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Preface

No volume which deals with the treatment of the thyroid gland would be complete without a statement
regarding our obligation to Theodor Kocher.... because of his skill as a surgeon and his sound reasoning
as a scientific physician as to the nature, diagnosis, and treatment of every form of goiter, to Theodore
Kocher, as to no other man, is due the credit for writing the chapter on goiter in the history of medicine.
George Crile

The aim of the atlas is to illustrate different techniques of successful thyroid surgery. Each
author, an expert in the field of thyroid surgery, presented their own specific way on how to
perform a successful thyroid surgery. The atlas illustrates thyroid lobectomy, total thyroidec-
tomy, thyroidectomy for substernal goiter, thyroidectomy with central neck lymph nodes dis-
section and lateral neck dissection, video-assisted thyroidectomy, endoscopic total
thyroidectomy via bilateral axillo-breast approach (BABA), and transoral endoscopic total
thyroidectomy via vestibular approach (TOETVA). A separate chapter is dedicated to describ-
ing a safe thyroidectomy in developing countries. Each chapter presents a case description that
defines the main aspect of surgery. Each picture, which is taken intraoperatively, is accompa-
nied by corresponding drawings for an easier understanding of the anatomical structures and
steps of the procedure. In addition, most of the authors provided a video of the same case as it
is depicted in the chapter, which is annotated and can be accessed online via SpringerLink
(link.springer.com). The atlas includes common pitfalls of the procedure in an effort to avoid
complications and improve patient outcomes. I hope this atlas will provide an indispensable
source of knowledge to all surgeons, those who just started their career, and those who are in
more advanced stages of their practice and are learning new techniques of thyroidectomy.

To carry out successfully the technique [of thyroidectomy]...it is clear that the operation cannot be
performed by the surgeon alone, but by a team, of which the surgeon is the captain. George Crile

Freehold, NJ, USA Alexander Shifrin
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Right Thyroid Lobectomy

Alexander Shifrin

Introduction

Right thyroid lobectomy (also known as a hemithyroidectomy)
is the removal of the right thyroid lobe, including the isthmus
and a pyramidal lobe, leaving the left thyroid lobe intact. The
removal of the isthmus and pyramidal lobe is indicated to avoid
the possibility of recurrent laryngeal nerve (RLN) injury on the
operative side in case completion of a total thyroidectomy
would be warranted in the future. If isthmus and a pyramidal
lobe would be left behind, there would be a possibility of a
partial regrowth (regeneration) of an isthmus and a pyramidal
lobe toward the previously operated side and over the RLN,
which may result in injury of the nerve during the completion
of total thyroidectomy. Meticulous surgical technique and
attention to detail are pertinent in performing a successful thy-
roidectomy. The main goal of thyroid surgery is not only to
remove the diseased thyroid gland or lobe but also to prevent
complications, such as RLN injury and the incidental removal
of parathyroid glands. The complications of thyroidectomy by
themselves could be more devastating than the disease that it
was intended to cure. Therefore, the procedure of thyroidec-
tomy or thyroid lobectomy involves, first, the identification,
full exposure, and safe dissection of the RLN, then the identifi-
cation and preservation of all parathyroid glands, followed by
performing an indicated removal of the thyroid lobe [1, 2].
Almost all our thyroidectomies are performed as outpatient
procedures with a 5-hour observation stay for lobectomy and 6
hours for a total thyroidectomy [3—6]. Patients with severe
medical comorbidities, those who travel from out of state or
from a distance, as well as those who require modified radical
neck dissection or sternotomy need to stay overnight for obser-
vation (patients with sternotomy may stay longer until the chest

Supplementary Information The online version contains supplementary
material available at [https://doi.org/10.1007/978-3-030-93673-0_1].

A. Shifrin (<)
Atlantic Health Oncology Service and Department of Surgery,
CentraState Health System, Atlantic Health Partner, Freehold, NJ, USA

tube is removed). All patients are evaluated with an assessment
of the vocal cord function through flexible laryngoscopy prior
to and right after the procedure. Intraoperative RLN monitor-
ing (IONM) has gained widespread acceptance as an adjunct to
the gold standard of identification and visualization of the
nerve [7-10]. We perform IONM for all thyroidectomy and
parathyroidectomy procedures in our practice. In addition,
monitoring of the external branch of the superior laryngeal
nerve (EBSLN) is performed for all patients who require extra
attention to their voice, such as singers, teachers, public speak-
ers, and so on. Thyroidectomy is considered a clean surgical
procedure, and no preoperative antibiotics are required. For
extra precaution, we do give preoperative antibiotics only to
patients with implantable metal devices, immunosuppressed
patients, and patients who require sternotomy or a prolonged
(over 4 hours) procedure, such as total thyroidectomy with
modified radical neck dissection.

Anatomical Considerations
Recurrent (Inferior) Laryngeal Nerve (RLN)

It is important to know anatomical variations in the position
and location of the RLN. The right RLN comes off the main
trunk of the right vagus nerve on the level of the right sub-
clavian artery, hooks around the artery, and ascends up into
the neck to enter into the cricothyroid muscle. The right
RLN is usually positioned more obliquely and laterally to
the tracheoesophageal groove compared to the left RLN
(Fig. 1.1) [10, 11]. A surgeon should always keep in mind
the possibility of a nonrecurrent laryngeal nerve (NRLN) on
the right side, which occurs in about 1% of patients
(Fig. 1.2). In this case, the NRLN will come directly from
the vagus nerve laterally at the level of the cricothyroid
muscle and go directly transverse to enter the cricothyroid
muscle from the lateral location rather than inferiorly. If
NRLN is not recognized, it can be easily injured. In the

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022 1
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Fig. 1.1 Normal anatomy of the recurrent laryngeal nerve (RLN) on
the right side. The right RLN is usually positioned more obliquely and
laterally to the tracheoesophageal groove compared to the left RLN. Left
side of the screen — cephalad; right side of the screen — caudal. Arrow is

Fig. 1.2 Nonrecurrent laryngeal nerve (NRLN) on the right side. RLN
is seen as nonrecurrent (NRLN) (arrow) coming off the vagus nerve
from the carotid sheath laterally toward the cricothyroid muscle, rather
than from the inferior direction, as in Fig. 1.1. Left side of the screen —

pointing at the recurrent laryngeal nerve (RLN). Tr — trachea, SP —
superior pole of the right thyroid lobe, IP — inferior pole of the right
thyroid lobe, TZ — tubercle of Zuckerkandl

cephalad; right side of the screen — caudal. Arrow and mosquito are
pointing at the nonrecurrent laryngeal nerve (NRLN). Tr — trachea, SP —
superior pole of the right thyroid lobe, LP — inferior pole of the right
thyroid lobe, TZ — tubercle of Zuckerkandl
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majority of cases, the presence of NRLN is associated with
an aberrant right subclavian artery [1, 12].

The RLN can have up to six branches [11]. Bifurcation of
the RLN was reported on the right side in between 26% and
33% of cases, and on the left side in 19-23% of cases with
bilateral bifurcation reported in about 8.9% of patients. The
RLN bifurcates into two branches in about 70% of cases on
the right side and 67% of cases on the left and more than two
branches in about 30% of cases on the right side and 33% of
cases on the left side. It is important to dissect the entire length
of the neck part of the RLN during the thyroidectomy since it
can bifurcate at more than 2 cm inferior to the larynx in 33%
of patients on the right side and 58% of cases on the left side.
The most important anatomical considerations are given to the
functional aspect of the RLN. The vocal cords’ adduction and
abduction are controlled exclusively by motor fibers located in
the anterior (the more medial) branch of the RLN, and none
are present in the posterior (or lateral) branch(es) of the
RLN. That is the reason why the exposure of the entire RLN
during a surgical dissection is required in order to detect all
branches of the nerve. Intraoperative monitoring of the RLN
can help with nerve identification, mapping, and evaluation of
function. IONM is especially helpful with the branching
nerve. Losing the RLN IONM signal on one side during the
dissection can influence the surgeon’s decision to proceed to
the other side with a total thyroidectomy [12, 13].

Inferior Thyroid Artery

The anatomical relationship and variation between the position
of the inferior thyroid artery (ITA) and the RLN are important
for safe dissection of the RLN. Most commonly, the RLN runs
posterior to the ITA in about 76% of patients on both sides,
anterior to the ITA in 19% of patients on the right side and 24%

of patients on the left side, and in between the branches of the
RLN in about 3.3% of patients on the right side and less than
that on the left side [1, 14]. If the RLN runs in between the
branches of the ITA, retracting the thyroid lobe up and medially
may cause pressure from one of the ITA branches, causing
“strangulation injury” of the RLN, and may result in transient
neural paralysis. To prevent this, the identification and transec-
tion of this branch of the ITA earlier during the dissection of the
RLN may be necessary to eliminate this complication.

Tubercle of Zuckerkandl

Tubercle of Zuckerkandl, a posterior extension of the lateral
lobes of the thyroid gland, is more obvious on the right side
(83% of cases) than on the left side (69% of cases) and was
reported to be larger than 1 cm in 31% of cases on the right
side and 23% of cases on the left side [15-17].

Parathyroid Glands

The typical location of a superior parathyroid gland is usu-
ally 1 cm cranial to the crossing of the RLN and ITA and
within 1 cm of the cricothyroid cartilage (in 80% of cases).
The inferior parathyroid gland usually locates 1 cm lateral,
inferior, or posterior to the inferior pole of the right thyroid
lobe in about 50% of cases. Potentially, it could be intrathy-
roidal or subcapsular [1, 10].

Instruments Set (Fig. 1.3)

1. Gemini right angle forceps (8”)
2. Gemini right angle forceps (5-1/8”)

Fig. 1.3 (a) Essential instruments set (left to right): 1. Gemini right
angle forceps (8”). 2. Gemini right angle forceps (5-1/8”). 3. Micro
Halstead mosquito (5”). 4. Adson delicate tonsil forceps (7-1/4"). 5.
Allis clamps (6”). 6. Adson delicate tonsil forceps with peanut (7-1/4").
7. Nerve dissecting scissors (6”). 8. Miller Senn retractor blunt double-
ended (6-1/4"). 9. Army/navy retractors. (b) Extended instruments set:

1. Weitlaner self-retaining retractors; sharp and dull, different sizes
(left). 2. Adson delicate tonsil forceps (7-1/4"). 3. Adson toothed tissue
forceps (middle left). 4. Gerald forceps (middle). 5. Debakey forceps
(middle right). 6. Energy-based vessel-sealing devices, such as
Harmonic Focus or LigaSure device. 7. No. 15 scalpel
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Micro Halstead mosquito forceps (5”)

Adson delicate tonsil forceps (7-1/4")

Allis clamps (6”)

Adson delicate tonsil forceps with peanut (7-1/4")

Nerve dissecting scissors (6”)

Miller Senn retractor blunt double-ended (6-1/4")

Army/navy retractors

10. Weitlaner self-retaining retractors; sharp and dull, differ-
ent sizes (left)

11. Adson delicate tonsil forceps (7-1/4")

12. Adson toothed tissue forceps (middle left)

13. Gerald forceps (middle)

14. Debakey forceps (middle right)

15. Energy-based vessel-sealing device, such as Harmonic
Focus or LigaSure device

16. Surgical loupes (help in identifying the RLN and para-

thyroid glands and are essential for the operation).

Yoo kW

Patient’s Case

A 29-year-old female was presented with incidental findings
of a 3-cm right thyroid nodule, with no significant symp-
toms, no history of radiation exposure, and no significant
family history. Ultrasound-guided fine-needle aspiration
biopsy showed findings suspicious for follicular neoplasm
(Bethesda category 4). She was consented for a right thyroid
lobectomy. The possibility of complications was discussed,
such as a 1% chance of injury to the RLN, the development
of infection, or hematoma. The possibility of a total thyroid-
ectomy, including central neck lymph nodes dissection, was
also discussed in the event a cancer would be detected dur-
ing the surgery by intraoperative frozen section evaluation
with findings of aggressive features, such as extrathyroidal
extension with invasion and/or findings of metastatic lymph
nodes.

Patient’s Preparation, Intubation,
and Positioning

The patient is taken to the operating room and placed in a
supine position. Sequential compression devices are placed
on the lower extremities bilaterally for deep venous thrombo-
sis prophylaxis. General anesthesia is administered, and the
patient is intubated using a 7.0 endotracheal tube (ET tube)
with the electrodes for IONM. Both arms are tucked at the
patient’s sides, ensuring the padding of pressure points is
given close attention to mitigate brachial and ulnar nerve
injury. A shoulder roll is placed under the shoulders for neck
hyperextension to promote the visibility of the surgical site;
however, it should not be hanging. The head is placed in a

foam head cradle. Of note is if the patient has a history of
cervical spine injury or vocalizes preoperatively the symp-
toms of neck pain with hyperextension, the positioning could
be performed prior to intubation while the patient is awake,
therefore highlighting the limitations of neck extension. The
alternative approach that we use is to perform intraoperative
upper extremity motor nerve monitoring using the same tech-
nique and by the same technician who performs IONM for
the thyroidectomy. Then flexible laryngoscopy is performed
to position the ET tube IONM electrode over the vocal cords,
the ET balloon is inflated, and the ET tube is secured in place.
The patient is prepped with chlorhexidine surgical skin prep
and draped with blue sterile paper drape towels and strips of
an IOBAN antimicrobial adhesive drape to box off the paper
drapes for a tight seal of the field. This is done to prevent
accidental gas leaks from the anesthesia ventilation (to avoid
fire hazards from using a Bovie cautery in the presence of
oxygen) and for sterility of the field. Preoperative antibiotics
are not usually given unless the patient is immunosuppressed
or has metal implantable devices (joint replacements, heart
valves, defibrillator, and so on), or other risk factors for infec-
tion (for example, the history of splenectomy), and in the
presence of a large substernal goiter.

Procedure Step by Step

1. Skin, muscle incision, and access to the thyroid gland
(lobe)

2. Lateral mobilization of the thyroid lobe with transection
of the middle thyroid vein

3. Mobilization and transection of the superior pole vessels
with identification and preservation of the external branch
of the superior laryngeal nerve (EBSLN)

4. Identification and preservation of the inferior parathyroid
gland

5. Identification, dissection, and preservation of the right
recurrent laryngeal nerve

6. Identification, dissection, and preservation of the right
superior parathyroid gland

7. Transection of Berry’s ligament

8. Dissection of the thyroid lobe off the trachea with isth-
mus and pyramidal lobe

9. Muscle and skin closure

Skin Mark, Muscle Incision, and Access
to the Thyroid Gland (Lobe)

Skin mark and skin incision are placed in the natural skin
fold, preferably at the level of the thyroid isthmus
(Fig. 1.4). The platysma muscle is separated at midline
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Fig. 1.4 Skin mark and skin incision are placed in the natural skin fold, preferably at the level of the thyroid isthmus

Fig. 1.5 The platysma is separated at midline using a Bovie cautery

using a Bovie cautery (Fig. 1.5). Holding the platysma
with Adson tonsil forceps and Debakey forceps, subplatys-
mal flaps are created inferiorly (Fig. 1.6) and superiorly
(Fig. 1.7) by using a Bovie cautery. The superior flap
should be smaller than the inferior flap in order to avoid
denervation of the skin flap, which could be presented as
postoperative skin numbness at the level of the lower chin.
Weitlaner self-retaining retractors are used to spread the
skin and the platysma muscle edges to expose strap mus-
cles at the midline (Fig. 1.8). By using Adson forceps,
space is created under the strap muscles. Then by using the
Bovie cautery, strap muscles are split at the midline along
the linea alba (Fig. 1.9) (Video 1.1).

Lateral Mobilization of the Thyroid Lobe
with Division of the Middle Thyroid Vein

The next step is the mobilization of the thyroid lobe off the
strap muscles laterally. Two army/navy retractors are placed to
retract the skin, the platysma, and strap muscles laterally and
inferiorly. When performing lateral retraction, be very careful
not to cause significant pressure over the carotid artery in
elderly patients or those with a history of carotid artery disease
(calcifications and occlusion) to avoid accidental carotid plug
dislodgement, which can lead to the liberation of the plug into
the circulation, which can, in turn, result in a stroke. By using
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Fig. 1.6 Subplatysmal flap is created inferiorly by using a Bovie cautery and holding the platysma with Adson tonsil forceps and Debakey

forceps

Adson forceps with peanut, the thyroid lobe is retracted medi-
ally. Army/navy retractors are used to pull the strap muscles
and skin laterally to create contra tension, while Debakey for-
ceps are used to pull some of the muscle fibers off the thyroid
lobe laterally to under the army/navy retractors (Fig. 1.10).
The middle thyroid vein is mobilized circumferentially with
Adson forceps. It is important to dissect the vein off the under-
lying carotid artery and jugular vein to prevent any injuries to

B *.‘I
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Fig. 1.7 Subplatysmal skin flap is created superiorly by using a Bovie cautery and holding the platysma with Adson tonsil forceps and Debakey
forceps

them. When the vein is mobilized, the small Gemini right
angle forceps are inserted under the middle thyroid vein to
elevate it off the carotid sheet. Then the middle thyroid vein is
transected in between the jaws of the small Gemini right angle
forceps by using the Harmonic Focus device (Fig. 1.11). It is
important to always keep the vein elevated up and away from
the carotid sheet with the use of the small Gemini right angle
forceps during this maneuver.
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Fig. 1.8 Weitlaner self-retaining retractors are used to spread the skin and the platysma muscle edges to expose strap muscles at midline

Fig. 1.9 Strap muscles are split at midline along the linea alba

Fig. 1.10 Mobilization of the thyroid lobe off the strap muscles later-
ally. Two army/navy retractors are placed to retract the skin, the pla-
tysma, and strap muscles laterally and inferiorly. By using Adson
forceps with peanut, the thyroid lobe is retracted medially. Army/navy

retractors are used to pull the strap muscles and skin laterally to create
contra tension, while Debakey forceps are used to pull some of the
muscle fibers off the thyroid lobe laterally to under the army/navy
retractors. T — right thyroid lobe
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Fig. 1.11 The middle thyroid vein is transected by using the Harmonic Focus device. Arrow at the middle thyroid vein (in this case, the vein has
several branches that are transected simultaneously). T — right thyroid lobe

Fig.1.12 By holding the superior pole with Debakey forceps, it is grabbed with an Allis clamp and pulled inferiorly. Arrow pointing at the supe-
rior pole vessels. SP — superior pole

Mobilization and Transection of the Superior is placed lateral to the superior pole with the deep end in, and
Pole Vessels with Identification the second is medial to the superior pole with the short end
and Preservation of the External Branch in. By holding the superior pole with Debakey forceps, it is
of the Superior Laryngeal Nerve (EBSLN) grabbed with an Allis clamp and pulled inferiorly (Fig. 1.12).

