later date. For the remaining patients, either a total thyroidectomy with the assis-
tance of a senior surgeon or a smaller bilateral surgery was performed. No patients 
in the delayed group had bilateral nerve injuries compared to 17 % in the nonde-
layed group. 
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 While IONM intermittently assesses the integrity of the RLN, a new method 
using continuous IONM with vagal stimulation has been developed. This could 
potentially allow identifi cation of an impending nerve injury and alert the sur-
geon to alter surgical technique to avoid injury. Early studies have revealed no 
adverse side effects from continuous vagal stimulation [ 30 ,  31 ]. To date, the 
studies evaluating continuous IONM are small, but do appear to identify neural 
changes prior to loss of nerve signal [ 32 ,  33 ]. We eagerly anticipate larger studies 
and further development of this technology to determine if this may be associ-
ated with decreased frequency of RLN injury. Investigations to date have largely 
consisted of adult patients, so application in the pediatric population is still 
under-studied. 

 Although IONM is widely used, there is little uniformity in nerve monitoring 
across centers with regard to technique and the technology/system employed [ 21 ]. 
With the goal of improving the quality of IONM, the multidisciplinary International 
Neural Monitoring Study Group has published guidelines in an effort to standardize 
IONM by providing recommendations for equipment set up, endotracheal tube 
placement, and troubleshooting algorithms for loss of signal. These guidelines 
assert that IONM is safe and not associated with neural injury or cardiac arrhyth-
mias (from vagal stimulation). The International Neural Monitoring Study Group 
[ 21 ] makes its recommendations on evidence-based literature and experience of the 
study group. The guidelines state that neural monitoring should be a component of 
all thyroid surgeries, since technically diffi cult surgeries cannot always be predicted 
preoperatively. Even though IONM provides the greatest benefi t in diffi cult surger-
ies, routine use enhances surgeon familiarity with, and intricate knowledge of, the 
machine setup, as well as interpretation of signals and troubleshooting of the sys-
tem. The German practice guidelines [ 34 ] are based on critical analysis of the litera-
ture and consensus opinion of the multidisciplinary working group. The guidelines 
state that while IONM may be complimentary, it does not replace the gold standard 
of nerve visualization. It can be considered for all thyroid surgery because it may 
facilitate identifi cation of the RLN, assess RLN function at the conclusion of sur-
gery, and avoid bilateral RLN injury. The American Academy of Otolaryngology 
and Head and Neck Surgery (AAOHNS) has recently published guidelines for 
improving voice outcomes after thyroid surgery [ 12 ]. Based on an intermediate 
level of evidence from one randomized controlled trial, observational studies, and a 
preponderance of benefi t over harm, the guidelines state that IONM may be consid-
ered for patients having thyroid surgery due to proven benefi t in RLN identifi cation 
time, complex and remedial cases, and avoidance of bilateral RLN paralysis. 
Accordingly, the guidelines recommend that surgeons may consider IONM for 
bilateral thyroid surgery, remedial thyroid surgery, and surgery in the setting of 
existing RLN paralysis. The guidelines from each of the three groups are different, 
refl ecting differences in interpretation of the quality of the data and inconsistent 
results from published studies. The studies are small and likely underpowered to 
identify small potential incremental benefi t for nerve monitoring. In addition, they 
have been inconsistent in design, in the relative complexity of included cases and 
perceived surgical risk, and surgeon experience, leading to diffi culty in drawing 
fi rm conclusions that are generalizable to a large patient population.  
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21.4     Hemostatic Devices 

 Meticulous hemostasis is essential in thyroidectomy in order to maintain a dry sur-
gical fi eld and avoid an inadvertent injury to the RLN, parathyroid glands, and pre-
vent a postoperative hematoma. Traditionally suture ligation, metal clip placement, 
bipolar cautery, and electrocautery accomplished these goals, but they can be time 
consuming. Over the last 15 years, new hemostatic devices have been developed 
that compliment traditional techniques. The most widely used devices are harmonic 
scalpel (HS) and LigaSure (LS). HS uses high frequency ultrasound energy to coag-
ulate and cut tissue and vessels simultaneously. LS is a modifi ed computer con-
trolled bipolar dissecting and sealing device. 

 Lombardi et al. [ 35 ] conducted a randomized controlled trial of 200 patients 
comparing HS to conventional techniques. The mean operative time was signifi -
cantly shorter by 22 min (30 %) in the HS group ( p  < 0.001). There were no differ-
ences in RLN injury, hypoparathyroidism, or postoperative hematoma between the 
groups. Material costs were higher in the HS group, but this was balanced by higher 
operating room costs in the conventional treatment group, leading to similar overall 
hospital costs. Other studies have reported similar reduction in operative times, but 
confl icting results for other postoperative outcomes, including hypoparathyroidism 
and RLN injury [ 36 ,  37 ]. A meta-analysis comparing HS to conventional techniques 
by Melck et al. [ 38 ] included 9 randomized controlled trials that enrolled 822 
patients. The mean operative time was signifi cantly shorter by 23 min in the HS 
group ( p  < 0.001). Transient hypoparathyroidism was signifi cantly less frequent in 
the HS group (14.5 %) compared to the conventional group (21.5 %),  p  = 0.01. The 
frequency of transient and permanent RLN injury, permanent hypoparathyroidism, 
and postoperative hematoma were similar for HS and conventional treatments. 

 Saint Marc et al. [ 39 ] conducted a randomized controlled trial of 200 patients 
comparing LS to conventional techniques. The mean operative time was signifi -
cantly shorter by 7 min (14 %) in the LS group ( p  < 0.001). There were no differ-
ences in RLN injury, hypoparathyroidism, or postoperative hematoma between the 
groups. A meta-analysis comparing LS to conventional techniques by Yao et al. [ 40 ] 
included four randomized and fi ve nonrandomized trials enrolling 927 patients and 
revealed similar results. The mean operative time for the LS group was signifi cantly 
shorter for total thyroidectomy by 20 min ( p  < 0.05). The frequency of transient or 
permanent hypoparathyroidism, transient or permanent RLN injury, postoperative 
hematoma, and intraoperative blood loss were similar for LS and conventional thy-
roidectomy. A network meta-analysis comparing HS, LS, and conventional hemo-
static techniques by Contin et al. [ 41 ] included 35 randomized controlled trials with 
4, 061 patients. The majority of studies included in the meta-analysis (60 %) were 
performed by experienced surgeons; 6 % of studies were stratifi ed by surgical 
 experience, but the remaining studies (34 %) did not specify surgical experience. 
A matched pairwise meta-analysis was performed for the primary outcome with a 
subgroup analysis performed by surgical experience, type of surgery  (thyroidectomy 
vs. thyroid lobectomy), and study sponsor (investigator vs. industry). The HS and 
LS were associated with signifi cantly reduced operative time compared to conven-
tional techniques, by 22.3 and 13.8 min, respectively ( p  < 0.001). On subgroup 
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analysis, HS and LS were associated with shorter operative times in all groups. In a 
direct comparison, operations with HS compared to LS were reduced by 8.4 min 
( p  = 0.032.). Subgroup analysis revealed LS was slower than HS by 7 min for thy-
roidectomy. Subgroup analysis could not be performed for surgical experience, as 
experienced surgeons performed fi ve of the six studies. HS was associated with a 
slightly lower frequency of transient hypoparathyroidism compared to conventional 
techniques ( p  = 0.025). There were no differences between HS, LS, or conventional 
techniques in the rate of RLN injury, permanent hypoparathyroidism, or postopera-
tive hematoma. The authors note that LS and HS devices have evolved over time, 
and the differences in operative time between the groups may change. Cost was not 
evaluated in this meta-analysis, but has been evaluated in some small individual 
studies. One study compared the cost of HS to conventional techniques for thyroid-
ectomy and found that HS dissection required 20 % less time resulting in 15 % 
lower total hospital fees than with conventional techniques [ 42 ]. Another study 
comparing LS to conventional techniques revealed that thyroidectomy with LS on 
average cost 10 % less than conventional thyroidectomy [ 43 ].  

21.5     Hemostatic Agents 

 There is little data in the literature on the use of hemostatic agents in thyroid sur-
gery. Some of the agents that are available include oxidized cellulose, fi brin, and 
thrombin. They are easy to apply, readily available, and have few side effects, but 
they are not a replacement for meticulous hemostasis. Amit et al. [ 44 ] performed a 
randomized controlled trial of 190 patients comparing Surgicel (oxidized cellulose) 
vs. thyroidectomy without the use of any hemostatic agents. Four patients in the 
Surgicel group developed postoperative hematoma and required surgical explora-
tion for bleeding. No patients in the control group developed hematoma, but the 
difference was not signifi cant. Drain volume (133 ml vs. 93 ml), time to drain 
removal (1.4 vs. 1.9 days), and length of hospital stay (1.8 vs. 2.7 days) were longer 
in the Surgicel group ( p  < 0.001). Multivariate analysis was not performed to evalu-
ate for other possible explanations for the differences in length of hospital stay 
between the groups. They could have included patient demographic, clinical, and 
pathologic characteristics, as well as surgeon-related factors. A randomized con-
trolled trial of 150 patients by Testini et al. [ 45 ] compared Floseal (collagen/throm-
bin agent), Fibrillar (surgicel collagen patch), and conventional surgery. The mean 
operating time was shortest in the Floseal group (105 min) compared to fi brillar 
(122 min) and conventional surgery without utilization of hemostatic agents 
(133 min),  p  = 0.006. Time to drain removal was shorter in the Floseal group, and 
this was associated with shorter hospital stay. There was no difference between the 
groups in the rates of postoperative complications. The frequency of postoperative 
bleeding and hematoma are infrequent in experienced hands. There is a scarcity of 
studies evaluating hemostatic agents, and the studies have been small, leaving them 
underpowered to identify a difference between the study groups. Accordingly, more 
data need to be obtained to evaluate if any hemostatic agents are benefi cial for opti-
mizing patient outcomes following thyroid surgery.  
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    Conclusion 

 New technology is available in the operating room that can be incorporated by 
surgeons to perform thyroidectomy and potentially reduce operative time and 
minimize postoperative complications. The current literature regarding RLN 
IONM does not yet demonstrate that routine monitoring is superior to the “gold 
standard” nerve visualization. The frequency of RLN injury in expert hands is 
very low, and studies have been unable to demonstrate a signifi cant difference in 
long-term patient outcomes. There have been inconsistencies in methodology, 
patient selection, and surgeon experience across studies, which may confound 
comparison of results. Inconsistency in interpretation of the published data is 
refl ected in differences in recommendations across published practice guide-
lines. Guidelines have generally suggested that RLN IONM may be considered, 
but they stop short of asserting that it is necessary or standard of care. Certainly, 
IONM should not be used as a “crutch” for inexperienced surgeons to tackle 
challenging thyroid operations, and it should not be used as a criterion for deter-
mining which surgeons are most able to perform thyroidectomy. More data, par-
ticularly in the arena of cost-effectiveness, are necessary. 

