
189© Springer International Publishing Switzerland 2016
C.P. Lombardi, R. Bellantone (eds.), Minimally Invasive Therapies 
for Endocrine Neck Diseases, DOI 10.1007/978-3-319-20065-1_16

      Minimally Invasive Surgical Techniques: 
Critical Appraisal and Future 
Perspectives       

       Paolo     Miccoli       and     Gabriele     Materazzi     

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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