By using Adson forceps, the avascular space of Reeve is
After the middle thyroid vein is transected, two army/navy entered and dissected to separate the superior pole vessels
retractors are moved superiorly. The first army/navy retractor ~from the cricothyroid muscles (Fig. 1.13). Keeping this
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Fig. 1.13 Avascular space of Reeve is entered and dissected to separate the superior pole vessels from the cricothyroid muscles. Arrow pointing

at the superior pole vessels. CTM — cricothyroid muscle

Fig. 1.14 Gemini right angle forceps are used to dissect and elevate superior pole vessels

space dry is crucial for the safe dissection and prevention of
injury to the external branch of the superior laryngeal nerve
(EBSLN). The EBSLN usually lies medially on or in between
the fibers of the cricothyroid muscle. By using small Gemini
right angle forceps, several superior pole vessels are dis-
sected and elevated up (Fig. 1.14). It is important to stay as
close to the thyroid lobe as possible to avoid injury to the
EBSLN. These steps are repeated until all superior pole ves-
sels are transected (Figs. 1.12, 1.13, 1.14, 1.15, 1.16, and
1.17). Nerve stimulation can also be used to determine the

location and integrity of the EBSLN (Fig. 1.16). Then supe-
rior pole vessels are transacted using the Harmonic Focus
device in between the jaws of a small Gemini right angle
forceps (Figs. 1.15 and 1.17). To avoid incidental injury to
the RLN, dissection should not be conducted too deep in the
proximity to the RLN entrance site into the cricothyroid
muscle. Significant traction on the superior pole may result
in traction on the RLN, neural stretch, and temporary
paralysis.
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Fig. 1.15 Superior pole vessels are transected using the Harmonic Focus device

=T 1022501 AM

Fig.1.16 (a) External branch of the superior laryngeal nerve (EBSLN)  showing normal waveform responses from the endotracheal tube (ET)
monitoring is used to determine the location and integrity of the electrode during EBSLN stimulation
EBSLN. (b) Electromyography (EMG) monitoring of the EBSLN
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Fig. 1.17 Transection of superior pole vessels using the Harmonic Focus device. Arrow at superior pole vessels. SP — superior pole of the right

thyroid lobe

Fig. 1.18 Keeping the superior Allis clamp on the superior pole (SP) of the thyroid lobe, the second Allis clamp is placed on the inferior pole (IP)

of the right thyroid lobe to retract the thyroid lobe medially

Identification and Preservation of the Inferior
Parathyroid Gland

After the superior pole vessels are completely transacted,
army/navy retractors are replaced laterally and inferiorly.
Keeping the superior Allis clamp on the superior pole of
the right thyroid lobe, the second Allis clamp is placed on
the inferior pole of the right thyroid lobe. Be careful to not
accidentally grab the inferior parathyroid gland during
placement of the Allis clamp on the inferior pole. Next, the
thyroid lobe is retracted medially and anteriorly with the
Allis clamps (Fig. 1.18), along with a finger over the gauze
(Fig. 1.19), or by using peanuts on Adson tonsil forceps.
After the inferior parathyroid gland is identified (arrow), it
is dissected off the thyroid by mosquito. The Harmonic
Focus device is used to transect the attachments between
the right inferior parathyroid gland and the inferior pole of

the right thyroid lobe (Fig. 1.19). To prevent devascular-
ization and injury to the parathyroid gland, the traction
should be very gentle.

Identification, Dissection, and Preservation
of the Right Recurrent Laryngeal Nerve

The thyroid lobe is retracted medially. In the presented case,
we immediately visualized the right RLN along the right side
of the trachea (appearing as a white cord). The nerve stimu-
lator is used to confirm the integrity of the RLN (Fig. 1.20).
If the nerve is not visualized right away (in most case sce-
narios), Debakey forceps are used to pull the fibrous tissue
overlying the inferior thyroid artery (ITA) laterally. The RLN
is identified by dissecting these tissues with mosquito along
the course of the ITA and then under the ITA and inferiorly
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Fig. 1.19 After the inferior parathyroid gland (IPG) is identified
(arrow), the Harmonic Focus device is used to transect the attachments
between the right inferior parathyroid gland and inferior pole (IP) of the

to Berry’s ligament. Meticulous dissection and magnifica-
tion with surgical loupes make it easier to identify the posi-
tion of the RLN and its branches, in relation to the ITA, since
in 19% of cases the RLN runs anterior to ITA. Significant
traction on the Allis clamps while holding the thyroid lobe
may result in traction on the RLN with neural stretch and
temporary paralysis.

Upon identification of the RLN, it is dissected with mos-
quito up toward the insertion site into the cricothyroid mus-
cle and then down along its course (Fig. 1.21). This is done
in order to identify the branching of the RLN. The most
medial and anterior branch would be the motor branch. The
integrity of the RLN is confirmed by the nerve stimulator
(Fig. 1.22). When the exact positioning of the RLN is con-
firmed, the inferior thyroid pole attachment to the trachea
can be dissected with mosquito and safely transected by
using the Harmonic Focus device (Fig. 1.23). In the case
presented, the tubercle of Zuckerkandl is overlying the RLN
within the right side. By using the Debakey forceps, fibrous
tissues overlying the RLN and the tubercle of Zuckerkandl
are retracted laterally. A tunneled space is created over the
RLN by mosquito forceps. Without replacing the Debakey
forceps while holding this fibrous tissue, gentle traction is
applied up and laterally while inserting the lower jaw of the
Harmonic Focus device into the tunneled space. Keeping
the RLN in full view, the superficial layer of these fibrous
tissues is transected, unroofing the tunneled space
(Fig. 1.24). ITA or its branches will be divided at the same
time by the Harmonic Focus device. It is critical to know the

right thyroid lobe. IP — inferior pole of the right thyroid lobe, SP — supe-
rior pole of the right thyroid lobe, IPG — inferior parathyroid gland

exact position of the Harmonic jaw tips to avoid incidental
injury to the RLN.

When the tubercle of Zuckerkandl is dissected off the
RLN laterally, Allis clamps are placed on the anterior part of
the tubercle of Zuckerkandl and are gently retracted anteri-
orly and medially. Applying a gentle tension with Debakey
forceps, which are holding the fibrous tissue overlying the
RLN Ilaterally, mosquito is used to create a tunnel space.
Mosquito is placed with its tips up and its curved back lying
right on the RLN. Gently sliding up on the RLN and spreading
mosquito jaws, the tunneled space is created (Fig. 1.25).
Without replacing the Debakey forceps by holding the fibrous
tissue, gentle traction is applied up and laterally while insert-
ing the lower jaw of the Harmonic Focus device into the tun-
neled space. Keeping the RLN in full view all the time, the
superficial layer of these fibrous tissues is transected, opening
the tunneled space (Fig. 1.26). These steps can be repeated
until you can clearly visualize the insertion site of the RLN
into the cricothyroid muscle. Under no circumstances should
the RLN be manipulated or grabbed with instruments. During
every step of the procedure, the surgeon should always be
aware of the exact location of the RLN.

Identification, Dissection, and Preservation
of the Right Superior Parathyroid Gland

The right superior parathyroid gland is identified anteriorly
and laterally under the superior pole of the thyroid lobe,
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Fig. 1.20 (a) The right RLN is visualized along the right side of the
trachea. A nerve stimulator is used to confirm the integrity of the
RLN. The nerve stimulator and the arrow are pointing at the right RLN;
it is also outlined by two white lines. (b) EMG monitoring of the right

attached to the tubercle of Zuckerkandl. By using the
Debakey forceps, fibrous tissues attaching the right superior
parathyroid gland to the tubercle of Zuckerkandl are retracted
laterally. A tunneled space is created under these attachments
by using mosquito, similar to the prior steps. Without replac-
ing the Debakey forceps by holding this fibrous tissue with
gentle traction up and laterally, the lower jaw of the Harmonic
Focus device is inserted into the tunneled space and the
superficial layer of these fibrous tissues is transected detach-
ing the parathyroid gland from the tubercle of Zuckerkandl
(Fig. 1.27). Always keep the RLN in full view. Do not apply

RLN showing a normal waveform response from the endotracheal tube
(ET) electrode during RLN stimulation. See the difference in waveform
appearance between EBSLN (see Fig. 1.16b) and RLN stimulation.
T — thyroid

significant traction on the parathyroid gland to prevent its
detachment and devascularization.

Transection of Berry’s Ligament

By using the Debakey forceps, fibrous tissues attaching
Berry’s ligament to the trachea are retracted laterally. A tun-
neled space is created under these attachments by using mos-
quito (Fig. 1.28). Without replacing the Debakey forceps by
holding these fibrous tissues, gentle traction is applied up
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Fig. 1.21 Upon identification of the RLN, it is dissected down with ~ lobe, IP — inferior pole of the right thyroid lobe, TZ — tubercle of
mosquito and then up to its insertion site into the cricothyroid muscle.  Zuckerkandl
Arrow pointing at the right RLN. SP — superior pole of the right thyroid

Fig.1.22 The integrity of the RLN is confirmed with nerve stimulation. SP — superior pole of the right thyroid lobe, IP — inferior pole of the right
thyroid lobe, TZ — tubercle of Zuckerkandl

Fig. 1.23 The attachments between the inferior pole of the right thyroid lobe and the trachea are transected using the Harmonic Focus device.
SP — superior pole of the right thyroid lobe; IP — inferior pole of the right thyroid lobe
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Fig. 1.24 Dissection of the tubercle of Zuckerkandl using the Harmonic Focus device. Arrow pointing at the right RLN. TZ — tubercle of
Zuckerkandl, SP — superior pole of the right thyroid lobe, IP — inferior pole of the right thyroid lobe

Fig. 1.25 Mosquito forceps are used to create a tunnel space above the RLN. TZ — tubercle of Zuckerkandl; SP — superior pole of the right thyroid

lobe

and laterally while inserting the lower jaw of the Harmonic
Focus device into the tunneled space. Always keep the RLN
in full view. The superficial layer of these fibrous tissues is
transected, opening the tunneled space (Fig. 1.29). These
steps can be repeated until Berry’s ligament is completely
detached from the trachea. Berry’s ligament can wrap the
trachea to the posterolateral surface in between the cartilagi-
nous and membranous part of the trachea or at the lower
edge of the cricoid cartilage and the first tracheal rings. This
is the most vulnerable part of the trachea as it is where it can
be injured.

Dissecting the Thyroid Lobe Off the Trachea
with Isthmus and Pyramidal Lobe

By using mosquito, a space in between the thyroid lobe and
trachea is created. The lower jaw of the Harmonic Focus
device is inserted into that space, and the thyroid lobe attach-
ments to the trachea are divided superiorly (Fig. 1.30) and then
inferiorly (Fig. 1.31). While dissecting the isthmus superiorly,
the pyramidal lobe, if present, should also be dissected off. In
this case, the patient did not have a pyramidal lobe. Then using
the Harmonic Focus device, the thyroid isthmus is transected
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Fig. 1.26 Superficial layer of fibrous tissue overlying the RLN is transected using the Harmonic Focus device opening the tunnel space. TZ —
tubercle of Zuckerkandl, SP — superior pole of the right thyroid lobe, IP — inferior pole of the right thyroid lobe

Fig. 1.27 The Harmonic Focus device is used to transect attach-
ments between the tubercle of Zuckerkandl and the right superior
parathyroid gland. Arrow pointing down — right superior parathyroid
gland (RSPG), arrow pointing up and outlined with two white

in between the left thyroid lobe and isthmus, keeping the
whole right lobe with the isthmus as a specimen (Fig. 1.32).

Muscle and Skin Closure

After the thyroid lobe is removed, a stitch is placed at the
superior pole to orient the specimen during pathological
evaluation. The wound is irrigated with sterile saline solution
or sterile water. Valsalva maneuver is performed to create a
positive intrathoracic pressure, which helps to visualize any
bleeding vessels and confirm the absence of any air leak indi-
cating tracheal injury. Small pieces of Fibrillar (absorbable

lines — RLN, SP — superior pole of the right thyroid lobe, TZ — tuber-
cle of Zuckerkandl, BL — Berry’s ligament, RSPG - right superior
parathyroid gland, RLN — recurrent laryngeal nerve

hemostatic agent) are placed in the cavity. We do not use
drains. Then the wound is closed by layers with interrupted
3.0 Vicryl to the strap muscles, leaving the lower part of the
strap muscles open (Fig. 1.33). Placing interrupted sutures,
rather than running, and leaving the lower part of the muscle
open help manage potential hematoma or seroma without
opening the entire incision. This could be done in the office
without going to the operating room. Then the platysma
muscle is closed with interrupted 4.0 Vicryl (Fig. 1.34), fol-
lowed by the skin with a single running 5.0 Monocryl
(Fig. 1.35a, b). Dermabond is placed on the wound, and the
ends of the Monocryl stitch are cut to the level of the skin
without leaving any nodes (Fig. 1.36).
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Fig. 1.28 Space is created between Berry’s ligament and the trachea by using a mosquito. Arrow is pointing at the RLN, which is also outlined

by white lines; BL — Berry’s ligament

Fig. 1.29 Harmonic Focus device is used to transect attachments of Berry’s ligament to the trachea. Arrow is pointing to the RLN, which is also

outlined with two white lines; BL — Berry’s ligament

After the patient is extubated, a flexible laryngoscopy is
performed to confirm the normal function of the vocal cords.
An ice pack is placed on the neck over the towel in the recov-
ery room. The patient is observed for approximately 5—6 hours
in an outpatient recovery unit and monitored to make sure
there are no hematoma developments. Approximately
2 weeks later, the patient follows up in the office for a postop-
erative wound check and to review pathology results.

Surgical Pearls

1. Always evaluate thyroid imaging studies prior to surgery.
In case of a significant enlargement of the thyroid gland/

lobe on ultrasound imaging, CT scan without contrast
should be ordered to evaluate the patient for substernal
mediastinal or intrathoracic extension of the thyroid
gland/lobe. If present, appropriate preoperative surgical
arrangements should be made to include the possibility of
sternotomy (thoracic surgical instrument tray with a saw
and/or thoracic surgeon consult)

. Preoperative evaluation of the vocal cord function is per-

tinent, especially in a preoperative diagnosis of thyroid
cancer or suspicion for thyroid cancer as well as suspi-
cion for involvement of the RLN (voice hoarseness).
Preoperative evaluation of vocal cords is also important
in patients with a prior history of neck surgery (thyroid,
parathyroid, or C-spine surgery).
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Fig. 1.30 By using mosquito, a space is created in between the thyroid lobe and trachea superiorly; then using the Harmonic Focus device, supe-
rior attachments between the thyroid and trachea are transected. SP — superior pole of the right thyroid lobe

Fig.1.31 By using mosquito, a space is created in between the thyroid
lobe and trachea inferiorly; then using the Harmonic Focus device,
inferior attachments between the thyroid and trachea are transected.

3. Preoperative antibiotics are not usually needed. But they
should be considered in the following circumstances:
patients with implantable metal devices; immunosup-
pressed patients; concerns for systemic infection, large
intrathoracic goiter, or intra-mediastinal thyroid gland;
and patients who require sternotomy or a prolonged (over

Arrow is pointing at the RLN. SP — superior pole of the right thyroid
lobe, IP — inferior pole of the right thyroid lobe, Tr — trachea

4 hours) procedure, such as total thyroidectomy with
modified radical neck dissection.

. Make sure to keep the surgical field bloodless. Any blood-

staining impairs the ability to identify the RLN and para-
thyroid glands. By using gentle pressure with dry gauze,
all small areas of blood oozing can be controlled. In case
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Fig. 1.32 By using the Harmonic Focus device, thyroid isthmus is ~ SP — superior pole of the right thyroid lobe, IP — inferior pole of the
transected in between the left thyroid lobe and isthmus, keeping the  right thyroid lobe with nodule, Tr — trachea
whole right thyroid lobe with the isthmus as a specimen. IS — isthmus,

.

Fig. 1.33 After the wound is irrigated and Valsalva maneuver is performed, Fibrillar is placed into the wound and then the strap muscles are
approximated with interrupted 3.0 Vicryl, leaving the lower part of the wound open

of more significant bleeding, the following maneuvers
can be performed. Hold the pressure with a dry gauze
over the bleeding area. Slowly start unrolling the gauze
off the bleeding area. When the bleeding vessel is clearly
visualized, grab it with Debakey forceps, release the
gauze, and clip the vessel with a 5-mm clip. Alternatively,
vessel-sealing devices, such as the Harmonic Focus
device or LigaSure device, can be used to coagulate the

vessel. The bleeding vessel also can be grabbed with
mosquito and ligated with a tie. Avoid using Bovie
cautery in the proximity to the RLN or parathyroid gland
to prevent burning injury.