 While the authors do not believe that IONM or hemostatic devices and agents 
must be used during thyroidectomy, we do routinely use them at our institution. 
In our complex endocrine surgery practice of three high-volume surgeons, we 
feel that IONM can speed RLN identifi cation and thereby expedite dissection; it 
is most helpful for diffi cult and remedial cases, and also can assist postopera-
tively when communicating with patients about prognosis of RLN function. If 
signal is lost during lobectomy, it can prevent bilateral RLN injury. We feel that 
if IONM is used, it should be used regularly, since it is critical to be able to 
troubleshoot loss of signal during a case. Hemostatic devices allow us to be more 
effi cient in the operating room, and they are especially useful in our training 
environment, particularly when the fi rst assistant is relatively junior and less able 
to operate effi ciently. 

 While new technologies are helpful, they do not replace meticulous technique 
and attention to detail. In addition, experience of the surgeon as measured by the 
volume of cases performed is clearly associated with enhanced patient outcomes 
[ 17 ,  46 ]. New technologies might enhance, but certainly cannot replace, the eyes 
and skills of a high-volume thyroid surgeon.     
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      How to Avoid and Manage Post- 
operative Complications       

       David     Scott-Coombes    

22.1             Recurrent Laryngeal Nerve/Voice Injury 

22.1.1     Pre-operative Considerations 

 The patient should be aware about the risk to the voice and the consequences of 
such an injury, temporary and/or permanent. It is important that surgeons know their 
own results in order to be able to offer accurate consent. The risk is particularly 
increased in re-operative surgery. Thyroid surgery for extended procedures and 
malignancy also carry a higher risk. It is important to know that the vocal cords are 
functioning prior to surgery by means of laryngoscopy.  

22.1.2     Operation 

 The strategies to identify and preserve the nerves together with intra-operative 
adjuncts are described in earlier chapters.  

22.1.3     Post-operative Management 

 All patients should undergo a post-operative vocal cord inspection. It will allow the 
surgeon to accurately know his/her results. There are a number of reasons why the 
voice might be hoarse after surgery and laryngoscopy will give the surgeon greater 
confi dence in managing hoarseness. The timing of the laryngoscopy is debatable – 
the earlier one looks, the more temporary palsies will be identifi ed. Treatment is 
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divided into management of aspiration and improvement of the voice and patients 
should be managed by an expert in this fi eld in a multidisciplinary setting that 
involves input from speech and language therapists.   

22.2     Haemorrhage/Haematoma 

 Post-operative haemorrhage occurs in about 1 % of all neck operations and can be 
life-threatening. The resulting haematoma compresses local (small) veins in the 
neck that leads to oedema. The oedema most favourably collects in the submucosa 
of the vocal folds (owing to the potential space), which in turn causes the glottis to 
close, and results in an obstructed airway. 

22.2.1     Pre-operative Considerations 

 Anti-platelet medication (aspirin; Clopidogrel) should be stopped at least 7 days 
prior to the date of surgery. Warfarin should be stopped and alternative modes of 
anticoagulation should be adopted according to local protocols. Patients with hyper-
vascular goitre, such as Graves’ disease are theoretically at greater risk, but the 
surgeon must be vigilant to minimize haemorrhage during every neck operation.  

22.2.2     Operation 

 The surgeon should be obsessive about preventing haemorrhage – dissecting in pre-
cise tissue planes and methodically ligating vessels. Whilst there are a number of 
technological aids to haemostasis, there is no evidence that they reduce the risk of 
post-operative bleeding. At the end of surgery, efforts should be made to identify 
any potential venous haemorrhage. This can either be achieved by asking the anaes-
thetist to simulate a valsalva manoeuvre or to place the patient in the head-down 
(Trendelenburg) position. Both of these techniques increase venous pressure and 
seek to reveal previously unidentifi ed sources of haemorrhage [ 1 ]. There is no evi-
dence that insertion of a drain either prevents the development of a haematoma or 
reliably alerts staff to post-operative haemorrhage. 

 When closing the strap muscles, many surgeons leave a space at the inferior 
(caudal) end to allow egress of any bleeding into the superfi cial space and to facili-
tate insertion of a fi nger into the wound to unfasten the strap muscle suture in an 
emergency (see below).  

22.2.3     Post-operative Management 

 The anaesthetist is an important ally. Every attempt should be made to avoid a rise 
in central venous pressure in the early post-operative period – minimizing cough-
ing, vomiting and crying out in pain. Most bleeds occur within the fi rst 2 h of 
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surgery, but there are reports of signifi cant haemorrhage up to and beyond 24 h post 
surgery [ 2 ]. For this reason many surgeons are unwilling to deliver a day-case thy-
roidectomy service [ 3 ]. If day surgery is considered, patient selection is very impor-
tant – taking into account the proximity of the patient’s home to the hospital and the 
presence of a carer who is able to return the patient. 

 Every unit should have a protocol for managing this event and there should be 
regular instruction courses for all members of staff (medical and nursing) (Table  22.1 ). 
Signs of a signifi cant bleed include neck swelling, increased respiratory rate and 
effort followed by stridor and reduced oxygen saturation. The purpose of any inter-
vention is to remedy the airway obstruction at the site of the haematoma. If the anaes-
thetist is on the unit, most effective strategy is to re-intubate and return the patient to 
theatre. In the absence of such skilled staff it is important to remember that the prob-
lem is the haematoma, which should be evacuated. One might try to aspirate the 
haematoma with a wide-bore cannula, but often the haematoma is clotted. The next 
step is to open the wound ‘there and then’ by removing the skin sutures and perhaps 
the sutures to the strap muscles. As soon as the haematoma has been evacuated there 
is an immediate improvement in the airway. At the same time the surgeon and anaes-
thetist should be called and the patient is then returned to theatre to deal with the 
bleeding. Great care must be given to avoiding injury to the recurrent laryngeal 
nerves and parathyroid glands [ 4 ]. Often the site of the bleeding cannot be identifi ed. 
The wound is washed out and closed again – typically with a drain.

22.3         Hypoparathyroidism 

 This results from insuffi cient functioning parathyroid tissue at the end of surgery. In 
the era of targeted parathyroid surgery, it is rarely seen after parathyroidectomy for 
single gland disease. It is also very rare after a hemithyroidectomy suggesting that 
it occurs when three or more parathyroid glands are injured/excised. 

22.3.1     Pre-operative Considerations 

 Making patients aware is very important because hypoparathyroidism is the common-
est complication of bilateral thyroid surgery. It may be temporary or permanent. Rates 
of hypoparathyroidism vary hugely in the literature, partly due to a lack of 

  Table 22.1    Management of 
post-operative haemorrhage  

 1. High fl ow oxygen 

 2. Call for doctor skilled in airway management 

 3. Either 

   (a) Intubate 

   (b) Evacuate haematoma 

    (i) Attempt aspiration with large bore needle/syringe 

    (ii)  Remove skin and strap sutures and manually 
evacuate haematoma 

 4.  Once airway stabilized – return to theatre to explore neck 
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standardization of defi nitions. Outcomes from national audits are probably a better 
refl ection of the true incidence. In Scandinavia 16 % of patients take calcium 6 weeks 
after surgery. In the UK, nearly 30 % are taking calcium at discharge and rates are 
even higher for those with Graves’ disease and those who underwent a central nodal 
dissection. At long-term follow-up between 4 % (Scandinavia) and 7 % (UK) are tak-
ing calcium/Vitamin D at long-term follow-up. These rates are much higher than 
reported series and may be over reporting as patients may be taking Vitamin D or 
calcium for other reasons. Nevertheless this presents a challenge to thyroid surgeons.  

22.3.2     Operation 

 The best approach to post-operative hypoparathyroidism is prevention. Surgical 
technique is of utmost importance whereby the surgeon must make every effort to 
identify the parathyroid glands prior to dissection and ligation of the branches of the 
inferior thyroid artery (see Part   III    ). In circumstances when the blood supply cannot 
be preserved, autotransplantation should be undertaken. This involves excising the 
parathyroid gland, mincing it into 1 mm cubes and either directly placing it in a 
pocket of muscle or making a suspension of parathyroid cells in normal saline and 
then inoculating the fl uid directly into muscle.  

22.3.3     Post-operative Management 

 Hypocalcaemia is the consequence of this complication and is associated with par-
aesthesiae of extremities (face, hands, toes) exacerbated by compression of the 
limbs (such as crossing one’s legs, sitting on the toilet). In profound hypocalcaemia 
patients will suffer with tetany manifest as carpopedal spasm, altered mental state, 
chest pain, bronchospasm and heart failure. In extreme cases there can be seizures 
and cardiac arrhythmia. Physical signs of hypocalcaemia include Chvostek’s and 
Trousseau’s. Whilst the severity of the symptoms often mirrors the degree of hypo-
calcaemia, this is not always the case. 

 All Units should have a written protocol for the management of post-operative 
hypocalcaemia (Table  22.2 ). Essentially this involves prescribing doses of calcium 
and/or Vitamin D titrated against the severity of the hypocalcaemia and symptoms. 
Blood calcium tests should be regularly repeated until a stable state of normocalcae-
mia has been achieved. When intravenous calcium is delivered, it is essential that 
extravasation is avoided and cardiac monitoring is needed to identify arrhythmias.

22.4         Pain 

 Most endocrine neck surgery is tolerated very well by patients and pain is relieved by 
simple analgesics/anti-infl ammatory drugs. Locoregional anaesthesia (See Chap.   12    ) 
provides an excellent adjunct to analgesia and helps to avoid the use of opiates 
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(and their side effects). In addition to the surgical trauma, neck extension can cause 
headaches and arm pain/paraesthesiae. This can be minimized by using a specially 
designed support (Fig.  22.1 ).   

22.5     Wound Complications 

 Wound infection – is a rare complication of (clean) neck surgery. There is no indica-
tion for prophylactic antibiotics. Patients present with the classical symptoms and 
signs of infl ammation. Cellulitis is treated with antibiotics. If there is a deep infec-
tion, injury to the airway should be suspected and may be associated with surgical 
emphysema (see below). In such cases the wound should be explored, drained and 
the trachea inspected. 

   Table 22.2    Management of post-operative hypocalcaemia   

 Plasma calcium 
(corrected) 
 mmol/l (NR: 2.20–2.60)  Symptomatic  Asymptomatic 

 >2.15  Milk  Nil 

 2.00–2.15  Calcichew 1 g  tds   Nil 

 1.90–2.00  Calcichew 1 g  tds  
 1-alfacalcidol 1 μg  od  

 Calcichew 1 g  tds  

 1.80–1.90  Calcichew 1 g  tds  
 1-alfacalcidol 1 μg  bd  

 Calcichew 1 g  tds  
 1-alfacalcidol 1 μg  bd  

 <1.80  Tetany – 10–30 ml i.v. calcium gluconate 
over 10–15 min 
 Repeat blood calcium measurement after 
30 min 

 Calcichew 1 g  tds  
 1-alfacalcidol 1 μg  tds  

   od  once daily,  tds  three times per day,  NB  intravenous calcium should be administered in a well- 
sited large peripheral vein and extravasation should be avoided to prevent tissue necrosis  

  Fig. 22.1    Padded shoulder/
neck/head support for neck 
extension       
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 Hypertrophy and keloid scar – are rare complications. Most neck wounds heal 
with excellent cosmetic outcome especially when the incision is sited in a skin 
crease at least two fi nger-breadths cephalic to the sternal notch. Incisions placed 
nearer to the sternal notch are at risk of hypertrophic healing [ 5 ] (Fig.  22.2 ). Care 
must be taken to avoid excessive stretching of the wound edges (especially in a short 
wound) and inadvertent thermal injury from electrocautery/haemostatic devices. 
Care must be taken when closing the skin to ensure that the edges are accurately 
opposed. Despite these precautions some patients may still develop hypertrophy of 
the wound. This is best managed with the cooperation of dermatologists.   

22.6     Rare Complications 

  Hypothyroidism     This is an inevitable consequence of a total thyroidectomy. 
However, it may occur in up to one-third of patients following hemithyroidectomy 
and should be discussed with the patient prior to surgery. The risk factors for requir-
ing thyroxine are an elevated pre-operative TSH, increasing age and the presence of 
a background thyroiditis [ 6 ,  7 ]. In the absence of any risk factors the rate of hypo-
thyroidism is approximately 3 %. For the management of hypothyroidism – see 
Chap.  24    .  
  Horner’s Syndrome     This arises as a result of dividing the sympathetic trunk, 
which is most at risk during nodal dissection. This injury results in partial ptosis; 
miosis and anhidrosis. Occasionally there may be ipsilateral facial fl ushing due to 
capillary vasodilatation. When suspected, patients should be referred to an ophthal-
mologist. The diagnosis is confi rmed with the application of alpha-agonist apra-
clonidine to both eyes and an increased mydriatic effect is observed on the affected 
side (Fig.  22.3a, b ). Corrective surgery may be indicated if the ptosis is severe.   
  Tracheal Injury     This is a rare complication in thyroid surgery. When identifi ed at 
the time of surgery a primary repair is done with absorbable sutures. In such circum-
stances a drain may be placed and antibiotics prescribed. Occasionally a patient 
may present a few days after surgery. The patient presents with neck swelling and 

  Fig. 22.2    Hypertrophic scar 
positioned close to the sternal 
notch       
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on examination there is surgical emphysema. This can be confi rmed with a plain 
X-ray (Fig.  22.4a, b ). This can be occult or present a few days after primary closure 
of an inadvertent injury closed the clot on the inside of the trachea lifts off and initi-
ates a fi t of coughing which forces air out through a tiny breach in the trachea. This 
is managed by admission for observation, reassurance and antibiotics. This usually 
spontaneously resolves. In severe cases the wound may need to be re-explored, 
lavaged and drained. ENT assistance should be sought.   
  Chylothorax     This develops following injury to the thoracic duct, usually sited on 
the left side of the neck. This complication is most likely to occur during nodal dis-
section. Patients display symptoms of respiratory distress and a chest X-ray will 

a b

  Fig. 22.3    Horner’s syndrome. ( a ) Ptosis and miosis on the left. ( b ) Reactive mydriasis on the left 
after application of alpha agonist       

ba

  Fig. 22.4    ( a ) Swollen neck in a man with tracheal injury following thyroidectomy. ( b ) Surgical 
emphysema on plain X-ray       
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reveal evidence of a pleural effusion. In circumstances when a drain was placed – it 
will reveal a milky discharge. Most patients can be managed conservatively. This 
involves drainage (if a drain has not been placed) and strategies to minimize the 
fl ow of chyle. Non-operative strategies include TPN; octreotide therapy or a short- 
chain fatty acid (very low fat) diet [ 8 ]. Surgery is contemplated on the rare occa-
sions when conservative treatment fails.  
  Tracheomalacia     This is the phenomenon of a weakness in the cartilaginous tra-
cheal wall resulting in collapse of the lumen with consequent loss of airway. It is 
very rarely seen in the western world and is more commonly reported in areas such 
as Asia [ 9 ,  10 ] (most post-thyroidectomy airway problems are due to recurrent 
laryngeal nerve injury). Tracheomalacia is associated with long-standing massive 
goitre often associated with retro sternal extension and tracheal compression 
(Fig.  22.5 ). It can be predicted intra-operatively as the trachea is soft and collapsible 
on palpation. When anticipated, the patient is kept intubated overnight and the 
 endotracheal tube cuff is defl ated the next morning. If there is a good air leak the 
patient can then be extubated. A tracheostomy is performed whenever there is doubt 
about the integrity of the airway.   
  Thyroid Storm     This is a rare and life-threatening complication of thyroid surgery 
in patients with thyrotoxicosis. Patients develop a constellation of symptoms and 
signs secondary to the high circulating levels of free T3 and T4. Prevention is the 
best philosophy and is achieved from ensuring that patients are biochemically 
euthyroid prior to surgery. Antithyroid drugs are the mainstay of treatment and an 
endocrinologist should be involved. When side effects or patient compliance are an 
issue – patients are treated with iodine prior to surgery, with or without  beta- blockers. 

  Fig. 22.5    Coronal CT 
demonstrating pronounced 
tracheal compression       
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Despite these efforts, thyrotoxic storm may arise and is then an emergency with 
mortality as high as 10–50 % [ 11 ] that should be managed in critical care. It is 
important to consider the diagnosis as it may be confused with sepsis. The mainstay 
of treatment is propylthiouracil, beta-blockade and intravenous corticosteroids.   

22.7     Complaints and Litigation 

 Prevention is better than the cure! Prior to surgery there are many opportunities to 
identify problems before they arise. It is important to manage patients’ expectations 
and make them fully aware of the possible complications and their consequences.

   Does the patient use their voice professionally? If so – for what reason and to what 
level? This information may well infl uence a decision about surgery.  

  Is it clear why the thyroid/parathyroid surgery is being offered? Are both doctor and 
patient confi dent that an operation will improve symptoms?  

  Have you told the patient about the risks to the parathyroid glands and the likelihood 
of needing calcium supplements temporarily or permanently?  

  Have you discussed the possibility of needing levothyroxine after a 
hemithyroidectomy?  

  Does the patient understand the lack of precision of imaging and biopsy in the pre- 
operative diagnosis of thyroid cancer?  

  Does the patient understand that not all patients with primary hyperparathyroidism 
are cured at the fi rst attempt – and why?  

  If tracheostomy is a possibility – is the patient aware?    

 Thorough counselling pre-operatively is likely to reduce complaints 
post-operatively.     
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  23      Perioperative Medical Treatment       

       Salvatore     M.     Corsello     ,     Vincenzo     Di     Donna    , 
and     Rosa     Maria     Paragliola   

23.1            Preoperative Medical Management 

 Before proceeding to surgery an accurate evaluation of the patient’s anesthesiologi-
cal risk is necessary and any major medical conditions and risk factors should be 
addressed. 

 Within few days or weeks before a thyroidectomy, at least a dosage of thyroid 
stimulating hormone (TSH) and serum calcium should be performed in order to 
exclude the presence of thyrotoxicosis and identify patients who may have parathy-
roid disease in conjunction with thyroid disease. Preoperative serum calcitonin 
should be obtained for patients with nodular pathology in order to exclude the pres-
ence of a medullary thyroid cancer. If this suspicion is confi rmed, a screening of the 
type 2 multiple endocrine neoplasia (MEN) syndrome is necessary, particularly of 
pheochromocytoma and primary hyperparathyroidism; the analysis for a RET 
proto-oncogene mutation and the possible genetic counseling can also be performed 
after surgery [ 1 ]. 