. The RLN should always be identified and dissected along

its entire course up to its insertion site into the cricothy-
roid muscle. It should be evaluated for possible branch-
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Fig. 1.34 The platysma is closed with interrupted 4.0 Vicryl

Fig. 1.35 (a, b) Skin is closed with a single running 5.0 Monocryl (a), leaving the ends of the stitch on both sides of the incision without nodes (b)

ing. The most anterior and medial branch is a motor result in traction on the RLN with neural stretch and tem-
branch. porary paralysis.

6. Avoid significant traction on the thyroid lobe during the 7. Do not apply significant tension on the parathyroid gland
dissection. Significant traction on the thyroid may also to prevent its detachment and devascularization.
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Fig. 1.36 Dermabond is placed on the wound, and the ends of the Monocryl stitch are cut at the level of the skin without leaving any nodes

8. Perform the Valsalva maneuver prior to closing the
wound. It helps to identify any bleeding vessels and air
leaks in the event of tracheal injury.

Management of Complications
Hematoma

The development of acute postoperative hematoma during
the immediate postoperative period requires an urgent explo-
ration in the operating room. If severe stridor develops, an
incision should be opened at the bedside and the hematoma
should be drained, followed by immediate reexploration in
the operating room to control the bleeding.

Delayed postoperative hematoma or seroma (several days
after the surgery) can be managed in an outpatient setting.
This could be done by ultrasound-guided drainage by using
a sterile technique with 20G or 18G needle on a 20-cc
syringe. The other option would be opening the corner of the
incision, draining the hematoma, and then packing the open-
ing with iodoform gauze loosely into the wound.

Postoperative Hypocalcemia

It is almost impossible to develop acute hypocalcemia after a
thyroid lobectomy, considering that the opposite side has nor-
mal parathyroid glands, unless the patient had a prior surgery
on the opposite side. Nevertheless, younger patients may
develop transient hypocalcemia, which could be easily con-
trolled by the administration of oral calcium carbonate with
vitamin D (Oscal) 1000 mg every 6-8 hours for 1-2 weeks.

RLN Injury

Injury to the RLN could be a devastating complication of a
thyroid lobectomy. Damaging consequences of the RLN
injury are especially noticeable in older patients, who, in
addition to severe voice hoarseness, may also develop dys-
phagia with aspiration, especially liquids.

Transient Injury to the RLN RLN injury can be due to the
traction of the thyroid, which results in neural stretch and
temporary paralysis. This usually resolves within days to
weeks after surgery.

Complete Transection of the RLN This specific technique
is addressed in another publication [18]. Briefly, if the RLN
injury is recognized intraoperatively, there are several
options for immediate repair that can be accomplished. If
both ends of the RLN are visible and can be approximated, it
should be repaired by a direct approximation of the RLN
ends. If there is a segment of the RLN loss, flipping the end
of the ansa cervicalis to the proximal end of the RLN, or
vagus-RLN anastomosis, may be done or free nerve grafting
can be used.
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Open Right Thyroid Lobectomy

Jina Kim, Sanziana A. Roman, and Julie Ann Sosa

Introduction

Surgery of the thyroid gland spans back to medieval times,
with the first known operation dating back to 952 AD, when
Abu al-Qasim (a renowned surgeon of the Middle Ages) per-
formed the first goiter resection. In the mid-nineteenth cen-
tury, thyroid surgery was considered so perilous that it was
banned by the French Academy of Medicine. Over the next
century, many prominent surgeons advanced techniques in
thyroidectomy. For example, William Stewart Halsted was a
strong advocate of distal vessel ligation to preserve blood
supply to the parathyroid glands, and Frank Lahey described
the identification and preservation of the recurrent laryngeal
nerve [1]. More recently, technological advances such as
bipolar energy devices and intraoperative nerve monitoring
have become important adjuncts to thyroid surgery. In mod-
ern times, thyroid surgery is considered one of the most effi-
cient and safest operations when performed by high-volume
surgeons.

Thyroid lobectomy is considered to be an appropriate sur-
gical management option for cases of toxic adenoma, inde-
terminate thyroid nodules, papillary thyroid microcarcinomas,
and low-risk differentiated thyroid cancers. Compared to
total thyroidectomy, thyroid lobectomy eliminates the risk of
postoperative hypocalcemia as the contralateral parathyroid
glands are spared from exposure to surgical risk. Thyroid
lobectomy also avoids the risk of bilateral recurrent laryn-
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geal nerve injury and is associated with lower overall mor-
bidity. Thyroid lobectomy can be performed as an outpatient
procedure for the majority of patients.

Procedure

A 35-year-old euthyroid woman presents to the surgery clinic
with a right thyroid nodule, which she first noticed on self-
examination. Ultrasound confirms a 2.2-cm right intrathyroi-
dal nodule without associated cervical lymphadenopathy.
Fine needle aspiration demonstrates Bethesda III cytology.
Subsequent molecular testing indicates a 50% risk of malig-
nancy. Preoperatively, a thorough discussion of the risks and
benefits of thyroid lobectomy is shared with the patient. Risks
of thyroid lobectomy include hoarseness, change in voice,
pain, bleeding, infection, scar, need for reoperation, need for
thyroid hormone replacement, and risks related to anesthesia.
The patient elects to undergo diagnostic right thyroid lobec-
tomy and signs a surgical consent.

In the preoperative holding area, the patient’s neck is
marked to indicate the appropriate laterality. She is trans-
ferred to the operating room, where general anesthesia is
induced and a neural integrity monitor (NIM) electromyo-
gram endotracheal tube is placed. In the majority of cases,
we recommend a 7.0-mm endotracheal tube for women and
8.0-mm for men. A slightly larger NIM tube than a regular
endotracheal tube is generally preferred to improve the
approximation of the vocal cords to the electromyographic
pads. An orogastric tube should be placed in the esophagus
to allow the easy palpation of the esophagus during the pro-
cess, thereby more easily delineating the tracheoesophageal
groove and thus the likely path of the recurrent laryngeal
nerve. This will make the surgery faster and easier. Antibiotics
are not indicated for thyroid surgery, but preoperative ste-
roids should be administered. A single preoperative dose of
dexamethasone 8§ mg has been shown to reduce nausea and
pain postoperatively [2]. A time-out to confirm patient name,
procedure, and laterality is performed.
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For optimal positioning, the patient is placed supine on the
operating table with both arms tucked and a shoulder roll
placed transversely beneath the shoulder to extend the neck.
Hyperextension should be avoided. A 1-1 pressure infusion
bag can be used as an adjustable, inflatable shoulder roll. A
gel donut headrest is placed under the occiput to stabilize the
head during surgery. The patient is placed in semi-Fowler’s
position to help extend the neck further and bring the head
above the heart level, thus reducing the venous pressure in the
head and neck. For intraoperative nerve monitoring, leads are
placed in the subcutaneous tissues of the arm or chest.

Once the patient’s neck is prepped with sterile cleaning
solutions, it is draped in such a fashion that visual symmetry
of the neck is maintained. A transverse curvilinear incision is
made ideally in a natural skin crease, preferably just below
the cricoid cartilage, which approximates the level of the
ligament of Berry. At the ligament of Berry, the thyroid is
densely attached to the trachea, and the recurrent laryngeal
nerve enters the larynx. To accurately center the incision, the
midline can be marked with a silk suture extending from the
chin to the sternal notch. The length of the incision will

depend on the size of the thyroid gland to be removed.
Typically, a 4-6-cm incision suffices for most thyroid surger-
ies (Fig. 2.1). Starting with a smaller incision, but extending
it if needed, is a good approach to minimize its length, but
the surgeon should be mindful about safety and adequate
visualization.

Once the incision is marked, it is incised sharply with a
#15 blade and deepened through the subcutaneous tissues
with electrocautery. Subplatysmal flaps are then raised,
superiorly and inferiorly (Fig. 2.2). Double-armed skin
hooks are used to elevate the subplatysmal flaps. The anterior
jugular veins that overlie the sternohyoid muscles should be
preserved if possible to avoid bleeding. The fascia of the
sternohyoid muscles should remain with the muscle to pre-
serve natural tissue planes during flap creation. The median
raphe is incised with cautery to separate the sternohyoid
muscles and expose the thyroid gland beneath (Fig. 2.3).

We then turn our focus to the right lobe. The sternohyoid
and sternothyroid muscles are dissected away from the ante-
rior aspect of the right thyroid lobe with electrocautery, and
they are retracted laterally. The fascia of the sternohyoid

Fig. 2.1 Incision is marked on the neck, approximately two fingerbreadths above the sternal notch, ideally in a natural skin crease

Craniad

Fig. 2.2 Once the incision is deepened through skin and subcutaneous tissues, subplatysmal flaps are raised
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Fig. 2.3 The median raphe is incised to separate the sternohyoid muscles and expose the thyroid underneath

Common
cartoid artery
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Fig. 2.4 Areolar tissue between the thyroid and common carotid artery is bluntly cleared, exposing the common carotid artery

muscles should remain with the muscle to preserve natural
tissue planes during flap creation. The sternothyroid muscle
can be divided at the level of the cricoid cartilage for addi-
tional exposure of the upper pole. The areolar tissue between
the thyroid gland and the common carotid artery can then be
cleared using blunt dissection and cautery (Fig. 2.4). The
internal jugular vein is visualized adjacent to the common
carotid artery; the vagus nerve lies between the internal jugu-
lar vein and the common carotid artery. The vagus nerve can
be identified with the nerve monitor.

Technique Tip Care should be taken with the nerve mon-
itor probe to avoid puncture or trauma to the carotid
sheath; the authors routinely bend the tip of the probe to
make it blunt. Touching the vagus in the carotid sheath

low in the neck and obtaining a good NIM signal can indi-
cate normal recurrent laryngeal nerve anatomy. If the sig-
nal cannot be obtained low in the carotid sheath, but rather
is found high at the level of the upper pole, there is poten-
tial for a nonrecurrent laryngeal nerve. When seen, nonre-
current laryngeal nerves are more commonly identified on
the right. This maneuver can help plan the dissection of
the nerve and alert the surgeon to potential variable
anatomy.

The middle thyroid vein, which is the primary venous
drainage of the thyroid gland, is seen in 70% of patients. The
middle thyroid vein runs anterior to the carotid artery; it can
be easily identified and ligated with 2-0 silk without concern
[3]. The thyroid lobe then is mobilized anteromedially by
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Fig. 2.5 The superior pole vessels are individually dissected and ligated with 2-0 silk ties

applying traction. A peanut sponge can be useful for apply-
ing traction and improving visualization in a small incision
by keeping the hand out of the way.

Technique Tip The esophagus should be gently mobilized
to the right side of the neck to allow better exposure of the
tracheoesophageal groove. This can be done by gently push-
ing the right thyroid lobe medially and the thyroid cartilage
pushed externally from the left side of the neck. Having the
orogastric tube in the esophagus makes it easily palpable.

We turn our attention to the right superior pole of the thy-
roid. The superior pole is exposed with gentle caudal and
lateral traction. Working medially to laterally, the avascular
space of Reeves between the superior pole of the thyroid
gland and cricothyroid muscle is opened, taking care to avoid
injury to the external branch of the superior laryngeal nerve,
which innervates the cricothyroid muscle and usually passes
medial to the superior pole vessels. The external branch of
the superior laryngeal nerve can be identified with the intra-
operative nerve monitor. The superior pole vessels are indi-
vidually ligated with 2-0 silk sutures and divided with a
vessel-sealing device (Fig. 2.5). The right upper parathyroid
gland also should be identified; parathyroid tissue is often
orange-brown in color. The right upper parathyroid gland is
preserved by incising the thyroid capsule and leaving behind
extracapsular tissue surrounding the parathyroid gland.

Technique Tip In thyroid surgery, water is typically used
for irrigation as it helps lyse red blood cells and clears the
field quickly, allowing for the use of natural tissue color to
identify structures.

With the superior pole freed, we turn our attention to the
identification of the recurrent laryngeal nerve. The nerve can
be visualized by dissecting anteriorly and parallel to the
nerve, starting in the thyrothymic ligament. The recurrent
laryngeal nerve passes between the branches of the inferior
thyroid artery. More frequently, the right recurrent laryngeal
nerve has an oblique trajectory compared to the left recurrent
laryngeal nerve (Fig. 2.6). Intraoperative nerve monitoring
can aid in the identification of variations in the nerve anat-
omy, such as a nonrecurrent laryngeal nerve (see Technique
Tip above). Once the recurrent laryngeal nerve is identified,
the tertiary branches of the arteries and veins surrounding the
thyroid can be divided.

Technique Tip Use the lowest cautery settings necessary.
When dissecting near the nerve or parathyroid glands, use
bipolar cautery or no cautery.

By remaining close to the surface of the thyroid, the
blood supply to the parathyroid glands can be better pre-
served. The right upper and lower parathyroid glands should
be visualized and preserved by dissecting them away from
the thyroid gland (Fig. 2.7). The thyroid lobe is dissected
away from the recurrent laryngeal nerve. At the two upper
tracheal rings, the recurrent laryngeal nerve embeds in the
posterior portion of the ligament of Berry, which attaches
the thyroid to the trachea. This area is where the recurrent
nerve is most vulnerable to injury [4]. Undue medial trac-
tion on the thyroid gland can also injure the recurrent laryn-
geal nerve by stretching it, so care should be taken to avoid
hard and prolonged rotation. At the ligament of Berry, the
thyroid tissue is ligated with 2-0 silk sutures and cauterized
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Fig. 2.6 With the thyroid retracted medially, intraoperative nerve monitoring is used to identify the recurrent laryngeal nerve, which generally

has a more oblique trajectory on the right

Right superior
parathyroid

Craniad

Fig. 2.7 The superior and inferior parathyroid glands should be visualized and preserved. The superior parathyroid gland will be posterior to the
recurrent laryngeal nerve, while the lower parathyroid gland will be anterior to it

using bipolar energy to avoid injury to the recurrent laryn-
geal nerve (Fig. 2.8).

Technique Tip 1f a parathyroid gland is removed during
thyroid surgery, it can be autotransplanted. First, the candi-
date parathyroid gland should be confirmed by frozen sec-
tion to be indeed parathyroid tissue. Then it is minced with a
#15 blade into 1-mm pieces and autotransplanted into a
pocket of the adjacent sternocleidomastoid muscle. This
pocket is closed with nonabsorbable suture.

Once the thyroid lobe has been separated from the
recurrent laryngeal nerve, it is retracted medially and the
trachea is exposed (Fig. 2.9). The isthmus is separated

from the trachea using cautery. The pyramidal lobe should
be resected at this point. The authors advise having the
pyramidal lobe resected always at the first operation
(lobectomy) as resecting it at a later time is very difficult,
given the scarring, and may lead to remnant thyroid tissue
in the neck.

A Kelly clamp is placed across the medial aspect of the
contralateral thyroid lobe, which allows us to remove the
isthmus with the thyroid lobe at the first operation. The thy-
roid is divided with a vessel-sealing device. The cut thyroid
edge is then oversewn with interlocking horizontal mattress
2-0 silk sutures to compress the parenchyma and control the
venous drainage of the thyroid (Fig. 2.10) [5].
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Fig. 2.8 At the ligament of Berry, the thyroid tissue is ligated with silk suture and cauterized with bipolar energy. Care should be taken to avoid
injury to the recurrent laryngeal nerve with this maneuver
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Fig. 2.9 Once the parathyroid glands and recurrent laryngeal nerve are dissected away from the thyroid, the lobe can be retracted medially to
expose the trachea
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Fig. 2.10 Once the thyroid lobe is freed from the trachea and divided, the cut thyroid edge is oversewn with silk sutures for hemostasis
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Fig. 2.11 After hemostasis of the thyroidectomy bed is assured, the sternohyoid muscles are reapproximated with silk sutures. If a complete
thyroidectomy is required in the future, these nonabsorbable sutures will aid reidentification of the midline

The resection bed is irrigated with water and then exam-
ined for bleeding. Any bleeding points are controlled with
cautery. The RLN should be tested again to assure that the
NIM signal has been maintained. Hemostatic agents can be
placed in the resection bed. The sternohyoid muscles are
reapproximated in the midline. We recommend using nonab-
sorbable sutures, such as 3-0 silk, which will aid in the iden-
tification of the midline in the future if a complete
thyroidectomy is required (Fig. 2.11). If the anterior jugular
veins are very close to the midline, the authors recommend
closing muscle from underneath the veins to allow the veins
to roll away laterally from the midline incision. This will
avoid injury and unnecessary bleeding if reoperation is
needed in the future. If the sternothyroid muscle was divided,
reapproximation is not necessary. The inferior aspect of the
sternohyoid muscles is left open; if bleeding occurs postop-
eratively, blood can decompress through this open space.
Using absorbable sutures, the platysma is reapproximated
with a running, locking stitch, and the skin is closed with a
subcuticular stitch. A final dressing, either with skin glue or
adhesive bandage, is applied.

Technique Tip A running, locking stitch in the platysma
avoids having the incision purse-string and misalign, with
better cosmetic results.

After right thyroid lobectomy, the patient is awakened
from anesthesia. After recovery in the postanesthesia care
unit and an adequate observation period, the patient can be
discharged home. Nowadays, thyroid surgery is often same-
day surgery at many institutions, but the risk of bleeding can
extend to 72 hours after thyroid surgery [6]. Thus, at dis-

charge, patients should be provided with thorough postoper-
ative instructions and appropriate contact information to
reach the surgeon in cases of emergency.