 A high-quality diagnostic thyroid ultrasound should be performed in all patients 
in order to correctly program the surgical strategy [ 2 ], while further imaging exams 
such as computed tomography (CT) or magnetic nuclear resonance are not routinely 
needed. However, it is important to note that the high iodine load in CT contrast 
may delay the subsequent administration of postoperative radioactive iodine in 
patients with thyroid cancer. 

 If hyperthyroidism or thyrotoxicosis are present, particular attention is needed in 
order to prevent the possibility of the so-called thyroid storm, a rare potentially life- 
threatening condition which usually occurs during surgery or in the fi rst 18 h after 
the procedure. It may be precipitated by the stress of surgery, anesthesia, or thyroid 
manipulation and may be prevented by pretreatment with anti-thyroid drugs and 
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achievement of a functional euthyroidism [ 3 ]. Both anti-thyroid drugs methimazole 
(MMI) or propylthiouracil and beta-adrenergic blockers can be used for such aim. 
After euthyroidism is reached, patients with Graves’ hyperthyroidism may also be 
given inorganic iodine; Lugol’s solution or a saturated solution of potassium iodide 
(SSKI) should be administered. Potassium iodide can be given as 5–7 drops (0.25–
0.35 mL) Lugol’s solution (8 mg iodide/drop) or 1–2 drops (0.05–0.1 mL) SSKI 
(50 mg iodide/drop) three times daily mixed in water or juice for 10 days before 
surgery (Bahn  Thyroid  2011). This treatment induces an involution of the gland and 
decreases its vascularity and intraoperative blood loss during thyroidectomy. The 
iodide should be given only while the patient is under the effect of full doses of the 
antithyroid drug; otherwise, the iodide may permit an exacerbation of the thyrotoxi-
cosis [ 4 ]. Preoperative iodine is less likely to benefi t patients with toxic multinodu-
lar goiter or toxic adenoma, whose thyroid glands tend to be less hypervascular than 
in patients with Graves’ disease. Corticosteroids have been used in conjunction with 
beta-blockers and iopanoic acid to prepare thyrotoxic patients for emergent surgery 
[ 5 ]. Patients who are intolerant or unable to take thionamides should be pretreated 
with beta-adrenergic blockers alone, whereas patients with Graves’ hyperthyroid-
ism can be treated with beta-blockers and iodine too. However, if the problem with 
anti-thyroid drugs is a minor rash or low-grade fever, the drug is continued or a 
change is made to a different thionamide. More severe reactions (severe fever or 
rash, leukopenia, jaundice, or serum sickness) necessitate a withdrawal of thion-
amide with a shift to another form of therapy. When thyroidectomy is indicated in 
amiodarone-induced thyrotoxicosis (AIT) the preoperative management may be 
diffi cult although mandatory. Type 1 AIT (occurring in patients with an underlying 
thyroid pathology such as autonomous nodular goiter or Graves’ disease) is best 
treated with MMI to prevent new hormone synthesis usually adding potassium per-
chlorate (800–1000 mg/day). Type 2 AIT (a destructive thyroiditis that results in 
excess release of preformed T 4  and T 3  into the circulation) is better treated with 
anti-infl ammatory therapy such as prednisone with improvement usually within a 
few weeks. Propranolol or atenolol are the usual drugs used for preparation of 
patients with AIT going to surgery. Antithyroid drugs should be stopped at the time 
of thyroidectomy, and beta-adrenergic blockers should be stopped gradually after 
surgery. 

 In patients affected by primary hyperparathyroidism before proceeding to para-
thyroidectomy, a careful evaluation to exclude MEN1 and MEN2A association 
should be performed. If necessary, patient should be treated preoperatively with 
medical therapy to control hypercalcemia (furosemide, bisphosphonate, corticoste-
roids, cinacalcet).  

23.2     Medical Treatment of Postsurgical Hypothyroidism 

 Postsurgical hypothyroidism is a permanent condition requiring a long-life therapy, 
except for cases of relapsing goiter or hyperthyroidism in patients who underwent 
less than near-total thyroidectomy. The gold standard therapy is L-thyroxine (LT 4 ) 
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monotherapy per os, as for all other causes of hypothyroidism [ 6 ]. In fact, since the 
peripheral conversion of T 4  to biologically active triiodothyronine (T 3 ) was docu-
mented in 1970, T 4  monotherapy has become the mainstay of treating hypothyroid-
ism, replacing desiccated thyroid and other forms of T 4  and T 3  combination therapy 
(Fig.  23.1 ).  

 A number of studies, following observations about the benefi t of T 4  and T 3  com-
bination therapy, have largely failed to confi rm an advantage of this approach to 
improve cognitive or mood outcomes in hypothyroid individuals treated with T 4  
alone [ 7 ]. Furthermore, there is no evidence to support using desiccated thyroid 
hormone in preference to LT 4  monotherapy and therefore it should not be used for 
the treatment of hypothyroidism [ 8 ]. Finally, patients taking dietary supplements 
and nutraceuticals for hypothyroidism should be advised that commercially avail-
able thyroid-enhancing products are not a remedy for hypothyroidism and should be 
counseled about the potential side effects of various preparations, particularly those 
containing iodine or sympathomimetic amines as well as those marked as “thyroid 
support” since they could be adulterated with large amounts of thyroid hormones. 
However, it cannot be excluded that in the future the development of new more 
effective thyroid hormone analogues or new insights about the individual T 4  and T 3  
requirement will modify the therapeutic strategy in some special populations such 
as patients with polymorphisms of type 2 deiodinase. 
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  Fig. 23.1    Historical evolution of treatment of hypothyroidism       
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 Different formulations of LT 4  are currently available and their bioequivalence is 
still debated. In particular there are solid tablets, soft gel capsules, and oral solutions 
in drops or monodose vials. The soft gel capsules, recently available in a wide range 
of strengths, markedly increase the compliance for the patients. Furthermore, liquid 
oral formulations (drops, vials, and more handy soft gel capsules) offer advantages 
in patients with diffi cult swallowing, such as children and elderly patients, and con-
ditions interfering with LT 4  absorption (Table  23.1 ) [ 9 ].

   In fact oral absorption of drugs from solid tablets is dependent upon the release 
of the drug from the formulation, the dissolution of the drug, and the permeability 
of the drug across the gastrointestinal tract. In particular the dissolution is pH sensi-
tive with a higher T 4  dose requirement in patients with higher gastric pH. Soft gel 
capsules containing T 4  dissolved in glycerin show the most consistent dissolution 
pattern and the less pH dependency. This is particularly useful in patients concur-
rently on T 4  and gastric pH altering drugs, such as proton pump inhibitors. 

 It is worthwhile to note that 6–8 weeks after the formulation or brand of LT 4  has 
been changed A check of thyroid function tests is appropriate, because there may be 
subtle differences in bioavailability of T 4  formulations. 

 The current approach to calculate the starting dose of LT 4  after total thyroidec-
tomy is mainly based on the patient’s body weight (BW). In patients who do not 
present with cardiac symptoms or malabsorption, the most common recommended 
starting dose of LT 4  ranges from 1.6 to 1.7 μg/kg/day [ 3 ,  6 ]. Since it is an acute 
hypothyroidism, a gradual titration of the dosage is not needed. However, the mean 
substitutive LT 4  dosage in adults can vary between 1 and 2.2 or more μg/kg per day 
depending on the type of intervention and possible individual malabsorption. These 
values are obviously physiologically greater during childhood. 

 Reaching the optimal LT 4  replacement dose in the shortest time after thyroidec-
tomy is important but also challenging. Indeed, in the literature this time is highly 
variable, ranging from 2 to 120 weeks, with a median of 3.6 months, and only about 
30 % reach the euthyroid state at the fi rst postsurgery follow-up [ 10 ]. This is not 
surprising since it is known that BW is not the only factor which predicts the opti-
mal dose of LT 4 . In fact, several authors suggested the correlation between LT 4  

  Table 23.1    Principal causes 
of altered absorption of LT 4   

 Transient  Different bioequivalence of LT 4  

 Poor compliance 

 Interfering drugs 

  Helicobacter pylori  

 Parasitosis 

 Permanent  Atrophic gastritis 

 Celiac disease 

 Lactose intolerance 

 Infl ammatory bowel diseases 

 Gastroparesis 

 Short bowel syndrome 

 Gastrointestinal surgery 
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requirement and other factors, such as body mass index (BMI) or body surface, 
gender and menopause, age, and disease causing hypothyroidism. The role of these 
variables could be explained by the differences in lean body mass (LBM) [ 11 ] con-
sidering that most metabolic processes, including T 4  and T 3  deiodination, occur 
within this body compartment. Moreover, several authors noted that LBM correlates 
with thyroid and liver size, another important site of T 4  conversion. Weaker evi-
dence supports the independent role of gender, age, and BMI [ 12 – 14 ] that also seem 
to be more likely related to the differences in LBM. However, from a practical point 
of view, an accurate calculation of LBM requires the use of formulas or techniques 
that are not cost-effective in the clinical setting, such as, the dual energy X-ray 
absorptiometry (DEXA). Based on these fi ndings, in the literature few alternative 
methods are described to calculate the LT 4  starting dose after thyroidectomy 
(Table  23.2 ) [ 15 – 17 ]. However, no formula has been shown to have a better predic-
tive value than the classic method based only on the patient’s body weight.

   In a recent study (Di Donna et al.) we readdressed the major predicting factors 
for the LT 4  requirement in order to elaborate a new strategy which could increase 
the accuracy of the LT 4  starting dose after total thyroidectomy. To validate our strat-
egy, we compared it with the different methods currently proposed in the literature. 
In the fi rst part of the study, a retrospective review of 92 patients (retrospective 
cohort) who underwent total thyroidectomy for benign disease and started LT 4  ther-
apy with a starting dose of about 1.6 μg/kg per day approximated to the nearest 
marketed formulation was performed; the results obtained by this retrospective 
analysis were used to formulate a nomogram for the calculation of the LT 4  dosage. 
In the second part of the study, this nomogram was prospectively applied in 31 con-
secutive patients after total thyroidectomy (prospective cohort). In particular, the 
patients in the prospective cohort began treatment with LT 4  with a recommended 
dose calculated by the nomogram and approximating to the nearest marketed for-
mulation. The performance of this new strategy has been subsequently confi rmed 
also in larger clinical records (Corsello S.M., personal data, 2015). 