Final surgical pathology demonstrates a benign thyroid
nodule. This information is shared with the patient at her
postoperative visit, approximately 2 weeks after surgery.
Thyroid function tests should be measured at 6-8 weeks
postoperatively to determine the need for a supplemental
thyroid hormone (Video 2.1).

Disclosures JAS is a member of the Data Monitoring Committee of the
Medullary Thyroid Cancer Consortium Registry supported by
GlaxoSmithKline, Novo Nordisk, AstraZeneca, and Eli Lilly. She
receives institutional research funding from Exelixis and Eli Lilly.
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Thyroid Lobectomy

Trenton Foster and Travis McKenzie

Thyroid lobectomy may be utilized for benign thyroid nod-
ules, indeterminate thyroid nodules, or low-risk malignant
thyroid nodules less than 4 cm in size, as recommended by
the 2015 American Thyroid Association guidelines [1].
Thyroid preservation is desirable in appropriate settings to
reduce the surgical risks of recurrent laryngeal nerve injury
and postoperative hypoparathyroidism and can allow many
patients to avoid the need for life-long thyroid replacement
hormones.

Procedure

A 52-year-old gentleman presents for surgical management
of a 2-cm indeterminate thyroid nodule (Hurthle cell neo-
plasm) located within the left thyroid lobe. He is euthyroid
and without concerning nodules in the contralateral lobe.
Diagnostic left thyroid lobectomy is pursued.

The patient is placed under general anesthesia using an
endotracheal tube. The authors prefer the routine use of an
endotracheal tube capable of intraoperative nerve monitoring
to aid in the dissection of the recurrent laryngeal nerve in all
thyroid operations. The patient is then positioned supine
with an inflatable cushion under the scapulae. The cushion is
inflated to maximize cervical extension while maintaining
appropriate support of the occiput. Bean bags are placed lat-
erally to the left and right of the head to ensure stability and
avoid rotation. The bed is placed in a beach chair position
with a slight reverse Trendelenburg (Fig. 3.1). The surgical
field is widely prepared with clear ChloraPrep from the
lower lip to the mid sternum laterally to the shoulders and
allowed to dry. The field is then sterilely draped from chin to
clavicles (Fig. 3.2). If a lateral neck dissection is planned, a
wider field is draped. In the case of a substernal goiter, the
anterior chest is also prepped into the field. Once draped, the

T. Foster (>4) - T. McKenzie
Department of Surgery, Mayo Clinic, Rochester, MN, USA
e-mail: Foster.Trenton @mayo.edu

Fig. 3.1 Patient positioning with neck extended and head supported

Fig.3.2 Patient draping with adequate exposure from clavicles to chin

necessary instruments are opened (Fig. 3.3) and a confirma-
tory pause is performed. Preincisional antibiotics are gener-
ally not utilized unless the patient is immunosuppressed.
The incision is positioned over the thyroid isthmus, which
is reliably located 1-2 cm caudal to the cricoid cartilage.
This will be approximately two fingerbreadths above the
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Fig. 3.3 Surgical instruments for retraction and fine dissection; ties,
clips, and hemostatic energy devices are prepared

sternal notch in most patients, although this distance may
vary in those with exceptionally short or long necks. If there
is a skin crease present within this vicinity, the skin crease is
utilized as the incisional site to enhance the cosmetic out-
come. The incision length is guided by the underlying pathol-
ogy, generally kept at 6 cm or less. The incision is marked
and measured to ensure symmetry (Fig. 3.4). The incision is
made with a 15-blade scalpel through the epidermis and der-
mis. The electrocautery of the dermis is avoided to prevent
hypertrophic scarring. The platysma is divided with the use
of electrocautery. The upper cut border of the platysma is
grasped with Allis clamps and lifted. Counter traction is
placed on the upper neck. The superior flap is developed with
electrocautery in the subplatysmal plane. The subcutaneous
fat and platysma muscle is elevated, while the fascia of the
strap muscles and associated anterior jugular veins remain
down. If injury to an anterior jugular vein occurs, the vein is
ligated with a 3-0 Vicryl suture. The superior flap is devel-
oped to the level of the thyroid cartilage notch and laterally
beyond the anterior border of the sternocleidomastoid mus-
cles (Fig. 3.5). An inferior subplatysmal flap is similarly
developed extending to the level of the clavicles and sternal
notch (Fig. 3.6). Insulated band retractors are utilized to
retract the flaps, and the midline is opened at the median
raphe between the right and left sternohyoid muscles. This
plane is typically avascular, although a small venous branch
between anterior jugular veins can be encountered, espe-
cially near the sternal notch. The median raphe can be opened
with electrocautery or LigaSure™ (Fig. 3.7). The sternothy-
roid muscles are bluntly swept off the midline to expose the
isthmus. Prelaryngeal and pretracheal tissues are dissected to
expose the larynx and trachea above and below the isthmus,

Fig. 3.4 Anatomic landmarks, including the sternal notch and cricoid
cartilage, are identified. A symmetric midline skin incision is planned
following the contours of the skin

respectively (Fig. 3.8). If a pyramidal lobe is encountered, it
is dissected to remain with the thyroid. In the setting of sus-
pected or confirmed malignancy, the Delphian lymph node is
evaluated and resected if suspicious. Superior and inferior
thyroid veins may be encountered anterior to the larynx and
trachea and are divided with clips and LigaSure™. With the
larynx and trachea exposed, a tunnel is created bluntly
beneath the thyroid isthmus (Fig. 3.9). The thyroid isthmus is
divided with LigaSure™ along its junction with the contra-
lateral (right) lobe of the thyroid gland (Fig. 3.10). The isth-
mus is grasped with an Allis clamp and pulled to the right.
The sternohyoid and sternothyroid muscles are dissected off
the left thyroid lobe with a combination of electrocautery
and blunt dissection. As the thyroid is pulled to the right, the
middle thyroid vein, if present, will come into view
(Fig. 3.11). The middle thyroid vein is clipped and then
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Fig. 3.5 Superior subplatysmal flap is developed to the level of the
thyroid cartilage

divided on the specimen side with LigaSure™ in a plane
anterior to the carotid artery. Dissection over the anterior sur-
face of the common carotid artery continues until the ante-
rior adventitia of the carotid artery is fully exposed. Exposure
of the common carotid artery allows all tissues between the
carotid artery and thyroid lobe to fall away, thereby deepen-
ing the field of dissection to the level of the vertebral body.
Care is taken to keep the dissection directly ventral to the
carotid artery as the only structure that crosses ventral to
the carotid artery in this region of the neck is the middle
thyroid vein, which can be sacrificed. The recurrent laryn-
geal nerve will not cross ventral to the carotid artery, even
in nonrecurrent situations. The vagus nerve is stimulated
lateral and deep to the common carotid artery to confirm
that the neurologic circuit is intact and the nerve monitor-
ing device is functioning appropriately.

Fig.3.6 Inferior subplatysmal flap is developed to the level of the ster-
nal notch and clavicles

An Allis clamp is placed on the upper thyroid lobe, and
the upper pole is retracted laterally (Fig. 3.12). This pulls the
superior thyroid vessels away from the cricothyroid muscle,
allowing the surgeon to fully open the avascular space of Joll
with a straight Jacobson Schnidt (Fig. 3.13). Once the thy-
roid vessels are pulled away from the cricothyroid muscle,
the surgeon examines the upper pole for the presence of a
low external branch of the superior laryngeal nerve, which
can be as low as the superior pole thyroid parenchyma. If
identified, the nerve is dissected away from the superior pole
of the thyroid. Once the surgeon is confident the external
branch of the superior laryngeal nerve is protected, the upper
pole vessels are ligated and divided using LigaSure™ along
the superior most extent of the thyroid capsule (Fig. 3.14).

The thyroid can now be fully rotated medially and to the
right with gentle traction (Fig. 3.15). With this field of view,
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Fig.3.7 The median raphe between strap muscles is opened using cau-
tery or LigaSure™

the surgeon can identify the carotid artery, jugular vein, and
inferior thyroid artery and should begin to identify the loca-
tion of the left recurrent laryngeal nerve and superior and
inferior parathyroid glands. The recurrent laryngeal nerve
on the left is identified in the tracheoesophageal groove
immediately caudal to where the inferior thyroid artery tra-
verses the thyroid bed to insert on the thyroid capsule. The
nerve is gently but fully exposed in this region. Intraoperative
nerve monitoring can be utilized to assist with this portion
of the procedure as needed. Once the recurrent laryngeal
nerve is identified, the anterior surface of the nerve is care-
fully dissected from caudal to cranial while dividing tissue
anterior to the nerve. This maneuver continues to fully
expose the recurrent laryngeal nerve along its course. It
should be noted that the blood supply to the recurrent laryn-

Fig. 3.8 The prelaryngeal space is developed along the superior aspect
of the thyroid isthmus, and a pretracheal space is developed along the
inferior aspect of the thyroid isthmus

geal nerve is through the vasa nervorum running along the
nerve and that there is no vessel that runs external to inter-
nal. Therefore, the nerve can be dissected anteriorly, and all
tissues ventral to the nerve can be divided with the jewelers
bipolar forceps. The inferior thyroid artery can have a vari-
able relationship to the recurrent nerve, but the nerve most
commonly runs deep to the artery. The artery is dissected
away from the nerve and preserved. If the artery is divided
proximally, the surgeon risks the devascularization of the
parathyroid glands. At this point, the surgeon identifies the
inferior and superior parathyroid glands and plans the final
portion of dissection. With the recurrent laryngeal nerve and
parathyroid glands directly in view, the inferior pedicle is
ligated and divided along the thyroid capsule with
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Fig. 3.9 The thyroid isthmus is mobilized off the anterior surface of
the trachea with blunt dissection

LigaSure™ (Fig. 3.16). Capsular dissection then ensues
with the use of clips and bipolar in order to drop the inferior
and superior parathyroid glands off the thyroid capsule
while preserving their native vascular supply (Fig. 3.17).
The thyroid is then carefully mobilized off the trachea at the
ligament of Berry with the use of clips and bipolar parallel
to the recurrent laryngeal nerve while keeping the nerve
directly in view (Fig. 3.18). If necessary, near total thyroid-
ectomy can be performed by placing clips on the thyroid
parenchyma and dividing the thyroid tissue with the use of
bipolar or LigaSure™. The specimen is oriented for patho-
logical review. The operative field is then inspected
(Fig. 3.19), and complete hemostasis is confirmed with a

Fig. 3.10 The thyroid isthmus is divided at its junction with the con-
tralateral lobe of the thyroid gland using LigaSure™

Valsalva maneuver while the operative bed is submerged in
sterile water. Topical hemostatic may be placed in the opera-
tive bed as desired. The strap muscles are closed in the mid-
line with 3-0 Vicryl in an interrupted fashion. Care is taken
to leave an approximately 1-cm opening at the inferior
aspect of the closure to serve as a “blowhole,” allowing
blood to decompress into the superficial compartment in the
event of cervical hematoma (Fig. 3.20). The platysma is
closed with interrupted 3-0 Vicryl. The dermis is infiltrated
with 10 mL of 0.25% bupivacaine. The skin is closed with
running 4-0 Monocryl in a subcuticular fashion. A Steri-
Strip™ is placed horizontally over the incision (Fig. 3.21).
The patient is then extubated and discharged home after a
period of observation.
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Fig. 3.11 The thyroid gland is pulled medially with an Allis clamp to  Fig. 3.12 The upper pole of the thyroid is grasped and pulled
expose the middle thyroid vein laterally
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Fig. 3.13 The avascular space of Joll is opened, taking care to protect ~ Fig. 3.14 The upper pole vessels are ligated with LigaSure™ along
the external branch of the superior laryngeal nerve the superior most extent of the thyroid capsule
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Fig. 3.15 The thyroid gland is pulled medially to reveal the carotid Fig. 3.16 The inferior vascular pedicle is divided using LigaSure™
artery, jugular vein, and expected regions of the inferior thyroid artery, ~ while keeping the recurrent laryngeal nerve in view and the parathyroid
superior and inferior parathyroid glands, and recurrent laryngeal nerve  glands protected
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Fig. 3.17 The superior and inferior parathyroid glands are dissected  Fig.3.18 The thyroid is dissected off the trachea while working paral-
away from the thyroid gland while taking care to preserve their vascular  lel to the recurrent laryngeal nerve using clips and bipolar cautery

supply
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Fig.3.19 The operative field is inspected for hemostasis Fig. 3.20 The midline between strap muscles is closed with suture,
leaving a small opening at the inferior most aspect
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Left Thyroid Lobectomy

Caitlin T. Yeo, Adrian Harvey, and Janice L. Pasieka

Case Description

The patient is a 40-year-old female with a history of a palpable
left thyroid nodule measuring 3.6 cm. She is clinically euthy-
roid, and her thyroid-stimulating hormone (TSH) is 1.6 mIU/L
(normal range: 0.2—4.0 mIU/L). An ultrasound is performed,
which shows a hypoechoic nodule, and fine-needle aspirate
reveals mildly enlarged, atypical, overlapping follicular cells
in a microfollicular arrangement, which is classified as suspi-
cious for follicular neoplasm (Bethesda IV). After a careful
discussion with her surgeon, she is consented for a left thyroid
lobectomy, given the 10—40% risk of malignancy.

Introduction

The thyroid gland is the first of the endocrine organs to
develop and is critical in fetal brain development. It regulates
the metabolic processes throughout the body through the
production and release of the thyroid hormones thyroxine
(T4) and triiodothyronine (T3) [1, 2]. The thyroid gland is
located centrally in the lower neck, anterior to the trachea. It
is composed of a left and right lobe, an isthmus, and a pyra-
midal lobe — a remnant from its embryologic descent
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Pyramidal lobe
Thyroid cartilage

Cricoid cartilage i .
Cricothyroid

Right thyroid lobe membrane

Isthmus Left thyroid lobe

Tracheal rings

Fig.4.1 Thyroid anatomy

(Fig. 4.1) [3]. The parathyroid glands, recurrent laryngeal
nerves (RLN), and external branches of the superior laryn-
geal nerves (EBSLN) lie in close proximity, and care must be
given to preserve these structures during dissection. Thyroid
lobectomy is performed for diagnostic or therapeutic pur-
poses. Diagnostic purposes include repeated fine-needle
aspirate, which describe follicular lesion/atypia of unknown
significance (Bethesda III) or follicular neoplasm (Bethesda
IV), as these have a 5-18% and 10—40% risk of malignancy
respectively [4]. Therapeutic purposes include low-risk uni-
focal suspicious (Bethesda V) or proven papillary thyroid
cancer (Bethesda VI), solitary toxic nodule, unilateral
retrosternal nodule or goiter, or clinical symptoms of
compression.

Procedure

The left thyroid lobectomy is composed of several critical
steps, outlined in the following chapter. During the lobec-
tomy, it is also important to consider that a completion thy-
roidectomy may be required in the future. There are several
steps that should always be done that will make a completion
thyroidectomy safer (Table 4.1, Video 4.1).
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Positioning

Surgery is performed with the patient under general anesthe-
sia, with both arms tucked in at the sides, protecting the ulnar
nerve. Cervical extension is achieved using a shoulder roll
placed at the level of the scapular spines. Slight reverse
Trendelenburg with knee flexion reduces venous pressure.

Table 4.1 Minimize the risks of a completion thyroidectomy

1. Be consistent in your operative approach and document the status
of the parathyroids, EBSLN, and RLN in the operative report.

2. Remove the pyramidal lobe and pretracheal nodal tissue during
the initial operation as this plane will become scarred down and
may prove to be more difficult to dissect at the second operation.

3. Resect thyroid lobe and isthmus over to the edge of the
contralateral strap muscle, leaving the midline of the trachea free
of thyroid tissue.

4. Assess/confirm parathyroid viability and transplant devascularized
glands.

5. Do not explore the contralateral thyroid and be sure to leave the
sternothyroid muscle on the contralateral thyroid lobe.

6. Reapproximate separately both the sternothyroid and sternohyoid
strap muscles at the midline.

Notch of
thyroid cartilage

Cricothyroid
membrane

Cervical incisior

Sternal notch

Fig.4.2 Cervical incision and landmarks

Superior
platysmal flap

Avascular
subplatysmal

Fig. 4.3 Creation of superior subplatysmal flap

plane (dotted line)

Obtaining Exposure

A cervical skin incision is created in the midline approxi-
mately 2 fingerbreadths above the collar bone and extending
from the anterior border of one sternocleidomastoid muscle
(SCM) to the other, ideally in a natural crease for cosmesis
(Fig. 4.2). The skin, subcutaneous tissues, and platysma are
divided sharply with the knife. Subplatysmal flaps are devel-
oped in an avascular plane from the thyroid cartilage superi-
orly, the sternal notch inferiorly, and the anterior borders of
the SCM laterally (Fig. 4.3). A device such as a Gelpi retrac-
tor is placed within the incision to maintain exposure.