 Exclusion criteria for both cohorts were: malignancy at histological examination, 
presence of symptoms or signs of malabsorption, assumption of drugs interfering 
with LT 4  absorption within 4 h following the ingestion of LT 4 , suspected poor 

   Table 23.2    Principal strategies proposed in the literature for the prediction of LT 4  requirement 
after total thyroidectomy for benign disease   

 Author  Algorithm or formula 

 Olubowale et al. [ 15 ] 
 Chesterfi eld, UK 

 Weight (kg) 
 <53 
 54–86 
 87–108 
 >108 

 LT 4  dose (μg/day) 
 100 
 125 
 150 
 175 

 Mistry et al. [ 16 ] 
 Hull, UK 

 LT 4  dose (μg/day) = (0.943 × Weight) + (−1.165 × Age) +125.8 
 (simplifi ed) LT 4  dose (μg/day) = Weight – Age + 125 

 Ojomo et al. [ 17 ] 
 Madison, USA 

 LT 4  dose (μg/kg/day) = (− 0.018 × BMI + 2.13) × Weight 
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patient’s compliance or eating or drinking anything, except water within 30 min 
following the assumption of LT 4 , switch of formulation or brand of LT 4 . Inclusion 
criteria for both cohort were: euthyroid state before thyroidectomy, start of LT 4  
therapy within three days after thyroidectomy, use of the solid formulation and 
same brand of LT 4 , check of serum TSH level at 6–8 weeks after thyroidectomy and 
subsequent checks until the achievement of the euthyroidism, showed by a serum 
TSH within the range of 0.4–2.5 μUI/mL. 

 At the fi rst follow-up after 51 ± 16 (mean ± SD) days, only 37 patients in the ret-
rospective cohort were euthyroid (40 %), while 55 required a dose adjustment, 31 
because overdosed (34 %) and 24 because underdosed (26 %). Univariate analysis 
indicated that the strongest correlation with optimal LT 4  starting dose was with 
BW. The other correlations were with BMI, height, age, and preoperative FT 3 . 
Based on these observations from the retrospective cohort, an analysis was per-
formed to determine the optimal daily weight-related LT 4  dose (expressed as μg/kg/
day) in different subgroups based on BMI and age. A univariate analysis revealed 
that the LT 4  dose requirement was inversely related to age and BMI. The compari-
son between the mean values of the optimal LT 4  dose in μg/kg/day in the different 
age and BMI subgroups revealed that this relationship was statistically signifi cant 
for both age and BMI. Finally, the LT 4  dose in μg/kg was calculated in the 9 sub-
groups obtained by the combination of previous age and BMI groups. Optimal dose 
ranged from 1.8 μg/kg/day in patients with lower BMI and younger age to 1.4 μg/
kg/day in patients with higher BMI and older age. 

 Based on these fi ndings a user-friendly nomogram was developed (Fig.  23.2 ) and 
then used in the prospective cohort, in which it allowed at the fi rst post- thyroidectomy 
follow-up (mean ± SD: 50 ± 19 days) to reach the euthyroidism in 21 (68 %) patients, 
while 6 (20 %) were underdosed and 4 (12 %) overdosed. Moreover, at the fi rst 
post-thyroidectomy follow-up, overtreatment occurred in the group of elderly 
patients (age >65 years) in the retrospective cohort in 37 % and in the prospective 
cohort in no elderly patients.  

<23

<40

>55

40–55

>2823–28

1.8

1.7

1.6

1.7

1.6

1.5

1.6

1.5

1.4

BMI

A
G
E

LT4

  Fig. 23.2    Nomogram for the prediction of LT 4  pro kilogram starting dose after total thyroidec-
tomy (Di Donna et al.).  BMI  kg/m 2 ,  age  years,  LT  4   dose  μg/kg/day       
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 An analysis of how the different strategies proposed in the literature would have 
performed in the retrospective cohort showed that most effective of them would 
have predicted the correct LT 4  starting dose only in 38 of our patients (41 %), and 
would have been over-replacing in 40 (43.5 %) and under-replacing in 14 (15.5 %). 

 These data could be explained by the reduction in LBM observed with aging, in 
addition to the increased prevalence of obesity in elderly patients. Indeed the cor-
relation with age remains signifi cant also in the subgroups analysis by BMI. Perhaps 
this correlation could be also explained by a possible reduction of thyroxin metabo-
lism in the older age. In regard to gender no statistical difference between women 
and men was found, while a correlation between height, but not body surface area, 
and the LT 4  optimal dose was reported. The interesting direct correlation between 
the optimal LT 4  dose and the presurgical level of FT 3  could be explained by the cor-
relation between the level of the T 3  thyroidal production and the rate of conversion 
of T 4  to T 3  due to type 1 deiodinase. Also a different sensitivity of thyroid hormones 
receptor could be involved. More studies to investigate this matter are required. 

 Serum TSH (and possibly FT 4 ) should be tested in about 6 weeks after starting 
the replacement therapy. The TSH should be kept in a normal range for patients with 
benign disease, while a suppressive therapy should be considered in patients with 
thyroid cancer depending on prognostic risk. An annual TSH or less is suffi cient 
long-term if patients are well clinically. Since its long half-life (about 1 week), LT 4  
can be started within a week after surgery and it is essential to consider that the 
steady state of TSH and FT 4  is reached after at least 6 weeks and this is the mini-
mum interval after which to evaluate the effect of changes in dosage. The dosage of 
thyroid hormones and TSH must be performed at fasting in the morning and before 
to assume LT 4 , because it can increase FT 4  levels also of 20 % about 3 h after 
assumption and they can remain higher for about 9 h [ 18 ]. In special populations, 
such as elderly patients, pregnant women, patients with heart disease, assuming 
dugs interfering with LT 4  kinetics, undergoing major surgical interventions, poorly 
compliant, affected by conditions reducing LT 4  absorption, and patients with thy-
roid cancer, a targeted therapy performed by an expert endocrinologist is essential 
in order to avoid signifi cant oscillations of serum levels of thyroid hormones able to 
worsen the patient’s outcome. 

 Finally, it is essential to assume correctly the LT 4  therapy, preferably in the morn-
ing, at least half an hour before coffee and breakfast, particularly if rich in soy or 
fi ber, and 4–6 h after possible interfering drugs. Also assumption in the evening 
before sleep and 2 h after last meal is possible, but this approach is less used in clini-
cal practice [ 19 ].  

23.3     Medical Treatment of Postsurgical Hypoparathyroidism 

 Hypocalcemia represents a common problem after parathyroidectomy and may 
be present after thyroidectomy. The reduction of serum calcium is due to hypopara-
thyroidism, with consequent reduction in bone reabsorption, increased calcium 
infl ow into bone, increased calcium excretion, and decreased intestinal calcium 
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absorption caused by reduced parathyroid hormone (PTH)-mediated renal 
1,25- dihydroxycholecalciferol [1,25(OH) 2 D] synthesis [ 20 ]. Hypoparathyroidism 
represents the most common complication of thyroid surgery, occurring transiently 
or permanently in 8.3 and 1.7 % of cases respectively [ 21 ]. 

 Permanent hypoparathyroidism, defi ned as continuing need of replacement ther-
apy 6 months after surgery, is an important tool for endocrinologist and it is more 
common when the goiter is extensive and anatomic landmarks are displaced and 
obscured. Standard treatment, based on oral calcium and vitamin D supplementa-
tion, should normalize serum calcium avoiding side effects such as nephrocalcino-
sis and nephrolithiasis. 

 Many authors have studied how to predict postsurgical hypocalcemia. 
Traditionally, the prediction of hypocalcemia is based on the evaluation after thy-
roidectomy of serum calcium trends every 6–12 h for 24–48 h, after which levels 
generally plateau [ 22 ]; serum calcium values that suggest treating postsurgical 
hypocalcemia are under 8 mg/dl [ 23 ]. For this reason, patients have to be observed 
for this period before they can be discharged in order to prevent development of 
hypocalcemia at home. Postoperative serum calcium less than 7.6 mg/dl on day 1 
after thyroidectomy has 95 % specifi city in predicting hypocalcemia [ 24 ]. Several 
studies have demonstrated that also PTH assay, performed after completing surgery, 
is an excellent predictor for the risk of hypocalcemia [ 25 ] and multiple algorithms 
have been offered. In the past, intraoperative PTH monitoring at 5, 10, and 20 min 
after the excision was proposed as useful to identify patients who will require post-
operative calcium supplementation following thyroidectomy [ 26 ]. Other authors 
proposed that a PTH levels reduction of 65 % 6 h after thyroidectomy compared 
with preoperative values, shows sensitivity and specifi city of 96.4 and 91.4 % 
respectively to predict postoperative hypocalcemia [ 27 ]. Specifi city and sensibility 
of 100 % can be reached considering a decrease in PTH of 60 %, coupled with a 
simultaneous decrease in calcium of 10 %, 5–6 h postoperatively [ 28 ]. An unmea-
surable PTH one day after surgery (<6.6 pg/ml) predicts a high risk to develop 
permanent hypoparathyroidism [ 29 ]. Recently, also the use of quick-intraoperative 
intact PTH (QiPTH) performed 15 min after total thyroidectomy (QiPTH 15) has 
been considered. QiPTH 15 > 15 pg/ml should be able to exclude a postoperative 
hypoparathyroidism, even if about 30 % of these patients develop transient and mild 
hypocalcemia within the fi rst postoperative 18 h [ 30 ]. 

 The development of hypocalcemia after thyroid surgery can be dependent on 
several factors. Hyperthyroidism has been shown to have signifi cant effect on bone 
turn over even after restoring euthyroidism [ 31 ]. In fact, patients with Graves’ dis-
ease have a dysregulation in calcium homeostasis, because they present lower post-
operative serum calcium compared with patients with multinodular goiter, lower 
calcium/PTH set point, and a signifi cantly increased release of PTH to hypocalce-
mic stimulus compared with controls [ 32 ]. In the fi rst 24 h after total thyroidectomy 
for hyperthyroidism, transient biochemical hypocalcemia is common, occurring in 
60 to 90% of patients [ 33 – 36 ]. Longer period of Graves’ disease and low vitamin D 
levels represent additional factors contributing to hypocalcemia [ 37 ]. The role of 
vitamin D concentration in affecting calcium kinetics after thyroidectomy is still 
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debated. In fact, it has been shown that low vitamin D levels are associated with 
28-fold increase in chances of post total thyroidectomy clinically signifi cant hypo-
calcemia [ 38 ]. On the other hand, some authors exclude that preoperative 
25-hydroxycholecalciferol status signifi cantly affects the overall perioperative cal-
cium kinetics [ 39 ]. Elderly patients have signifi cant risk factor for postoperative 
hypocalcemia [ 38 ], probably because of decreased intestinal calcium absorption, 
decreased renal 1α hydroxylation, and decreased cutaneous synthesis of vitamin 
D. Finally, transient hypoparathyroidism occurs in up to 20 % of patients after sur-
gery for thyroid cancer [ 40 ]. 

 Hypocalcemia, evaluated after correction for albumin values, may be associated 
with a wide fi eld of clinical manifestation, ranging from no or few symptoms 
(cramps, paresthesia) if hypocalcemia is mild or chronic, to severe life-threatening 
conditions in case of severe or acute hypocalcemia. In particular, the severity of 
related symptoms (paresthesias, spasm, tetany, seizures) and signs (Chvostek’s or 
Trousseau’s signs, impaired cardiac contractility, prolonged QT interval) depends 
upon both the absolute level of calcium and the rate of decrease. Postsurgical hypo-
calcemia developing within few hours or few days after surgery (“acute” hypocal-
cemia), represents a condition in which serum calcium abruptly decreases starting 
from a condition of normocalcemia or hypercalcemia (primary hyperparathyroid-
ism). For this reason, patients with acute hypocalcemia will be symptomatic at 
serum calcium values that would not cause symptoms in patients with chronic 
hypocalcemia. 

 In patients with acute and symptomatic hypocalcemia, intravenous calcium glu-
conate therapy will be required, while chronic or mild hypocalcemia can be treated 
with oral vitamin D and/or oral calcium. Calcitriol (1,25-dihydroxyvitamin D), 
which is the most active metabolite of vitamin D, is the most used in hypoparathy-
roidism because PTH should be requested for the renal conversion of calcidiol 
(25-hydroxyvitamin D) to the active metabolite calcitriol. It has a rapid onset of 
action (hours), and a biologic half-life of about 4–6 h. However, only few studies 
evaluated the optimal therapy of hypocalcemia and recommendations are often 
based on clinical experience. 

 Neuromuscular irritability with hypocalcemia requires prompt management in 
hospital and treatment with intravenous calcium. In particular, for symptomatic 
patients presenting with carpopedal spasm, tetany, seizures, ECG alterations and for 
asymptomatic patients with an acute decrease in serum corrected calcium to 
≤7.5 mg/dL, intravenous calcium therapy is recommended [ 41 ]. The preferred form 
of intravenous calcium is calcium gluconate, because calcium chloride can cause 
local irritation [ 42 ]. One or two 10 ml vials of 10 % calcium gluconate (equivalent 
to 90–180 mg elemental calcium) should be diluted in 50–100 ml of 5 % dextrose 
and infused slowly over 10 min [ 43 ]. Electrocardiographic monitoring is recom-
mended because dysrhythmias can occur in case of too rapid modifi cation of serum 
calcium values. This treatment can be repeated until symptoms have cleared and 
often continuous administration of calcium may be needed to prevent recurrence of 
hypocalcemia. Patients should also receive oral calcium supplements and calcitriol  
[ 42 ]. The goal of the therapy is to maintain serum calcium at the lower end of the 
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reference range (8 mg/dl). This can be obtained by administering ten 10 ml vials of 
10 % calcium gluconate (equivalent to 900 mg of elemental calcium) in 1 l of 5 % 
dextrose or 0.9 % saline at an initial infusion rate of 50 ml/h. It is important to con-
sider that calcium must be diluted in dextrose or saline to avoid vein irritation and 
that intravenous solution should not contain bicarbonate or phosphate, because they 
can form insoluble calcium salts [ 42 ]. Intravenous calcium should be continued 
until the patient is receiving an effective regimen of oral calcium and vitamin 
D. Moreover, concurrent hypomagnesemia can worse hypocalcemia, by inducing a 
resistance to PTH action and reducing its secretion. For this reason, if hypomagne-
semia occurs, magnesium repletion must be considered. Persistent hypomagnese-
mia requires oral supplementation (300–400 mg day). 

 Patients with symptomatic hypocalcemia or a serum calcium concentration 
below 7.8 mg/dL should be treated with calcitriol 0.5 mcg twice daily and oral 
 calcium 500 mg four times daily. The matter about the utility of a routine supple-
mentation therapy with oral calcium and vitamin D in preventing symptomatic post-
surgical hypocalcemia and allowing for a safe early discharge [ 44 ] has been 
confi rmed by several studies, recently revised in a systematic review and meta- 
analysis [ 45 ]. However, there are also questions of whether prophylactic therapy 
should be considered. Recently, an algorithm for a selective supplementation proto-
col based on both postoperative PTH 4 h (4 h PTH) after total thyroidectomy and 
serum calcium levels in the fi rst postoperative day (1 PO Ca) [ 46 ] has been offered. 
Authors proposed:

•    to avoid treatment in patients with 4 h-PTH >10 pg/ml and 1PO-Ca ≥8.5 mg/dl  
•   to treat patients with 4 h-PTH >10 pg/ml and 1PO-Ca <8.5 mg/dl with oral cal-

cium (3 g/day)  
•   to treat patients with 4 h-PTH <10 pg/ml and 1PO-Ca <8.5 mg/dl with oral cal-

cium (3 g/day) and oral calcitriol (1 mcg/day)    

 This supplementation protocol is able to prevent symptomatic hypocalcemia and 
to avoid frequent evaluation of serum calcium concentration. Moreover, in patients 
with normal PTH and only subnormal serum calcium levels, treatment with oral 
calcium has been discontinued within 1 month, while after about 1 year of follow-
 up, only 8 % of patients with subnormal PTH and calcium were still in treatment. 
However, if calcitriol and oral calcium cannot be tapered until their discontinuation 
into few weeks, the hypoparathyroidism may be permanent. It is important to under-
line that long-term management of postsurgical hypoparathyroidism requires the 
addition of calcitriol, because of calcium alone can be often only transiently 
effective. 

 The aim of therapy in patients with permanent hypoparathyroidism is to relieve 
symptoms and to raise and maintain the serum calcium concentration in the low- 
normal range (8.0–8.5 mg/dl). This cut off can avoid the development of hypercal-
ciuria due to the loss of renal calcium retaining effects of PTH [ 47 ]. The initial dose 
of oral calcium should be 1.0–1.5 g of elemental calcium daily [ 48 ]. The percentage 
of element content of the most used calcium salt forms is reported in Table  23.3 .
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   Although calcium carbonate is more often used, it may be less absorbed in older 
patients and those who have achlorhydria, who can be treated with another prepara-
tion, such as calcium citrate or calcium acetate. In fact, calcium carbonate dissolves 
only at an acid pH, and in patients with advanced renal failure or achlorhydria or 
taking H 2 -blockers may be less adsorbed. Calcium citrate and mainly calcium ace-
tate, on the contrary are soluble in both acid and alkaline environments. 

 Among all vitamin D formulations (Table  23.4 ), calcitriol is considered the 
treatment of choice [ 48 ]. In fact it acts more rapidly (hours) and the duration of 
action is short, allowing an easier management of a possible hypercalcemia due to 
overdosage. It can be administered starting from 0.25 mcg twice daily, with dose 
increments to achieve a low-normal serum calcium. Many patients require up to 
2 mcg daily. The major side effects of calcitriol are risk of hypercalcemia and 
chronic hypercalciuria, the latter causing nephrolithiasis, nephrocalcinosis, and 
renal failure [ 49 ]. Hypercalciuria is the fi rst sign of toxicity and can develop even 
in the absence of hypercalcemia. This is the reason why both serum and urinary 
calcium should be measured frequently (2-week intervals) initially and then every 
6 months to 1 year once a stable dose is achieved. Calciuria should be maintained 
below 300 mg/day.

   Replacement therapy with PTH is a viable option, as it corrects hypercalciuria 
and potentially reduces the risk of nephrocalcinosis, nephrolithiasis, and renal 
insuffi ciency. However, the long-term safety of PTH has not been established. 

 Patients affected by primary hyperparathyroidism undergoing parathyroidec-
tomy have a rapid serum calcium fall after successful surgery. Postsurgical hypocal-
cemia is generally transient because normal parathyroid tissue recovers its function 
quickly (usually within 1 week). On the other hand, the persistence of hypocalcemia 
after parathyroidectomy can be due to intentional or accidental removal of all 
 parathyroid glands, devascularization or trauma to residual parathyroid glands, but 
also to long-term suppression of residual non-pathological parathyroid glands by 
the previous excess of inappropriately secreted PTH. This phenomenon, called 
“hungry bone syndrome” [ 50 ], is defi ned as a prolonged (longer than 4th day 

   Table 23.3    Percentage of elemental calcium content of the most used calcium salt forms   

 Salt 
 Element 
content (%) 

 Element 
content (1 g) 

 Milligrams of salt needed in order to obtain 
1 g of elementary calcium (approximately) 

 Calcium 
carbonate 

 40  400 mg  2500 

 Calcium 
phosphate 

 38  380 mg  2600 

 Calcium chloride  27  273 mg  3700 

 Calcium acetate  25  253 mg  4000 

 Calcium citrate  21  211 mg  4800 

 Calcium lactate  13  130 mg  770 

 Calcium 
gluconate 

 9  93 mg  11,100 

  Modifi ed from: Maeda et al. [ 55 ]  
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postoperatively) hypocalcemia (serum calcium <8.4 mg/dl) following parathyroid-
ectomy for severe hyperparathyroidism. In addition to reduced serum calcium, also 
reduced serum phosphate and increased serum potassium levels can be observed. 
Moreover, the hypomagnesemia can contribute to the development of refractory 
hypocalcemia inducing a reduced PTH secretion and PTH resistance. 