The midline between the strap muscles is divided from
the thyroid cartilage to the sternal notch and down to the
level of the thyroid gland (Fig. 4.4). The sternohyoid muscle
is elevated off the sternothyroid muscle laterally to the jugu-
lar vein (Fig. 4.5). The sternothyroid muscle overtop the thy-
roid is assessed for evidence of cancer invasion, and en bloc
resection of the sternothyroid is performed if required. If
there is no sternothyroid invasion, this muscle is elevated off
the thyroid lobe with cautery. The sternothyroid can be

Notch of
Thyroid cartilage

Cricoid membrane

Cervical incision

Sternal notch

Superior
platysmal flap

Avascular
subplatysmal
plane (dotted line)
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Left and right
sternohyoid strap
muscles (elevated)

Midline

Fig. 4.4 Divide the strap muscles along the midline

Sternohyoid
muscle (behind
retractor)

Sternothyroid
muscle (overlying
thyroid)

Fig.4.5 Separate the sternohyoid from the sternothyroid muscles

Left lobe of thyroid

Middle thyroid vein

Carotid artery (running
under middle thyroid
vein)

Sternothyroid and
sternohyoid muscles
(behind retractor)

Jugular vein (middle
thyroid vein drains into
jugular vein)

Fig. 4.6 Identify the middle thyroid vein crossing over the carotid artery

divided to improve access if the thyroid lobe or nodule is
very large. The middle thyroid vein is then identified cross-
ing over the carotid artery (Fig. 4.6), divided, and ligated.

Identification of the Recurrent Laryngeal
Nerve

Once the middle thyroid vein is divided, the RLN should be
identified. The RLN bisects the angle formed by the inferior
thyroid artery entering the thyroid and the lateral edge of the

Left and right
sternohyoid strap ~=—j
muscles (elevated)

Midline
(loose white tissue)

Sternohyoid
muscle (behind
retractor)

Sternothyroid
muscle (overlying
thyroid)

Left lobe of thyroid
(green circle)

Middle thyroid vein
(blue box)

Carotid artery running
under middle thyroid
vein (dotted red box)

Sternothyroid and
sternohyoid muscles
(behind retractor)

trachea. The identification of these landmarks is helpful in
finding the RLN (Fig. 4.7). The lack of RLN identification
leads to a higher risk of injury, and thus it should be routinely
identified [5].

Identification and Inclusion of Pyramidal Lobe
Retractors are positioned superiorly under the left and right

sternohyoid muscles, and the pyramidal lobe and pretra-
cheal nodal tissue between the thyrohyoid muscles are
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(retracted out Cricoid cartilage

and caudally)

Fig. 4.8 Dissect out the pyramidal lobe and pretracheal nodal tissue

grasped and elevated. This tissue is dissected away from the
thyrohyoid muscles and followed cephalad to the hyoid
bone. The pyramidal lobe is ligated at the level of the hyoid
bone. Then the pyramidal lobe and pretracheal nodal tissue
are dissected off the tracheal cartilage and cricothyroid
membrane down to the cricothyroid muscles, taking care
not to injure the delicate cricothyroid membrane. The pyra-
midal lobe and pretracheal nodal tissue are included with
the specimen (Fig. 4.8) and should be resected at the initial
operation to improve reoperative exposure if completion of
thyroidectomy is required.

Mobilization of the Superior Pole

Identify and open the avascular space of Reeves located
between the superior pole of the thyroid and the cricothy-
roid muscles (Fig. 4.9). This assists with the traction of the
superior pole into the surgical field. The maneuver also
allows for the identification of the EBSLN as it enters the
cricothyroid muscle. This nerve should be looked for, but
unlike the RLN, it is not essential to identify it. The EBSLN

Thyroid cartilage ; \

Thyroid cartilage

Left thyrohyoid
muscle (dotted line
represents medial
edge of thyrohyoid
muscles)

Pyramidal lobe and
pretracheal nodal
tissue (retracted
out and caudally)

Cricoid

is seen up to 70% of the time with careful dissection.
Ligating the superior pole vessels as they enter the thyroid
will help preserve the EBSLN, especially when it has not
been visualized (Fig. 4.10) [6].

The investing fascia over the thyroid is divided to expose
the lateral edge of the thyroid (Fig. 4.11). The lateral thyroid
is mobilized using an extracapsular approach (remaining just
outside the thyroid capsule), which facilitates the identifica-
tion and preservation of the parathyroid glands contained
within the adjacent fat pads. The superior parathyroid is typi-
cally located 1 cm around the inferior thyroid artery as it
enters the thyroid and along the posterior aspect of the thy-
roid lobe (Fig. 4.12).

Mobilization of the Inferior Pole

The reidentification of the RLN is crucial prior to pro-
ceeding with the mobilization of the inferior pole. The
inferior parathyroid can often be identified at this time,
looking closely at the inferior pole of the thyroid and
along the thyrothymic ligament (Fig. 4.13). Once these



4 Left Thyroid Lobectomy

47

Thyroid cartilage |
and cricothyroid i
muscle

Avascular space
of Reeves with
external branch
of superior
laryngeal nerve

Superior pole of
thyroid (retracted *
inferiorly)

Divided ends
of superior pole
vessels within
clamps

Superior pole )
of thyroid P
(retracted inferiorly ?
and laterally) J

v

Fig.4.10 Divide the superior pole vessels

structures are identified it is safe to dissect directly down
onto the trachea at the midline and divide the inferior pole
vessels. If pretracheal lymph nodes are required, then the
level of dissection starts at the sternal notch. The vessels
entering the inferior thyroid pole are divided using an
extracapsular approach to protect the inferior parathyroid
and RLN.

Thyroid cartilage and
cricothyroid muscle

Avascular space of
Reeves with external
branch of superior
laryngeal nerve (see
next slide)

Superior pole
(retracted inferiorly)

External branch of
superior laryngeal
nerve

(white structure)

Divided ends
of superior
pole vessels
within
clamps

Superior
pole of
thyroid
(retracted
inferiorly

and laterally)

Medialization of the Thyroid

The RLN is at the highest risk during the part of the oper-
ation where it enters close to the cricothyroid muscle as
it is tethered by the very vascular ligament of Berry.
The dissection continues along the anterior surface of the
RLN, dividing the branches of the inferior thyroid artery
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(retracted of thyroid
medially behind
fingers)

Superior pole Investing fascia
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Fig.4.11 Division of the investing fascia around the lateral edge of the superior pole
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Superior
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Fig.4.12 Identify the superior parathyroid gland located within 1 cm radius superior to the insertion of inferior thyroid artery

that are crossing over the RLN into the thyroid. In
10-20% of patients, the RLN crosses over-top the infe-
rior thyroid artery. The RLN frequently branches, and it
is the medial branch that is usually responsible for vocal
cord motor function [7]. The ligament of Berry is quite
vascular, and the control of the vessels within the liga-
ment should be performed using bipolar cautery or ties.
Monopolar cautery and other energy devices should be
avoided or utilized with caution in this area due to the
proximity of the RLN. Once the ligament of Berry is
detached, an avascular plane anterior to the trachea is
encountered (Fig. 4.14). The thyroid and isthmus are ele-
vated off the trachea over to the contralateral lobe. Be
careful not to elevate the contralateral lobe off the tra-
chea as you can injure the contralateral RLN at its inser-
tion. The left lobe and isthmus are divided at the level of

the contralateral strap muscles through various tech-
niques such as using advanced hemostasis devices
(i.e., Harmonic scalpel) or clamping and oversewing the
cut edge with a running locking stitch.

Parathyroid Assessment and Transplantation

Once the thyroid lobe and isthmus are resected, the thyroid
specimen should be inspected for devascularized parathyroid
glands. It is important to assess the superior and inferior
parathyroid glands to ensure viability. If in situ viability is
uncertain, the surface of the parathyroid gland can be scored
with a fresh sharp scalpel to look for arterial bleeding. If the
parathyroid gland is completely devascularized, excise the
gland and transplant it. If there is questionable viability, then
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Fig.4.13 (a, b) Location of RLN, superior and inferior parathyroid glands

Ligated ligamen
of Berry

Recurrent
laryngeal nerve
(branching)

"hyroid isthmus
stracted over to
contralateral
edge of strap

Anterior rings
of trachea

Thyroid isthmus
cleared over to
contralateral
edge of strap

Anterior rings
of trachea

Ligated ligament
of Berry

Recurrent laryngeal
nerve (branching)
(white structure)

Fig. 4.14 Visualization of the RLN, ligated ligament of Berry, and anterior trachea

bisect the gland and transplant the excised portion while pre-
serving the other half in situ, ensuring it is attached to the
vascular pedicle. To transplant the parathyroid tissue, it
should be emulsified. We prefer to use the sharp curved iris
scissors on a piece of Telfa (Fig. 4.15). The emulsified para-

thyroid is drawn up in a saline-filled syringe (Fig. 4.16) and
injected into the SCM (Fig. 4.17). Flush the needle with an
additional 0.5 ml of saline into the muscle to ensure the nee-
dle is cleared of any parathyroid tissue. Prior to injecting the
emulsified parathyroid, draw back on the syringe to ensure
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Parathyroid Parathyroid
tissue tissue

Fig.4.15 Emulsify the parathyroid
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Fig.4.16 Prepare the parathyroid for reimplantation
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Fig.4.17 Inject the parathyroid into the SCM
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that it is not within the jugular vein. It is important to docu-
ment the status of the parathyroids in the operative report.

Closure

Ensure good hemostasis prior to closure. The elevation of
venous pressure (i.e., a Valsalva maneuver) or irrigation with
sterile water may help identify small vessels at risk of bleed-
ing [8]. Reapproximate both strap muscles individually at
the midline, leaving a small gap inferiorly. Reapproximate
the platysma in an interrupted fashion. Skin can be closed
using a variety of techniques, including a dissolvable run-
ning subcuticular stitch or Dermabond.

Tips and Pitfalls

* A slightly longer incision in a skin crease leads to better
cosmetic outcomes and less operative struggle than a
shorter incision that is stretched to accommodate the sur-
gery. Likewise developing broad flaps laterally will
improve exposure and ease of surgery.

e Identifying and including the pyramidal lobe at the start
of the case gives better tissue purchase, removes the pre-
tracheal nodes, and prevents it from becoming the “for-
gotten lobe.”

» Staying close to the thyroid in an extracapsular approach
protects the critical structures (parathyroids, RLN,
EBSLN). Watch for fat pads as the parathyroids are often
contained within. Meticulous hemostasis prevents blood
from staining the tissues and aids in the visualization of
the parathyroid glands.

e The identification and protection of the RLN are critical to
preventing injury. Occasionally, a near-total thyroid

lobectomy (leaving a small cuff of the thyroid) adjacent to
the RLN is necessary to avoid injury to the RLN and/or to
protect the superior parathyroid. Using clips for hemostasis
near the nerve may interfere with the ability to suture ligate
bleeding from the ligament of Berry or distort postopera-
tive imaging and therefore should be used sparingly in this
area.

* Loop magnification aids in the identification of vital
structures.
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Total Thyroidectomy

Ujas S. Shah, Kristina J. Nicholson, and Sally E. Carty

Introduction

The patient presents with a single thyroid nodule that was
positive for malignancy on biopsy, and with positive molecu-
lar testing, a total thyroidectomy was planned. The usual
steps of this procedure are described, along with the poten-
tial pitfalls and key aspects of perioperative care.

The patient is placed supine with adequate anterior neck
extension. A transverse incision is used, and the incision is
carried through the platysma. Subplatysmal flaps are created,
and the median raphe is widely incised. The strap muscles are
then dissected off the thyroid lobe. The blood supply to the
thyroid lobe is divided between fine ties, and the parathyroid
glands are identified to be preserved in situ. The recurrent
laryngeal nerve is identified and cleared, with avoidance of
electrocautery or other injuries. As dissection progresses, the
ligament of Berry is carefully ligated near the insertion of the
recurrent laryngeal nerve, and then the thyroid is dissected off
the trachea. The same steps are then used on the contralateral
lobe, and the specimen is resected. Hemostasis must be
ensured prior to the closure of the incision in layers.

Preoperative screening for concurrent primary hyperpara-
thyroidism is routinely done, and vitamin D is repleted pre-
operatively ifidentified. We do not routinely use intraoperative
nerve monitoring, but vocal cord assessment is performed in
several ways. Postoperatively, monitoring for signs of cervi-
cal hematoma is important, as is the prevention of
hypocalcemia.
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Case Description

The patient is an otherwise healthy 32-year-old male with a
TIRADS 5, 1.7 cm right thyroid nodule without associated
lymphadenopathy on cervical ultrasound. The nodule was
positive for papillary thyroid cancer on fine-needle aspira-
tion biopsy. After informed consent and under an institu-
tional clinical trial, it was subjected to molecular testing with
ThyroSeq® version 3 to determine the extent of initial thy-
roidectomy. Molecular results were positive for a BRAF
V600E mutation, and total thyroidectomy was planned.

Procedure

The patient is positioned supine for the induction of anesthe-
sia by endotracheal intubation. A rolled sheet is placed
behind the scapulae, and a modified beach chair position is
used to best expose the anterior neck. Care is taken to ensure
that the patient has no history or features of cervical disk
disease. After prepping and draping, a short transverse inci-
sion is marked within a natural skin crease, ideally 1-2 cm
inferior to the cricoid cartilage, using concentric lateral hatch
marks in case the incision should need to be extended. Here,
the incision measured 4.8 cm. Local anesthesia with 0.5%
bupivacaine with 1:200,000 epinephrine is infiltrated as a
subcuticular wheal in the dermis, the skin is incised with a
15-blade scalpel, and the subcutaneous tissues and platysma
are divided with electrocautery, taking care to preserve the
anterior jugular veins. A Senn retractor is used to elevate the
subplatysmal flaps superiorly and inferiorly using blunt dis-
section and electrocautery; this step facilitates excellent
postoperative cosmesis (Figs. 5.1, 5.2, and 5.3).

The median raphe is then incised up to the thyroid carti-
lage and down to the sternal notch, and a self-retaining
Weitlaner retractor is placed. It is preferable to begin the dis-
section on the side of the cancer, in this case the right side,
but this is not mandatory in every setting. As the strap mus-
cles are dissected off the lobe, care must be taken to widely
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Fig. 5.2 Infiltration of subcuticular local anesthesia

Fig. 5.3 Superior subplatysmal flap elevated with a combination of blunt dissection and electrocautery
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Fig. 5.5 Dissection of the right sternothyroid strap muscle from the thyroid gland

open the dissecting instrument (here a Mixter right-angle
forceps) in order to prevent electrocautery arcing, which
could potentially lead to thermal injury of the ipsilateral
recurrent laryngeal nerve (RLN). When possible, lateral dis-
section should extend along the lateral strap muscle line to
ensure that the surrounding lymphatic tissue remains with
the thyroid specimen. This is called “opening the box”
(Figs. 5.4 and 5.5).

During initial exposure of the lobe, (1) a manual
Richardson retractor is placed laterally, (2) two Allis clamps
are applied in parallel to facilitate medial rotation of the lobe
while avoiding capsular disruption, and (3) the bed is tilted
slightly to best bring the field into the light (i.e., the table is
rotated slightly toward the contralateral lobe). As seen later
in this video, with their nondominant hand, the assistant
gradually everts the lobe while applying manual medial



56

U.S.Shahetal.

Fig.5.6 Exposure of the right thyroid lobe with a lateral retraction of the strap muscle, medial retraction of the thyroid lobe, and tilt of the operat-

ing room table toward the left

Fig. 5.7 Manual compression and eversion of the right thyroid lobe

compression, which works to improve both visualization and
hemostasis (Figs. 5.6 and 5.7).

In general, as dissection progresses, the blood supply to
the lobe is sequentially divided between fine ties, while the
recurrent laryngeal nerve is delicately identified and cleared,
and the ipsilateral parathyroid glands are recognized and pre-
served viably in situ. However, the specific thyroid lobe anat-
omy very much determines the order and conduct of these

next steps—which can thus vary greatly. Often, the specific
anatomy prompts early ligation of the middle thyroid vein
between 4 and 0 absorbable ties, as seen here. The superior
and inferior vascular pedicles are also early targets for divi-
sion between ligatures. During dissection, manually thinning
out the tissue helps the surgeon determine that a bite is safe
to take. Electrocautery and energy devices should not be
used within 1 cm of the course of the RLN. We do not use an
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Fig. 5.8 Ligation of the middle thyroid vein between fine ties

Fig. 5.9 Division of lateral attachments with electrocautery with a widely open dissector instrument to avoid thermal injury to nearby structures

energy device because of concerns of bleeding and iatro-
genic injury, and we find that it does not save time as our
average operative duration for a thyroid lobectomy is about
45 minutes (Figs. 5.8 and 5.9).

In this patient, the normal right inferior parathyroid
gland is identified within the surrounding fat and preserved,
while it was also marked with a titanium clip. This patient
also has a superior thyroid pole that extends very cranially,
almost to the angle of the mandible. The preservation of the
external branch of the superior laryngeal nerve is routinely

facilitated by dividing the superior vascular pedicle (and/or
its arborizing branches) on the anterior surface of the supe-
rior thyroid pole. The estimated injury rate of the external
branch of the superior laryngeal nerve is <4%. This patient
also has a prominent tubercle of Zuckerkandl, which when
present must be resected in full if safely possible. Here, the
tubercle was rolled medially with finger traction to aid in
mobilization (Figs. 5.10 and 5.11).

We can clearly see the two normal ipsilateral parathy-
roid glands, which are preserved and appear viable with
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Fig.5.10 The right inferior parathyroid gland is marked with a titanium clip

Fig.5.11 A prominent tubercle of Zuckerkandl is carefully resected with the thyroid lobe

subtle differences in color and texture from the surrounding
fat and lymph nodes. A normal parathyroid gland weighs
about 20-50 mg. In general, an embryologic inferior gland
is more anteriorly situated, often near the tip of the cervical
thymus, while the superior parathyroid resides in a deeper
plane and is often in or near the tracheoesophageal groove.
If for any reason a normal parathyroid appears ischemic, it
should be promptly harvested and minced sterilely into
1-mm fragments, with one fragment sent for frozen section
to confirm tissue identity and the remainder autotrans-
planted into the ipsilateral strap or sternocleidomastoid

muscle, marking that site with a permanent stitch. The like-
lihood of this being required in this program is <5%. The
likelihood of permanent hypoparathyroidism with total
thyroidectomy in this program is about 1 in 300 (Figs. 5.12,
5.13,5.14, and 5.15).