 The syndrome most often occurs in patients who have developed a presurgical 
bone disease due to a chronic increase in bone reabsorption induced by high levels 
of PTH (osteitis fi brosa and/or “brown tumors”) [ 50 ]. This phenomenon is probably 
due to the great increase of calcium usage by skeleton, occurring as result of removal 
of high PTH levels on bone, with arrest of bone reabsorption and rise of bone forma-
tion. Hungry bone syndrome has also been reported after thyroidectomy in patients 
affected by hyperthyroidism, because of the increase of bone turnover induced by 
thyroid hormone excess. 

 Risk factors associated to the development of hungry bone syndrome after para-
thyroidectomy are the volume of resected parathyroid adenoma, the preoperative 
blood urea nitrogen concentration, preoperative alkaline phosphatase concentration 
and older age, while preoperative serum calcium and PTH levels do not have predic-
tive value [ 50 ]. A possible association between low preoperative vitamin D status 
and hungry bone syndrome has been proposed [ 51 ] while the causal relationship 
between preoperative treatment of hypercalcemia with bisphosphonate and hungry 
bone syndrome is still debated [ 52 – 54 ]. Therapy of hungry bone syndrome is aimed 
to correct hypocalcemia. Oral calcium supplementation (2–4 g of elemental calcium 
per day) should be started as soon as the patient is able to swallow. Calcium should 
be administered between meals to maximize intestinal absorption and minimize 
phosphate binding. Intravenous calcium is required in cases of rapid and progressive 
reduction in serum calcium or symptoms related to hypocalcemia (tetany, seizures, 
cardiac arrhythmias, laryngeal spasm) or if total serum calcium is below 7.5 mg/
dL. Vitamin D supplementation is also useful. Even if there are no studies comparing 
the effi cacy of intravenous vs. oral calcitriol administration, it is a common practice 
to administer calcitriol intravenously at increased doses. Once the serum calcium has 
stabilized at a safe concentration, intravenous therapy can be switched to oral cal-
citriol. Oral calcitriol should in turn be continued until the serum calcium normaliza-
tion. Another method of correcting the hypocalcemia is dialysis. The administration 
of phosphate for hypophosphatemia is generally avoided in hungry bone syndrome 
(unless in cases of extremely low serum phosphate concentrations) because phos-
phate can combine with calcium reducing plasma calcium concentration.     

   Table 23.4    Vitamin D preparations for treatment of hypocalcemia   

 Name  Daily dose  Time for normocalcemia  Duration of action 

 Vitamin D 2  (Ergocalciferol)  400 units  4–8 weeks  2–6 months 

 Vitamin D 3  (Cholecalciferol)  400 units  4–8 weeks  2–6 months 

 25(OH)D 3  (Calcidiol)  1–5 mcg  2–5 weeks  1–2 months 

 1,25(OH  2 )D 3  (Calcitriol)  0.25–0.5 mcg  2–5 days  1–2 days 

  From Endotext:   http://www.endotext.org/chapter/hypocalcemia-diagnosis-and-treatment/      
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  24      Patient Counselling and Patients’ 
Involvement in Health Policy       

       Dominique     Van     Doorne       and     Moreno     Busolin   

24.1            For Physicians 

 The relationship between doctors and patients in 2014 is a matter that raises several 
complex and intriguing issues. The interaction between health care providers, phy-
sicians, patients, care givers, pharmaceutical and device companies solicits the 
attention of both public and private stakeholders. Opinions and recommendations 
coming from different parties should not be considered as an undesired interference 
but as a possible dialogue between stakeholders with increased transparency. 

24.1.1     Informed Patients 

 Patients can gather medical information through books and specialized journals; 
they can follow TV and radio programmes, but what makes the difference with the 
early 1990s is the Internet. In matter of seconds they can receive a comprehensive 
picture regarding the specifi c illness, the potential remedies (drugs and/or surgery), 
the most specialized medical centres and who are the most skilled physicians. Of 
course, all information should be accurately verifi ed but, in general, patients do not 
have the scientifi c know-how to discriminate good from bad quality information. 
When you search for “thyroid” on the web, you can get up to 41,700,000 results in 
0.18 s! The amount of information is unmanageable by patients and therefore, most 
of the time the attention is focused on the fi rst results where reliable sources can be 
found (such as Wikipedia and websites managed by scientifi c organizations or 
patients organizations) but also other less neutral sources, often sponsored by profi t 
stakeholders. 
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 How to cope with Internet-informed patients is a new challenge for physicians. 
More than 30 years ago most patients would solely trust their doctor and had no 
choice (little medical information and no travelling possibilities). They would never 
question medical issues and would just “let it be” or “cross fi ngers” or “pray God”. 
Nowadays patients want to know more about the disease and its symptoms. They 
appreciate doctors willing to explain the treatment options and the expected effects 
and side effects. Sometimes they match the information coming from their doctor 
with the web. 

 The 2012 annual report of the European Patients Forum states that: “An effective 
empowerment strategy starts with promoting health literacy. This will equip patients 
with the knowledge and skills needed to take an active role in managing their health. 
It will help patients to get better information from health professionals to drive bet-
ter and more cost-effective health outcomes. EPF believes that there is a need for a 
strategy on information to patients at EU level. High quality information on health, 
diseases and therapy options is vital to patient safety and empowerment” 

 More than ever it is crucial to take the time to give correct, transparent, patient- 
adapted explanations that reinforce the patient’s confi dence and empower the 
patient-doctor relationship. 

 Informed patients are more responsible and compliant with treatment and physi-
cian’s advice therefore ultimately leading to improved health outcomes, quality of 
life and patient satisfaction.

  Most medical liability lawsuits are not about bad medicine; they are about poor communi-
cation and strained interpersonal relationship. A strong doctor-patient relationship, exem-
plifi ed by the physician’s presence to explain the proposed procedure and to answer 
pertinent questions, can be key in avoiding medical-legal issues [ 1 ]. 

   Yet, doctor-patient communication is far from being good: in 2000 Britten et al. 
[ 2 ] identifi ed 14 categories of misunderstanding, including: patient information 
unknown to the doctor (and vice versa); confl icting information given by different 
doctors and failures to communicate the reasons behind doctors’ decision making in 
20 general practices in England. 

 A complication issue may defi nitely compromise the patient trust if there is a 
lack of communication. The patients can understand complications but they cannot 
accept negligence, misinformation and refusal of discussion. 

 On the other hand, pressure on surgeons is very high, strained between patients’ 
needs and counselling, surgical quality, error managing, lawsuits, defensive medi-
cine and last but not least, spending reviews. 

 Patients’ awareness has grown and the contingency of suing doctors is much 
higher and this is also affecting the health care system, given that the so-called 
defensive medicine is a bad practice for everybody: doctors look at patients as 
potential plaintiffs, health care costs are rising given the insurance premiums and 
over-treatment, while over-treatment and over-diagnosis are not the best care for the 
patient. In a US physicians’ survey by Jackson Healthcare, 75 % of doctors say that 
they order more tests, procedures and medicines than are medically necessary in an 
attempt to avoid lawsuits. “Defensive medicine and the broken malpractice system 
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are two of the major reasons that healthcare costs are soaring out of control” state 
Hal Scherz, MD and Wayne Oliver (Forbes 2013). 

 A no blame administrative compensation system is proposed by different patient- 
led non-profi t organizations like “Patients for Fair Compensation”.   

24.2     Informed Consent 

 Before surgery or any invasive alternative or any new technology procedure, an 
“informed consent” has to be signed by the patient proving he has received the 
correct information from his physician. It has been a long journey starting last 
century, when Judge Benjamin Cardoso (1914, New York Appeal Court) noted 
that “every human being has a right to decide what shall be done with his or her 
body”, thus establishing the concept of consent, where the patient has the right 
to accept or refuse treatment. In 1955, two cases arose where physicians had 
the duty to disclose potential surgical risks to patients: therefore, the concept 
of informed consent was established, requiring that patients freely consent to 
treatment and were fully informed about procedure’s risk, benefits and alterna-
tives. In the following years, informed consent has become “the process by 
which the treating health care provider discloses appropriate information to a 
competent patient so that the patient may make a voluntary choice to accept or 
refuse treatment” [ 3 ]. 

 This defi nition of informed consent says that we are facing a kind of contract 
where the two parties sign an agreement based on appropriate information and 
patient’s competency. 

 The appropriate information includes the following:

•    The nature of the medical treatment and procedure  
•   Possible alternatives to the proposed intervention  
•   The risks, benefi ts and uncertainties related to each procedure  
•   Assessment of patient understanding  
•   The acceptance of the intervention by the patient [ 4 ]    

 Informed consents are written by doctors, which is questionable: patient advo-
cates and physicians could work towards a better and friendlier informed consent 
with less medical jargon [ 5 ]. Patient advocates should be involved because they are 
more informed than doctors, not only to what the patient needs to know, but how he 
wants it to be explained and ultimately written. 

24.2.1     New Technology and Innovative Surgical Treatments 

 Patient–physician communication is extremely important when a new surgical tech-
nique is proposed: more than ever the patient has to trust his doctor and feel 
confi dent. 
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 The surgeon and the patient are both taking a higher risk compared to a well 
assessed surgical procedure because little data exist on effi cacy and safety of the 
new procedure. 

 The clinical trials for new medicines guarantees a certain control by a third party, 
the ethic committee, while there is no such system when a new surgical procedure 
is adopted. 