As dissection progresses, atraumatic preservation of the
RLN is facilitated by tracing its course from near the thoracic
inlet into the larynx at the ligament of Berry. Here, we can see
that the nerve has anterior and posterior branches. Studies
have documented that it is the anterior branch that has a motor
function; thus, it is imperative to preserve both branches
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Fig.5.12 Identification of the right inferior parathyroid gland

Fig. 5.13 Identification of the right superior parathyroid gland

Fig.5.14 A harvested parathyroid gland, with one fragment sent to pathology to confirm identity
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Fig.5.15 The minced parathyroid gland prior to reimplantation
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Fig.5.16 The right recurrent laryngeal nerve is identified, and its two branches are traced (black arrows)

when branching is present. When dividing the ligament of
Berry, the Mixter is directed toward the feet to avoid the cri-
coid membrane and to remain parallel to the course of the
RLN. Once ligated, the ligament of Berry is often divided
sharply for precision (Figs. 5.16, 5.17, and 5.18).

The thyroid isthmus is then dissected off the trachea in the
avascular plane. If a pyramidal lobe is present (which is often
bilobed and can even be trilobed), this tissue is resected
entirely and in continuity with the isthmus; a pyramidal lobe
typically has paired vascular pedicles that should be indi-
vidually managed. Once mobilization is well away from the
RLN, one can return to using electrocautery. Any thyroidea
ima vessels near the isthmus are ligated and divided. When
performing lobectomy, the junction of the isthmus and con-
tralateral thyroid lobe represents the surgical margin and is

transected and oversewn. At this point, a review of the
exposed anatomy shows the inferior parathyroid gland, the
recurrent laryngeal nerve, and the superior parathyroid
gland, and the thyroid cancer can be seen near the inferior
pole (Figs. 5.19, 5.20, 5.21, and 5.22).

For total thyroidectomy, attention is next turned to the
contralateral lobe, and the same steps are used to expose,
mobilize, and resect it. On the left side in this patient, a tiny
but often present vascular bundle (termed here the “vein of
doom”) tethers the recurrent laryngeal nerve to the ligament
of Berry, requiring delicate division to protect the nerve
(Figs. 5.23, 5.24, and 5.25).

Once the specimen is resected, it must be inspected to
assess for any attached parathyroid glands and oriented for
pathology. At all layers of depth, the field is repeatedly
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Fig.5.18 Sharp division of the ligament of Berry

inspected to identify and manage any oozing and ensure
meticulous hemostasis. Hemostatic agents are not routinely
used. Closure is accomplished in three layers using running
3-0 absorbable suture to close the median raphe in the mid-
line, inverted interrupted 3-0 absorbable to close the
platysma, and subcuticular 5-0 absorbable monofilament for
the skin. As incisions often stretch out during surgery, they
often measure larger at the conclusion of the operation as this
incision now measures 5.5 cm. We then place wound closure
strips or topical skin adhesive over the incision (Figs. 5.26,
5.27,5.28,5.29, and 5.30).

At this high-volume thyroid center, we routinely screen
for concurrent primary hyperparathyroidism, which is pres-

ent in ~5% of patients and can greatly alter the conduct or
extent of surgery. This patient had normal calcium, para-
thormone (PTH), and vitamin D levels preoperatively; vita-
min D deficiency is quite common in our region, and vitamin
D is routinely repleted preoperatively, which greatly reduces
the likelihood and severity of postoperative hypocalcemia
and paresthesias. This program also does not routinely use
intraoperative nerve monitoring during initial surgery as
multiple studies have not been able to demonstrate a benefit;
however, we employ this adjunct for selected high-risk
patients and often use it in reoperative thyroidectomy. This
program does not use direct laryngoscopy for the initial sur-
gery of patients who are assessed by the surgeon to have



62

U.S.Shahetal.

Fig.5.19 Division of attachments to the pyramidal lobe

Fig.5.20 Ligation of thyroidea ima vessels at the anterior surface of the trachea

normal vocal fold function, often employs vocal cord ultra-
sonography (VCUS) performed by the surgical team as a
screening tool, and obtains preoperative laryngoscopy for
all reoperative patients. If postoperative VCUS is abnormal,
the patient is referred for laryngology evaluation and man-
agement, which in the immediate postoperative setting often
includes nimodipine, an agent that can increase the likeli-
hood of vocal fold recovery and decrease the interval to

recovery. The rate of permanent vocal fold paralysis at this
program is <1%.

Postoperatively, patients are monitored in the hospital for a
minimum of 6 hours after a thyroid lobectomy and overnight
after a total or completion thyroidectomy. An initial postoper-
ative evaluation by the surgeon at 6 hours must evaluate for a
cervical hematoma that would require operative evacuation.
The incidence of a postoperative hematoma requiring evacua-
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Fig.5.21 Dissection carried along the anterior surface of the trachea to the junction of the thyroid isthmus and the left thyroid lobe. The cancer-

ous nodule can be seen near the inferior pole of the right lobe (arrow)

Fig. 5.22 Identification of the right recurrent laryngeal nerve, as well as the inferior parathyroid gland anteriorly and the superior parathyroid

gland posteriorly

tion is about 1 in 300. Preoperative antibiotics are not rou-
tinely administered for thyroidectomy, and our wound
infection rate is <1%. Thyroid lobectomy patients do not have
postoperative labs checked and are not placed on oral calcium
supplementation. After a total or completion thyroidectomy, a
morning calcium level is checked, and patients are empirically
placed on 2 g of calcium carbonate twice a day. If these

patients have symptomatic hypocalcemia or an abnormally
low morning calcium level, the frequency is increased to three
times a day. All patients are given a standard postoperative
instruction sheet that includes postoperative expectations,
wound care, activity restrictions, and indications for calling
the emergency contact number (Video 5.1).
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Fig.5.23 The left “vein of doom” is carefully ligated near the insertion of the recurrent laryngeal nerve

Fig. 5.24 Identification of the left recurrent laryngeal nerve
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Fig.5.25 Ligation of the left ligament of Berry while protecting the recurrent laryngeal nerve

Fig. 5.26 Inspection of the resected thyroid gland for any attached parathyroid glands, with none identified here
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Fig. 5.27 Inspection for hemostasis, while the left inferior parathyroid gland is identified and appears viable

Fig.5.28 Closure of the median raphe with a running suture
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Fig. 5.29 Closure of the platysma with interrupted sutures

Fig. 5.30 Closed wound after application of wound closure strips

Suggested Reading the definitive surgical management of thyroid disease in adults. Ann
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Total Thyroidectomy for Substernal

Goiter

Benzon M. Dy and Melanie L. Lyden

Introduction

The removal of the thyroid for symptomatic goiters has been
the treatment of choice for enlarging thyroid glands that
result in compression with shortness of breath, dysphagia, or
dysphonia. Other symptoms may include a globus sensation
and an undesirable cosmetic appearance due to growth.
There may be enlarged nodules that have suspicious features
for cancer or those that cannot be appropriately assessed
with ultrasound and a fine-needle aspiration (FNA) biopsy.
In patients with large substernal components, provocative
maneuvers such as raising of the arms can lead to the com-
pression of the thoracic inlet and venous drainage, epony-
mously known as Pemberton’s sign, leading to facial
congestion and plethora (Hamidi et al., 2018). Although new
technologies such as radiofrequency ablation may help with
controlling the size of large goiters, the tissue cannot be
examined after treatment and substernal components may be
difficult to address (Haugen et al., 2016). Radioactive iodine
treatment can also be used to arrest growth or to shrink goi-
ters, but the initial phase of treatment may cause the swelling
of the gland, increasing symptoms, and the overall decline in
size averages about 20% of the gland size, which may not be
sufficient treatment for diffusely enlarged goiters.

There are several important factors to consider prior to
thyroidectomy for enlarged thyroids. Although iodine defi-
ciency is rare in the United States, with iodine supplementa-
tion in salt readily available, patients may come from
iodine-deficient areas, which can contribute to goiter forma-
tion. A thorough history and a physical exam are important
in stratifying the risk of malignancy. Factors such as radia-
tion exposure, family history, and duration of the symptoms
are important factors to consider. Rapid growth can be caused
by rare entities such as anaplastic thyroid cancer or intrathy-
roidal spontaneous hemorrhage, and either FNA or core
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biopsy for anaplastic lesions can help rule out aggressive
malignancy. Preoperative imaging including ultrasound and
cross-sectional imaging such as computed tomography (CT)
scan will demonstrate the extent of growth of the thyroid and
identify any suspicious nodules or adenopathy that should be
evaluated prior to surgical resection (Patel et al., 2020;
Pemberton, 1946). In addition, the use of a CT scan to iden-
tify the extent of substernal extension is significant in the
preparation of a possible sternotomy to safely excise the thy-
roid, especially if it extends below the innominate vessels.

Procedure

A 57-year-old African American woman presented to her
endocrinologist with an enlarged thyroid that had been moni-
tored for 2 years with periodic ultrasound and benign biopsies
of enlarged thyroid nodules. She noted recent growth with
increasing dysphagia and intermittent shortness of breath
with exertion (Fig. 6.1). She has no family or personal history
of thyroid cancer and is currently euthyroid on both history
and biochemical evaluation without the need for thyroid hor-
mone supplementation. Ultrasound demonstrated diffuse
enlargement of the thyroid gland with bilateral extension
below the clavicles (Fig. 6.2). The CT scan demonstrated an
8-cm right thyroid lobe in its greatest dimension and a 7-cm
left thyroid lobe with substernal extension extending down to
the innominate artery with no significant narrowing of her
trachea present down to the bifurcation (Fig. 6.3).

Under general endotracheal anesthesia, the patient is
positioned supine in a beach chair position, flexing at the
hips and knees and extending the neck (Fig. 6.4). The head
is appropriately padded to ensure that the patient is resting
comfortably on the operating room (OR) table and not in a
suspended position. The patient is positioned with the arms
adducted to her sides with appropriate padding to allow both
the surgeon and assistant to stand adjacent to the patient.
Our standard practice is to perform neuromonitoring of the
recurrent laryngeal nerve with a Medtronic NIMS system
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Fig. 6.1 Increasing fullness present within the neck displays the

enlargement of the patient’s thyroid, although the substernal component
is not evident on visual examination

Fig. 6.2 Ultrasound image of bilateral diffuse enlargement of the thy-
roid. A US can be inadequate for imaging when there is significant
extension of the thyroid into the thoracic inlet

incorporated into the endotracheal tube as an adjunct to the
anatomic visualization of the nerve (Fig. 6.5). Often, anes-
thesia will use a fiber optic laryngoscope to ensure that the
endotracheal tube is appropriately positioned at the time of
the surgery.

A transverse Kocher incision is made one fingerbreadth
below the cricoid cartilage with generous extension just medial
to each sternocleidomastoid muscle (Fig. 6.6). A Superior and
inferior subplatysmal flaps are created extending to the thyroid
cartilage cephalad and down to the clavicles inferiorly
(Fig. 6.7). The strap muscles are then separated in the avascu-
lar midline and retracted laterally (Fig. 6.8). In patients with
large cervical components of the goiter, the sternothyroid
muscle can be divided to improve exposure (Fig. 6.9). The
superior pole is divided to allow for medial rotation of the thy-
roid and to ligate the superior thyroid vessels (Fig. 6.10). It is
important to ensure that the caudal dissection is performed up
to the interclavicular ligament to allow for the exposure of the

Fig.6.3 Coronal section of a patient with a large substernal goiter with
bilateral lobe involvement and substernal displacement of the innomi-
nate vessels

Fig. 6.4 Patient in beach chair position, which allows for gentle exten-
sion of the neck and elevation of the patient in reverse Trendelenburg
position

mediastinum and to aid in the delivery of the thyroid into the
cervical region (Fig. 6.11). Oftentimes, blunt dissection along
the capsule of the thyroid may aid in mobilizing the thyroid
within the cervical neck. Other options include the placement
of Kocher clamps on the thyroid capsule to gently retract the
thyroid cephalad. Once the thyroid is delivered into the neck,
the recurrent laryngeal nerve is carefully protected throughout
the process, along with the parathyroid glands (Fig. 6.12).
Autotransplantation may be needed if the parathyroid and its
vasculature are displaced by the inferior goiter.

The thyroid is examined grossly to confirm a complete
resection of the thyroid gland and ensure that the specimen is
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Fig. 6.5 The NIMS endotracheal tube and monitor allow for immedi-
ate feedback of the neuromonitoring of the recurrent laryngeal nerve
throughout the course of surgery. Loss of signal may indicate traction,
injury, or transection of the nerve

Fig.6.6 A transverse Kocher incision is measured and marked prior to
incision to ensure symmetry and placement in a natural skin crease to
minimize scar formation

Fig. 6.7 Superior and inferior flaps created just deep into the platysma

Fig. 6.8 Using electrocautery, the midline is identifiable with an avas-
cular plane where the left and right sternohyoid muscles meet in the
center of the neck. This can be occasionally displaced due to asymmet-
ric growth of the thyroid

consistent with the preoperative imaging so that no portion
of the thyroid is left within the substernal space (Fig. 6.13).

The neck is closed in the standard fashion with subcuta-
neous Vicryl sutures and a subcuticular 4-0 Monocryl clo-
sure (Fig. 6.14). Most often, a drain is not required
post-operatively. However, if there is a large potential space,
it may be prudent to place a drain either to avoid a seroma or
if there is a concern regarding the disruption of the thoracic
duct in very large substernal goiters.

Postoperatively, patients are observed overnight in the hos-
pital for signs of bleeding, infection, or hypocalcemia. Patients
are also cautioned of the risk of mild swelling in the subcuta-
neous space where the previous goiter was present, resulting
in a temporary seroma. Bruising in the chest can result from
drainage and gravity in the postoperative period. Today, ster-
notomy is rarely performed to deliver substernal glands unless
there is a high preoperative risk of malignancy.
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Fig. 6.9 The sternohyoid
muscles are retracted laterally
to expose the underlying
thyroid

Fig.6.10 The sternothyroid
is one of the four strap
muscles and is positioned
adjacent to the thyroid.
Although it is often stretched
when a goiter is present,
dividing the sternothyroid can
often improve mobilization
and visualization of the lateral
aspect of the thyroid and
provides space to rotate the
gland medially
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Fig.6.11 The division of the
interclavicular ligament aids
in widening the space just

Inter-clavicular lig. Anticular disc

Anterior

cephalad to the manubrium to sterno-clavicular Sternal end
allow for the delivery of the lig. of clavicle
substernal portion of the
thyroid Costo-clavicular
rhomboid lig.
Cartilage of
Manubrium sterni 1strib
Cervical
sympathetic
ganglion

Inferior ganglion
of vagus nerve

Pharyngeal nerve

Superior laryngeal
nerve

External
laryngeal branch

Internal laryngeal
nerve
Ansa of galen

Internal laryngeal
branch (recurrent
laryngeal nerve)

Vagus nerve

Recurrent
laryngeal nerve

Fig. 6.12 The recurrent laryngeal nerve courses along the tracheo-
esophageal groove. Care must be taken in cases of enlarged thyroids
and goiters as these may be displaced and draped over enlarged thyroid
tissue or stretched with an altered anatomic course

Fig. 6.13 The specimen is reviewed to ensure the parathyroid glands
have not been inadvertently removed and the thyroid gland is intact
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Left Thyroid Lobectomy as Completion
of Total Thyroidectomy with Central
Neck Lymph Node Dissection

on the Left

Alexander Shifrin

Introduction

Left thyroid lobectomy (also known as hemithyroidectomy)
is the removal of the left thyroid lobe. When this procedure
follows a previous right thyroid lobectomy, it is considered a
completion of total thyroidectomy. Meticulous surgical tech-
nique and attention to detail are pertinent in performing a
successful thyroidectomy. The main goal of thyroid surgery
is not only to remove the diseased thyroid gland or lobe but
also to prevent complications, such as RLN injury and hypo-
parathyroidism due to devascularization or incidental
removal of the parathyroid glands. The complications of thy-
roidectomy by themselves could be more devastating than
the disease that it was intended to cure. Therefore, the proce-
dure of completion of total thyroidectomy, or thyroid lobec-
tomy, involves, first, the identification, full exposure, and
safe dissection of the RLN, then the identification and pres-
ervation of all parathyroid glands, followed by an indicated
removal of the thyroid gland or lobe [1, 2]. Scarring and
adhesions from prior surgery may complicate the dissection
and make the anatomy very difficult to appreciate. The prev-
alence of RLN injury is higher in redo surgery than in pri-
mary thyroid operations, and it has been reported as high as
12.5% for transient RLN injury and 3.8% for permanent
RLN injury [3]. Therefore, performing one side surgery
(lobectomy) should not involve a “routine intraoperative
assessment or evaluation” of the opposite normal thyroid
lobe unless it is clinically indicated (which is almost never)
and the surgeon intends to remove it. Therefore, coming
back for the completion of total thyroidectomy will be much
easier on the opposite side when there are no adhesions
developed and the risk of complications, such as RLN and/or
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parathyroid gland injury, will be significantly lower. From a
surgical safety standpoint, in order to reduce complications,
the optimal timing for the completion of total thyroidectomy
after a previous thyroid lobectomy is about 3 months.
Considerations regarding the timing for the completion pro-
cedure should be made for patients with differentiated thy-
roid carcinoma who have indications for the administration
of radioactive iodine (RAI). Since RAI is given in approxi-
mately 6-8 weeks after the surgery, the second (completion)
procedure will delay the administration of RAI to 6-8 weeks
after the second surgery [4].

The level VI central neck lymph node (CNLN) compart-
ment anatomically is defined by hyoid bone superiorly,
suprasternal notch and innominate (brachiocephalic) artery
inferiorly, carotid artery laterally, and the superficial layer of
the deep cervical fascia posteriorly. CNLN compartment in
addition to paratracheal lymph nodes also includes pretra-
cheal and prelaryngeal (or Delphian) lymph nodes. It is
important to perform the dissection not only anteriorly but
also posteriorly to the RLN (especially on the right side,
where the RLN is positioned more laterally in the inferior
part of the neck compared to the left side RLN). The number
of lymph nodes contained within the central neck varies
greatly between patients. CNLND should consist of the
removal of the prelaryngeal, pretracheal, and paratracheal
lymph nodes. CNLND may be therapeutic or prophylactic,
unilateral or bilateral. Therapeutic CNLND is performed
when there are obvious metastatic lymph nodes detected in
the CNLN compartment on preoperative imaging studies or
during the thyroidectomy. Prophylactic CNLND is per-
formed when there are no findings or knowledge of enlarged
or metastatic lymph nodes in the CNLN compartment either
on preoperative imaging studies or during an intraoperative
assessment. Prophylactic CNLND consists of the removal of
all fibroadipose tissues (with presumptive lymph nodes)
from the CNLN compartment prophylactically [5-8].

Almost all our thyroidectomies are performed as outpa-
tient procedures with a 5-hour observation stay for lobec-
tomy and 6 hours for total thyroidectomy [9—-14]. Patients
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with severe medical comorbidities, those that travel from out
of state or from a distance, as well as those who require mod-
ified radical neck dissection or sternotomy are staying over-
night for observation (patients with sternotomy may stay
longer until the chest tube is removed). All patients are eval-
uated with an assessment of the vocal cord function by flex-
ible laryngoscopy prior to and right after the procedure.
Intraoperative RLN monitoring (IONM) has gained wide-
spread acceptance as an adjunct to the gold standard of iden-
tification and visualization of the RLN [13-16]. We perform
IONM for all thyroidectomy and parathyroidectomy proce-
dures in our practice. In addition, an external branch of the
superior laryngeal nerve (EBSLN) monitoring is performed
for all patients who require extra attention to their voice,
such as singers, teachers, public speakers, and so on.
Thyroidectomy and CNLND are considered clean surgical
procedures, and no preoperative antibiotics are required. For
extra precaution, we do give preoperative antibiotics only to
patients with implantable metal devices, immunosuppressed
patients, and patients who require sternotomy or a prolonged
(over 4 hours) procedure, such as total thyroidectomy with
modified radical neck dissection.

Please see “Anatomical Considerations” related to the
anatomy of the RLN, inferior thyroid artery (ITA), tubercle
of Zuckerkandl, and parathyroid glands in Chap. 1 of this
Atlas.

Regarding the difference in the anatomy of the RLN, the
left RLN is located more medially and anteriorly on the
trachea and in the tracheoesophageal groove compared to
the right RLN, where it is ascending more laterally
(Fig. 7.1). It is almost imperative to assume that the left
RLN is so medially and anteriorly located that if the thyroid
lobe is retracted, the RLN will be immediately under the
lobe and, most of the time, attached to the thyroid lobe pos-
teriorly (Video 7.1).

Cephalad
_

Caudal
P-hshhaian

Instruments (See Chap. 1, Fig. 7.3)

Case

A 27-year-old female was presented with incidental findings
of a 3.6-cm right thyroid nodule, with no significant symp-
toms, no history of radiation exposure, and no significant
family history. An ultrasound-guided fine-needle aspiration
biopsy of a nodule showed findings suspicious for follicular
neoplasm (Bethesda category 4). She underwent a right thy-
roid lobectomy. The final pathological diagnosis was consis-
tent with a 3.6-cm follicular variant of papillary thyroid
carcinoma with multiple foci of angioinvasion. At a multidis-
ciplinary tumor board discussion, the left thyroid lobectomy
as completion of a total thyroidectomy with prophylactic
central neck lymph node dissection was recommended. She
has also developed a hypertrophic scar after her previous
right thyroid lobectomy, and scar excision was planned. She
was consented for surgery and presented for the procedure
with the understanding that she will require a lifetime com-
mitment for the thyroid hormone replacement therapy.

Procedure Step By Step

1. Patient position, old scar excision, muscle incision, and
access to the thyroid lobe

2. Lateral mobilization of the left thyroid lobe with divi-
sion of the middle thyroid vein

3. Mobilization and transection of the superior pole vessels
with identification and preservation of the external
branch of the superior laryngeal nerve (EBSLN)

I_ Cephalad

Fig. 7.1 Anatomical location of the left recurrent laryngeal nerve (RLN). Left RLN (arrow) is located in the tracheoesophageal groove. Tr — tra-

chea; Es — esophagus; RLN — recurrent laryngeal nerve
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4. Identification of the left recurrent laryngeal nerve (RLN)

5. Identification and preservation of the left inferior para-
thyroid gland

6. Identification and dissection of the left recurrent laryn-

geal nerve and the left superior parathyroid gland

Transection of Berry’s ligament

. Dissecting the thyroid lobe off the trachea

. Central neck lymph node dissection

10. Irrigation, followed by muscle and skin closure

© © 2

Patient Position, Old Scar Excision, Muscle
Incision, and Access to the Thyroid Lobe

The patient is taken to the operating room and placed in a
supine position. Sequential compression devices are placed

on lower extremities bilaterally for deep venous thrombo-
sis prophylaxis. General anesthesia is administered, and
the patient is intubated using a 7.0 endotracheal tube (ET
tube) with the electrodes for IONM. Both arms are tucked
at the patient’s sides, ensuring the padding of pressure
points is given close attention to mitigate brachial and
ulnar nerve injury. A shoulder roll is placed under the
shoulders for neck hyperextension to promote the visibil-
ity of the surgical site; however, it should not be hanging.
The head is placed in a foam head cradle (Fig. 7.2). Then
flexible laryngoscopy is performed to position the ET tube
IONM electrode over the vocal cords, the ET balloon is
inflated, and the ET tube is secured in place. A ground
electrode for IONM is placed subcuticularly into the left
shoulder. The placement of an esophageal probe is impor-
tant not only for intraoperative temperature monitoring but

Fig.7.2 (a, b). Patient’s position. Patient is positioned supine with a shoulder roll, the head is positioned on a foam cradle and hyperextended. (a)

Lateral view, (b) Anterior view
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also for the identification of the esophagus in case of dif-
ficult dissection.

You can appreciate the appearance of a mildly hypertro-
phic scar from the previous right thyroid lobectomy in
Fig. 7.2b. The patient is prepped with chlorhexidine surgical
skin prep and draped with blue sterile paper drape towels
and strips of an IOBAN antimicrobial adhesive drape to box
off the paper drapes for a tight seal of the field. This is done
to prevent accidental gas leaks from the anesthesia ventila-
tion (to avoid fire hazards from using a Bovie cautery in the
presence of oxygen) and for sterility of the field. Preoperative

antibiotics are not usually given unless the patient is immu-
nosuppressed or has metal implantable devices (joint
replacements, heart valves, defibrillator, and so on), or other
risk factors for infection, and in the presence of a large sub-
sternal goiter.

Skin is marked around the scar (Fig. 7.3a), and the scar is
excised using a #15 blade (Fig. 7.3b). The platysma muscle
is separated at the midline using Bovie cautery (Fig. 7.4).
Adson tonsil forceps are placed under the plain of the pla-
tysma muscle to facilitate the dissection and prevent injury to
the anterior jugular veins.

Fig.7.3 (a, b). Skin marking and scar excision. Skin scar is marked and excised using #15 blade
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Fig. 7.4 Incision of the platysma muscle. The platysma is separated at midline using Bovie cautery
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Fig.7.5 Creation of subplatysmal flaps. Holding the platysma muscle with Allis clamps, subplatysmal flaps are created superiorly by using Bovie
cautery
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Fig.7.6 Creation of subplatysmal flaps. Holding the platysma muscle with Allis clamps, subplatysmal flaps are created inferiorly by using Bovie
cautery

Fig. 7.7 Retraction of the platysmal flaps and exposure of the strap muscles at midline. Weitlaner self-retaining retractors are used to spread the
skin and the platysma muscle edges to expose strap muscles at midline

Holding the platysma with two Allis clamps, subplatys- Weitlaner self-retaining retractors are used to spread the
mal flaps are created superiorly (Fig. 7.5) and inferiorly skin and the platysma muscle edges to expose strap muscles
(Fig. 7.6) by using Bovie cautery. The superior flap should at the midline (Fig. 7.7). By using Adson forceps the, a
be smaller than the inferior flap in order to avoid denerva- space is created under the strap muscles. Then by using the
tion of the superior skin flap, which could present as postop- Bovie cautery, strap muscles are split at the midline along
erative skin numbness at the level of the lower chin. the linea alba (Fig. 7.8).
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Fig. 7.8 Incision of the strap muscle. Strap muscles are split at midline along the linea alba

Lateral Mobilization of the Left Thyroid Lobe
with Division of the Middle Thyroid Vein

The next step is the mobilization of the thyroid lobe off the
strap muscles laterally. Two army/navy retractors are placed to
retract the skin, the platysma, and strap muscles laterally and
inferiorly. When performing lateral retraction by army/navy,
be very careful not to cause significant pressure over the
carotid artery, especially in elderly patients or those with a his-
tory of carotid artery disease (calcifications and occlusion), to
avoid accidental carotid plug dislodgement, which can cause
liberation of the plug into the circulation, which can, in turn,
result in a stroke. By using Adson forceps with peanut, the
thyroid lobe is retracted medially. Army/navy retractors are
used to pull strap muscles and the skin laterally to create con-
tra tension, while Debakey forceps are used to pull some of the
muscle fibers off the thyroid lobe laterally to under the army/
navy retractors (Fig. 7.9a). The middle thyroid vein is mobi-
lized circumferentially with Adson forceps. It is important to
dissect the vein off the underlying carotid artery and jugular
vein to prevent injuries to them. When the vein is mobilized,
the small Gemini right angle forceps are inserted under the
middle thyroid vein to elevate it off the carotid sheet. Then the
middle thyroid vein is transected in between the jaws of the
small Gemini right angle forceps by using the Harmonic focus
device. It is always important to keep the mid thyroid vein
elevated up and away from the carotid sheet with the small
Gemini right angle forceps during this maneuver (Fig. 7.9b).

Mobilization and Transection of the Superior
Pole Vessels with Identification

and Preservation of the External Branch

of the Superior Laryngeal Nerve (EBSLN)

After the middle thyroid vein is transected, two army/navy
retractors are moved superiorly. The first army/navy retrac-
tor is placed lateral to the superior pole with the deep end in,
and the second is medial to the superior pole with the short
end in. By holding the superior pole with Debakey forceps,

it is grabbed with an Allis clamp and pulled inferiorly
(Fig. 7.10). By using Adson forceps (Adson hemostatic
clamp), the avascular space of Reeve (SR) is entered and dis-
sected to separate the superior pole vessels from the crico-
thyroid muscles (Fig. 7.11). Keeping this space dry is crucial
for the safe dissection and prevention of injury to the exter-
nal branch of the superior laryngeal nerve (EBSLN). EBSLN
usually lies medially on or in between the fibers of the crico-
thyroid muscle. By using small Gemini right angle forceps,
several superior pole vessels are dissected and elevated up
(Fig. 7.12). It is important to stay as close to the thyroid lobe
as possible to avoid injury to the EBSLN. Nerve stimulation
(NS) can also be used to determine the location and integrity
of the EBSLN. Then superior pole vessels are transacted
using the Harmonic Focus device in between the jaws of the
Gemini right angle forceps (Fig. 7.13). These steps are
repeated until all superior pole vessels are transected. To
avoid incidental injury to the RLN, dissection should not be
conducted too deep in the proximity to the RLN entrance site
into the cricothyroid muscle. Significant traction on the
superior pole may result in traction on the RLN, neural
stretch, and temporary paralysis.

Identification of the Left Recurrent Laryngeal
Nerve

After the superior pole vessels are completely transacted,
army/navy retractors are replaced laterally and inferiorly
(Fig. 7.14). Keeping the superior Allis clamp on the supe-
rior pole of the left thyroid lobe, the second Allis clamp is
placed on the inferior pole of the left thyroid lobe. Be care-
ful to not accidentally grab the inferior parathyroid gland
during the placement of the lower Allis clamp on the infe-
rior pole. The left thyroid lobe is retracted medially and
anteriorly by pooling on two Allis clamps. Debakey forceps
are used to pull the fibrous tissue overlying the area later-
ally. The RLN is identified by dissecting these tissues with
a mosquito clamp along the area of the presumptive course
of the RLN directed inferiorly (Fig. 7.15a). A nerve stimu-
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Fig.7.9 (a, b). Lateral mobilization of the left thyroid lobe with division  ally to create contra tension, while Debakey forceps are used to pull some
of the middle thyroid vein. Two army/navy retractors are placed to retract ~ of the muscle fibers off the thyroid lobe laterally to under the army/navy
the skin, the platysma, and strap muscles laterally and inferiorly. By using  retractors. The middle thyroid vein is mobilized with Adson hemostatic
Adson hemostatic forceps with peanut, the thyroid lobe is retracted medi- ~ forceps, then with right angle (a) and transected by using the Harmonic
ally. Army/navy retractors are used to pull the strap muscles and skin later- ~ Focus device (b). MTV — middle thyroid vein; LTL - right thyroid lobe
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Fig. 7.10 Mobilization of the superior pole vessels. By holding the superior pole with Debakey forceps, it is grabbed with an Allis clamp and
pulled inferiorly. Arrow is pointing at the superior pole vessels. SP — superior pole
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Fig.7.11 Mobilization of the superior pole vessels. Avascular space of Reeve (SR) is entered and dissected to separate the superior pole vessels
(SPV) from the cricothyroid muscles (CTM)
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Fig.7.12 Mobilization of the superior pole vessels. Gemini right angle ~ determine the location and integrity of the EBSLN. SPV — superior pole
forceps are used to dissect and elevate superior pole vessels. External ~ vessels of the right thyroid lobe, LTL — left thyroid lobe; NS — nerve
branch of the superior laryngeal nerve (EBSLN) monitoring is used to  stimulator probe

Fig.7.13 Transection of the superior pole vessels. Superior pole vessels are transected with the use of the Harmonic Focus device. SPV — superior
pole vessels of the right thyroid lobe; LTL — left thyroid lobe; SP — superior pole
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Fig. 7.14 Identification of the left recurrent laryngeal nerve. Keeping  thyroid lobe to retract the thyroid lobe medially. In order to identify the

the superior Allis clamp on the superior pole (SP) of the thyroid lobe, ~RLN, the dissection starts along the course of the RLN with mosquito

the second Allis clamp is placed on the inferior pole (IP) of the right — clamps going from the cephalad to the caudal direction. LTL — left thy-
roid lobe; Tr — trachea; Es — esophagus

Fig. 7.15 (a, b). Identification of the left recurrent laryngeal nerve.  used to confirm the integrity of the RLN. IONM also can be used to

Holding the tissue, overlapping the area of the presumptive location of  identify the location of the RLN if it is not immediately visualized (b)

the RLN under the thyroid with Debakey forceps and spreading with  and to confirm the integrity of the nerve to prevent extensive traction on

mosquito clamp, the RLN is identified (a). Nerve stimulator (NS) is  the nerve that could result in neuropraxia. LTL — left thyroid lobe; Tr —
trachea; NS — nerve stimulator
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lator (NS) is used to ensure that RLN is intact. IONM also
can be used to identify the location of the RLN if it is not
immediately visualized (Fig. 7.15b). Meticulous dissection
and magnification with surgical loupes make it easier to
identify the position of the RLN and its branches, in rela-
tion to the inferior thyroid artery (ITA), since in 24% of
cases the RLN runs anterior to ITA. Significant traction on
the Allis clamps while holding the thyroid lobe may result
in traction on the RLN with neural stretch and temporary
paralysis (neuropraxia). The left recurrent laryngeal nerve
is located more medially and anteriorly on the trachea and
in the tracheoesophageal groove compared to the right side
RLN, where it is ascending more laterally. It is almost
imperative to assume that most of the time the left RLN is
positioned so medially and anteriorly that if the thyroid
lobe is retracted, the RLN will be immediately under the
thyroid lobe and attached to it posteriorly. If you can’t find
it right away, it is right under the left thyroid lobe and
attached to the thyroid lobe posteriorly, rather than laterally
or inferiorly! Debakey forceps are used to pull the fibrous
tissue overlying the RLN and the ITA laterally, then both
(fibrous tissue and the ITA) are transected with the use of
the Harmonic Focus device.

Identification and Preservation of the Left
Inferior Parathyroid Gland

After the exact location of the RLN is defined, the left infe-
rior parathyroid gland is identified.

Attachments to the left inferior parathyroid gland are gen-
tly held and pulled inferiorly with Debakey forceps. To pre-
vent devascularization and injury to the parathyroid gland,
the traction should be very gentle. Then inferior attachments
between the inferior pole of the left thyroid lobe and the left
inferior parathyroid gland are transected with the Harmonic
Focus device (Fig. 7.16a). The parathyroid gland’s location
is marked with the 5-mm clip (placed on the tissue above the
gland) for future identification and preservation during the
central neck lymph node dissection (Fig. 7.16b, c).