 Who establishes the correct amount of risk to take? Ethic committees are involved 
only when a new technology is to be applied. Assessing the risk-benefi t profi le of 
innovative medicines and new technologies in western countries is a long and dif-
fi cult process that may hinder pharmaceutical and surgical device companies from 
developing new technologies or medicines. Most of the new technologies are fi rst 
being tested on patients in South America and Asia. Those small clinical data col-
lected, together with the animal and laboratory data will be an essential part of 
documents forwarded to the western health regulating authorities for approval. 
Indeed our western approval system for new technologies needs to be questioned for 
ethical issues and discussed with all stakeholders involved. We may consider put-
ting in place a patient and consumer working group for new medical devices as 
stated by the European Patients Forum: “Patients’ unique perspective on the risks- 
benefi ts balance needs to be taken into account.”  

24.2.2     Patients Organizations and Patients Advocates Role 
in Health Care Decision-Making Process 

 The International Alliance for Patients Organizations IAPO states that “Healthcare 
policy decisions, at whatever level they are made, will ultimately affect patients’ 
lives. Therefore patients have a moral and ethical right to play a meaningful role in 
developing health care policies. Engaging patients in health policy decision-making 
helps to ensure that policies refl ect patient and caregiver needs, preferences and 
capabilities, making it an appropriate and cost-effective way to address the needs of 
the growing number of people with chronic conditions. But the infl uence of patient 
involvement and the impact of the patients’ voice on policy-making can be restricted 
by numerous factors including practical and fi nancial structures, differing knowl-
edge bases, cultural barriers and personal attitudes”. 

 To address some of these problems, EUPATI (European Patients’ Academy on 
Therapeutic Innovation), was launched in February 2012 to increase the capabilities 
of patients and patient organizations to be effective advocates and advisors when 
new medicines are being developed. EUPATI will develop and disseminate objec-
tive, credible, correct and up-to-date public information about medicines research 
and development for the lay public. The Patients’ Academy will build experts among 
patient advocates by administering them a full certifi cate training programme, and 
will also enhance competencies among patients and the public by creating a web 
educational toolbox and a public library on medicines R&D on the Internet. EUPATI 
will furthermore facilitate patient involvement by partnering up with academia, 
authorities, industries and ethics committees and through the creation of good 
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practice guidelines. The educational modules will focus on the following areas: 
medicines development process from research to approval; personalized and predic-
tive medicine; safety and risk/benefi t assessment of medicines; pharmaco- 
economics, health economics and health technology assessment; design and 
objectives of clinical trials, including involved stakeholders; patients’ roles and 
responsibilities in medicines development. 

 This project represents a paradigm shift in empowering patients in medicines 
R&D. 

 Patients should also be involved in any health care innovation process, health- 
related policy, systems and delivery decisions to ensure that resources are invested 
in the right areas and properly address the needs of patients.   

24.3     For Patients 

24.3.1     Some Hints for Patients to Retrieve Correct Information 
from the Internet 

 In a few seconds you can get a comprehensive picture about any illness and poten-
tial remedies (drugs and/or surgery) on the web. When you open the web searching 
for “thyroid nodules” you get 1,830,000 results in 0.36 s. You can fi nd some good 
and reliable information or you can end up in some strange or unreliable sites. So, 
what to do? You open the fi rst webpages appearing on the screen?  

24.3.2     How Can I Check the Quality of the Information I Find 
on the Web? 

 Here are a few recommendations to follow when searching for medical information 
on the web. Check the transparency and motivation of the webpage creators. Here 
are some useful hints once you enter the webpage:

    1.     Click on the “about us” button. This will give you an idea of who is writing the 
information on the webpage and why:
 –    Is it a scientifi c society with a patient dedicated page?  
 –   Is it a university or a hospital or a clinic?  
 –   Is it Wikipedia?  
 –   Is it a patients’ organization with a scientifi c committee?  
 –   Is it a patients’ organization with no scientifi c committee?  
 –   Is it a single doctor webpage for his own promotion?  
 –   Is it a pharma industry sponsored webpage?  
 –   Is it a web forum or a personal blog?        

 The fi rst four possibilities are usually more reliable because they are written by 
a group of health care professionals. The others are less neutral sources because 
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their purpose is to promote profi t stakeholders like single doctors or pharma indus-
try but this does not mean the information is incorrect. 

 It is safe to compare different sources in order to obtain more reliable 
information.  

24.3.3     How Can I Choose my Surgeon? 

 Obviously the experience of the surgeon is very important. Many studies suggest 
that surgical outcomes tend to be better when the surgeon performs a high number 
of operations each year (called surgical volume). The minimum surgical volume to 
consider a surgeon as a thyroid expert has not yet been determined but most agree 
that 50 thyroidectomies per year is the minimum number and more than 100 would 
be much better. We can say the same for the operating room nurses and staff. You 
may feel uncomfortable asking a surgeon about his surgical volume but surgeons 
are used to it, so don’t hesitate! 

 This is even more important when a new alternative technology is suggested. You 
need to make sure that you are treated in a thyroid specialized centre with highly 
qualifi ed thyroid experts. 

 Another important concern is about hospital rankings. Patients choose doctors not 
only on the basis of their experience and capabilities but also on the hospital reputation.  

24.3.4     Alternative Options for Benign Nodule Treatment 

 Most thyroid nodules are discovered incidentally during other imaging exams, like 
carotid ultrasound. Luckily most of them are benign and will never cause symp-
toms, requiring a simple yearly follow-up. Nodule characteristics at ultrasound help 
your endocrinologist decide which nodule needs a fi ne needle aspiration (FNA) to 
determine whether the nodule is benign or malignant. All malignant nodules need 
surgery. Asymptomatic benign nodules usually do not have to be removed except in 
certain circumstances:

•    Large nodules compressing nearby organs like the windpipe, the oesophagus or 
the nerve that controls the vocal cords and causing symptoms like breathing dif-
fi culty, swallowing problems or hoarseness.  

•   Large nodules responsible for an excess of thyroid hormone production (hyper-
functioning nodules) have to be removed, while small hyperfunctioning nodules 
can be “burned” with radioactive iodine and do not need to be removed.    

 Although thyroid surgery is considered by most doctors a simple procedure, the 
concern of temporary or permanent complications, and the effect on quality of life, 
however, remains relevant. 

 Therefore, various minimally invasive treatments, directed towards offi ce-based 
management of symptomatic nodules, without requiring general anaesthesia, and 
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with negligible damage to the skin and cervical tissues, have been proposed during 
the past two decades. 

 Today, ultrasound-guided percutaneous ethanol injection for large relapsing thy-
roid cysts is a well-established, safe and effective alternative to surgery. The cyst 
liquid is fi rst aspirated and examined to exclude rare cancerous thyroid cysts. In 
case of cyst relapse the liquid is again aspirated and ethanol is injected into the cyst 
to “dry” the cyst’s walls. Ultrasound-guided percutaneous ethanol injection is now 
considered the fi rst choice treatment for large relapsing cysts because the effi cacy 
rate, considered as a volume decrease of at least 50 % of the volume, is around 90 % 
with one or multiple ethanol injections and the complications rate is very low. Major 
complications are exceptional and most are temporary (transient vocal cord palsy). 
As the volume shrinkage induced is maintained over a prolonged period of time, 
treatment with ethanol should be considered the most cost-effective approach to 
benign thyroid cysts that recur after aspiration. Ultrasound-guided percutaneous 
ethanol injection is not a safe option for solid nodules because ethanol leakage in 
adjacent cervical soft tissues may cause a vocal cord nerve palsy with hoarseness, 
severe cervical pain and cervical tissue fi brosis (fi rm scar tissue). 

 Thermal ablation with laser or radiofrequency may represent a valid alternative 
to surgery for growing benign solid nodules. Specialized centres have now been 
treating quite a large number of patients for whom general anaesthesia or surgery 
were contraindicated. Trained operators may safely induce, with a single session of 
laser or radiofrequency ablation, a 50 % volume decrease and, in parallel, improve 
local symptoms. These outcomes seem stable for a prolonged period. Side effects 
and complications in less than 3 % of patients have been described, such as vocal 
cord palsy, cervical haematoma, nodule rupture and skin burns. It is then essential 
to choose a specialized centre with skilled operators.  

24.3.5     Thyroid Surgery 

 Because laser or radiofrequency ablation techniques are still considered as innova-
tive technologies to be performed only by highly specialized centres, thyroid sur-
gery is still indicated in all patients with:

•    A thyroid cancer (high suspicion on nodule FNA)  
•   Very large or growing nodules and goitres  
•   Symptomatic nodules (patients with hoarseness or swallowing diffi culty or 

breathing discomfort)  
•   Hyperfunctioning large nodules, when radioiodine is contraindicated    

 In the last 20 years, technical progress has been made in thyroid surgical proce-
dures: the minimally invasive approach has become the gold standard in surgery, 
allowing the thyroid surgeon to transform traditional surgery thyroidectomy into 
MIVAT (minimally invasive video-assisted thyroidectomy). MIVAT is not indicated 
for all patients and very large thyroid nodules, large goitres or certain thyroid cancer 
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still require the classic thyroidectomy. The two techniques are equal in terms of 
effi cacy and complications but, from the patient’s perspective, the cosmetic impact 
of MIVAT, with a small surgical scar, is making the difference. 

 Total thyroidectomy complications are not frequent, haemorrhage and infection 
in less than 1 % in the fi rst days following surgery, permanent hypoparathyroidism 
in 2 % of patients and monolateral vocal cord palsy in less than 1 %. 

 In conclusion, less invasive treatments are now available as an alternative to thy-
roid surgery for benign nodules volume reduction. To make a good choice, remem-
ber to ask your doctors which are the results and the complications of the treatment 
they suggest and what is the experience of the doctors performing the surgical pro-
cedure or the new nodule ablation techniques because, as already said, the compli-
cation rate decreases as the invasive procedure is performed by skilled doctors in 
highly specialized centres.      
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