Identification and Dissection of the Left
Recurrent Laryngeal Nerve and the Left
Superior Parathyroid Gland

The left RLN is visualized along the left side of the trachea
ascending from the tracheoesophageal groove toward Berry’s
ligament (Fig. 7.17). It is dissected up toward Berry’s liga-
ment and to its insertion side into the cricothyroid muscle
with a mosquito clamp. The left superior parathyroid gland is
identified below and anteriorly to Berry’s ligament (Fig. 7.18).
The RLN was located right under it and medially. When the

exact location and position of the RLN are outlined, the
attachments between the inferior pole of the left thyroid lobe
and the trachea are transected using the Harmonic Focus
device (Fig. 7.19). This step in the mobilization of the thyroid
lobe will help in performing the next steps of the dissection.
The RLN is seen going under Berry’s ligament and above the
superior parathyroid gland (Fig. 7.20a). Debakey forceps are
used to pull the fibrous tissue overlying the RLN and the infe-
rior thyroid artery laterally. The pair of mosquito forceps is
placed flat with its back curved side on the RLN, and dissec-
tion is directed up toward its insertion site into the cricothy-
roid muscle. Tissues overlying the RLN, including the ITA,
are transected using the Harmonic Focus device. If the RLN
is branched out, the most medial and anterior branch would
be the motor branch. The integrity of the RLN is confirmed
by the nerve stimulator with every step of the dissection to
avoid extensive pulling on the thyroid, which can cause ten-
sion on the RLN, resulting in neuropraxia. Mosquito forceps
are used to create a tunnel space on the top of the RLN,
between the RLN, and under the attachments to the left supe-
rior parathyroid gland (Fig. 7.20a, b). Then the attachments
between the thyroid and left superior parathyroid gland are
transected using the Harmonic Focus device (Fig. 7.21).

Transection of Berry’s Ligament

By using the Debakey forceps, fibrous tissues attaching
Berry’s ligament to the trachea are retracted laterally. A tun-
neled space is created under these attachments by using mos-
quito forceps. Without replacing the Debakey forceps and by
holding these fibrous tissues, gentle traction is applied up
and laterally while inserting the lower jaw of the Harmonic
Focus device into the tunneled space. Always keep the RLN
in full view. The superficial layer of this fibrous tissue is tran-
sected opening the tunneled space. These steps can be
repeated until the entire Berry’s ligament is completely
detached from the trachea (Fig. 7.22).

Dissecting the Thyroid Lobe Off the Trachea

By using mosquito forceps, a space in between the thyroid
lobe and trachea is created. The lower jaw of the Harmonic
Focus device is inserted into that space, and the thyroid lobe
attachments to the trachea are divided superiorly and then
inferiorly. Always keep the top “active” (non isolated) jaw of
the Harmonic Focus device away from the trachea to avoid
an accidental burning injury to it or to prevent tracheal pen-
etration. The scar from the previous removal of the right thy-
roid lobe at the midline and the left thyroid lobe is transected
using the Harmonic Focus device (Fig. 7.23a, b).
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Fig. 7.16 (a—c). Identification and preservation of the left inferior
parathyroid gland. After the exact location of the RLN is defined, the
left inferior parathyroid gland is identified and inferior attachments
between the inferior pole of the left thyroid lobe and the left inferior
parathyroid gland are transected with the Harmonic Focus device (a).
The parathyroid gland location is marked with the 5-mm clip (placed on

the tissue above the gland) for future identification and preservation
during the central neck lymph node dissection (b). Mosquito clamp is
pointing at the attachments toward the top portion of the left inferior
parathyroid gland that is marked with the 5-mm clip (¢). LTL — left
thyroid lobe; IPG — left inferior parathyroid gland; RLN — recurrent
laryngeal nerve
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Fig. 7.17 Identification and dissection of the left recurrent laryngeal It has been dissected with mosquito clamps in a superior direction
nerve. The left RLN is visualized along the left side of the trachea  toward its insertion site. Mosquito is pointing at the RLN. LTL — left
ascending from the tracheoesophageal groove toward Berry’s ligament.  thyroid lobe; RLN — recurrent laryngeal nerve

Fig. 7.18 Identification of the left superior parathyroid gland. Left ligament (mosquito is pointing at the left superior parathyroid gland).
superior parathyroid gland is identified below and anteriorly to Berry’s ~ LTL — left thyroid lobe; RLN — recurrent laryngeal nerve; SPG — left
superior parathyroid gland

s

Fig. 7.19 Transection of attachments between the inferior pole of the ~ Harmonic Focus device. This step will help in performing the following
left thyroid lobe and the trachea. The attachments between the inferior  dissection of the RLN. Arrow is pointing at the RLN. RLN — recurrent
pole of the left thyroid lobe and the trachea are transected using the  laryngeal nerve, LTL —left thyroid lobe; RLN —recurrent laryngeal nerve
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Fig.7.20 (a, b). Dissection and preservation of the left superior para-  top of the RLN, in between the nerve, and under the attachments to the
thyroid gland. Mosquito forceps are used to create a tunnel space on the  left superior parathyroid gland. SPG — left superior parathyroid gland,
LTL — left thyroid lobe; RLN — recurrent laryngeal nerve
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Fig.7.21 Dissection and preservation of the left superior parathyroid gland. Attachments between the thyroid and left superior parathyroid gland
are transected using the Harmonic Focus device. LTL — left thyroid lobe
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Fig. 7.22 Transection of Berry’s ligament. Space is created between
the Berry’s ligament and the trachea using mosquito clamp. Harmonic
Focus device is used to transect attachments of Berry’s ligament to the

Central Neck Lymph Nodes Dissection

In our case, there were no positive or enlarged lymph nodes
identified, and prophylactic CNLND dissection on the left
was performed. Prelaryngeal lymph nodes (including
Delphian) were removed, together with the pyramidal lobe,
during the previous right thyroid lobectomy.

The exact location of the RLN is identified (including all
branches if present) from its insertion site at the cricothy-
roid muscle down to the thoracic inlet (Fig. 7.24a). The left
RLN lies more medially and anteriorly in the tracheoesoph-
ageal groove, compared to the right RLN. Using an Adson
(or tonsil) clamp, the RLN is dissected off the fibroadipose
tissues overlying it anteriorly and laterally (Fig. 7.24b). By
gently grabbing the fibroadipose tissues overlying the RLN
with Debakey forceps and applying gentle traction anteri-
orly and superiorly, the Adson (or tonsil) clamp is used to
dissect the fibroadipose tissues with lymph nodes off the
nerve while trying to maintain an en bloc technique
(Fig. 7.25a). The Harmonic Focus device is used to transect
medial attachments of the fibroadipose tissues with lymph
nodes to the trachea, keeping the RLN in full view
(Fig. 7.25b).

Then with the Debakey forceps and applying gentle trac-
tion anteriorly and superiorly, the fibroadipose tissues with
lymph nodes are dissected using the Adson (or tonsil) clamp
down into the thoracic inlet and anteriorly over the trachea
(inferior pretracheal lymph nodes above the sternal notch),
dissecting them off the RLN on the left and trying to main-
tain an en bloc technique (Fig. 7.26a). A nerve stimulator is
used to confirm the integrity of the RLN in each step of the
dissection (Fig. 7.26b). The Harmonic Focus device is used
to transect inferior attachments of the fibroadipose tissues
with lymph nodes, keeping the RLN in full view (Fig. 7.27).

When doing inferior dissection, be careful not to injure
the thoracic duct.

trachea. Arrow is pointing to the RLN, which is also outlined by two
white lines; BL — Berry’s ligament; LTL — left thyroid lobe; SPG — left
superior parathyroid gland

The left inferior parathyroid gland was previously marked
with a small 5-mm titanium clip and should be preserved. It
is usually located more anteriorly and laterally, most often
found in the thyrothymic tract. Freeing up the gland from its
medial fibroareolar attachments helps in to moving it later-
ally on its vascular pedicle and away from the area of dissec-
tion. Preserving the left inferior parathyroid gland could be
challenging with bulky central lymphadenopathy. If a para-
thyroid gland becomes devascularized, it should be reim-
planted into the ipsilateral sternocleidomastoid muscle, after
confirming with the intraoperative frozen section that it is
indeed a parathyroid gland. Compartment-oriented dissec-
tion is critical, and no “berry picking” should be performed.

Irrigation, Followed by Muscle and Skin
Closure

The wound is irrigated with sterile saline solution or sterile
water (Fig. 7.28a), then a Valsalva maneuver is performed to
create a positive intrathoracic pressure, which helps visualize
any bleeding vessels and confirm the absence of any air leak
indicating tracheal injury. Fibrillar, a hemostatic and bacteri-
cidal agent, is placed in the cavity (Fig. 7.28b). We do not use
drains. Then the wound is closed by layers with interrupted
3.0 Vicryl to the strap muscles, leaving the lower part of the
strap muscles open (Fig. 7.29a). Placing interrupted sutures,
rather than running, and leaving the lower part of the muscle
open help manage a potential hematoma or seroma without
opening the entire incision. This could be done in the office
without going to the operating room. Then the platysma mus-
cle is closed with interrupted 4.0 Vicryl (Fig. 7.29b). The skin
is closed with a single running 5.0 Monocryl (Fig. 7.30a),
leaving the ends of the stitch on both sides of the incision
without nodes. Dermabond is placed on the wound, and the
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Fig. 7.23 (a, b). Dissecting the thyroid lobe off the trachea. The
remaining attachments between the trachea and left thyroid lobe (a)
and the scar from previous removal of the right thyroid lobe at midline

ends of the Monocryl stitch are cut at the level of the skin
without leaving any nodes. (Fig. 7.30b).

After the patient is extubated, a flexible laryngoscopy is
performed to confirm the normal function of the vocal
cords. An ice pack is placed on the neck over a towel in the
recovery room. The patient is observed for approximately

Cephalad

(b) are transected using the Harmonic Focus device. LTL — left thyroid
lobe; Tr — trachea

5-6 hours in an outpatient recovery unit and monitored to
make sure there are no hematoma developments.
Approximately 2 weeks later, the patient follows up in the
office for a postoperative wound check and to review
pathology results.
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Fig. 7.24 (a, b). Central neck lymph node dissection. Trachea is retracted with the peanut, exposing the CNLN compartment (a). Dissection is
carried out with Adson clamp on the top of the RLN (b). Tr — trachea; RLN — recurrent laryngeal nerve

Surgical Pearls and Management Thoracic Duct Injury
of Complications

If a chyle leak is detected during the surgery (white milky
Please see Chap. 1 for “Surgical Pearls,” the management of fluid is coming out from the inferior part of the wound), a
postoperative hematoma, postoperative hypocalcemia, and thoracic duct injury should be suspected. Since in most cases
RLN injury. the duct itself will not be visualized, all attempts should be
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Fig.7.25 (a, b). Central neck lymph node dissection. By holding with
Debakey forceps the fibroadipose tissues with lymph nodes, the under-
lying left RLN is dissected off (a). The Harmonic Focus device is used

made to either put a large clip on the area of a leak or ligate
the area of the leak even without identifying the thoracic duct
itself. It can be achieved by gently grabbing the area of a leak
with the Debakey forceps and placing the large clip on a
fibrous tissue under the Debakey forceps. Creating an
increased intrathoracic pressure by performing a Valsalva

G oy dal

4_ caudal

ﬁ

to transect medial tracheal attachments of fibroadipose tissues with
lymph nodes (b). RLN — recurrent laryngeal nerve, CNLN — central
neck lymph node specimen, Es — esophagus

cephalad

maneuver or giving a methylene blue dye intravenously or
giving a dose of propofol will help identify the area of the
leak and confirm the seal after the ligation or clip placement.
Be careful not to put a clip on or ligate the subclavian vein or
internal jugular vein since the thoracic duct enters at the con-
fluence of those veins.
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Fig. 7.26 Central neck lymph node dissection (paratracheal). (a); nerve stimulator is used to confirm integrity of the RLN with each
Paratracheal fibroadipose tissues with lymph nodes are dissected using  step of the dissection (b). RLN — recurrent laryngeal nerve, CNLN —
Adson clamp down into the thoracic inlet and anteriorly over the RLN  central neck lymph node specimen
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Fig. 7.27 Central neck lymph node dissection (pretracheal). The ~RLN in full view. Tr —trachea, RLN — recurrent laryngeal nerve,
Harmonic Focus device is used to transect inferior pretracheal ~CNLN — central neck lymph nodes specimen, HFD — Harmonic
attachments of fibroadipose tissues with lymph nodes, keeping the ~ Focus device

Fig.7.28 (a, b). The wound is irrigated (a), and the Valsalva maneuver is performed. Then Fibrillar is placed into the wound (b)
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Fig. 7.29 (a, b). Wound closure. The strap muscles are approximated with interrupted 3.0 Vicryl (a), leaving the lower part of the wound open.
The platysma is closed with interrupted 4.0 Vicryl (b)
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Fig.7.30 (a, b) Wound closure. Skin is closed with a single running 5.0 Monocryl, leaving the ends of the stitch on both sides of the incision without
nodes (a). Dermabond is placed on the wound, and the ends of the Monocryl stitch are cut at the level of the skin without leaving any nodes (b)
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Total Thyroidectomy

Rafael Humberto Pérez-Soto, Alicia Maybi Trolle-Silva,

and Miguel F. Herrera

Introduction

Thyroid resection, either lobectomy or total thyroidectomy,
is the most common surgical endocrine operation [1].
Although in the last decades new surgical approaches have
been described, conventional open thyroidectomy remains
the gold standard for the surgical treatment of both benign
and malignant disorders [2-9] Since the refinement of this
surgical procedure by the Nobel Prize awarded surgeon
Theodore Kocher, advancements in surgical techniques and
the development of ancillary tools such as surgical loupes,
advanced energy devices, and intraoperative neuromonitor-
ing (ioNM) systems have helped in diminishing operative
time and procedure-associated complications. Although
their use is not compulsory, it is recommended by the cur-
rent scientific literature [10, 11-14]. In addition, the devel-
opment of endocrine surgery training programs has
significantly improved the outcomes of patients with thy-
roid-related disorders [15].
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It is noteworthy to mention that in order to perform a thy-
roidectomy, it is important to have a deep knowledge of the
neck’s surgical anatomy and procedure indications. Before
surgery, a complete clinical and biochemical patient assess-
ment, as well as a joint discussion with the patient regarding
the extent of the surgical procedure, potential complications,
and expectations, is highly important [16].

Surgical Procedure

A 30-year-old woman presented to the endocrine surgery
outpatient clinic with an incidentally diagnosed papillary
thyroid microcarcinoma (mPTC). She was asymptomatic
and biochemically euthyroid. She had an irrelevant familiar
and past medical history. Using ultrasonography, a 1-cm
lesion was observed near the posterior capsule of the left thy-
roid lobe. Fine-needle aspiration was performed, observing
cytological findings consistent with papillary thyroid carci-
noma. After a thorough discussion of the therapeutic alterna-
tives, total thyroidectomy was elected.

The procedure is performed under general anesthesia
using endotracheal tube for intraoperative nerve monitoring.
The patient is placed in a supine position with a 30-degree
chest elevation and slight cervical extension to enhance
neck exposure. Both arms are tucked into the body (Fig. 8.1a,
b). The neck is prepped, and anatomical references, such as
the thyroid cartilage, sternal border, and incision site, are
marked (Fig. 8.2). A 5-cm semi-collar skin incision is per-
formed following Langer’s skin tension lines (Fig. 8.3).
Further in-depth dissection of the subcutaneous fat and tran-
section of the platysma muscle is performed using monopo-
lar cautery (Fig. 8.4). Myocutaneous (subplatysmal) flaps
are created, first in the cephalad direction up to the upper
edge of the thyroid cartilage (Fig. 8.5), followed by the cau-
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Fig. 8.1 Patient preparation. (a) Supine position with complete adduction of the arms and a 30-degree torso elevation. (b) Partial neck extension

is used to improve cervical exposure

Thyroid
cartilage

Sternal
border

Fig. 8.2 Landmarks. Anatomical references are drawn with a surgical pen at the thyroid cartilage, superior sternal border, and incision site

dal flap up to the upper sternal border (Fig. 8.6). Special
care must be taken to avoid anterior jugular vein injury. An
automatic retractor is positioned. The strap muscles at the
midline (linea alba cervicalis) are incised using ultrasonic
advanced energy (Fig. 8.7).

The diseased thyroid lobe is initially approached, mobi-
lizing the left strap muscles laterally (Fig. 8.8) until the left
carotid sheath is exposed (Fig. 8.9). The left carotid sheath is

opened and the vagus nerve is identified for an initial func-
tional evaluation (V1) using the ioNM equipment (Fig. 8.10a,
b). The plane between the medial aspect of the superior pole
and the cricothyroid muscle (inter-cricothyroid space) is
opened (Fig. 8.11), and the external branch of the superior
laryngeal nerve (EBSLN) is identified both visually and
functionally (S1) (Fig. 8.12a, b). The superior vascular pedi-
cle is controlled using ultrasonic energy, ensuring that no
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Fig. 8.3 Skin incision. A 5-cm low-collar incision following Langer’s skin lines is performed using a #15 scalpel blade

Fig. 8.4 In-depth dissection. Further in-depth dissection is carried out through subcutaneous fat tissue and platysma muscle transection using

monopolar cautery

thyroid tissue is left behind and that the EBSLN is preserved
(Fig. 8.13). Further lateral dissection of the upper thyroid
lobe is carried out with identification and preservation of the
superior parathyroid gland, along with its vascular supply
(Fig. 8.14). The left recurrent laryngeal nerve (RLN) is iden-
tified visually (Fig. 8.15), and an initial functional evaluation
(R1) is performed (Fig. 8.16a,b). The inferior pole of the left
thyroid lobe is dissected, identifying and preserving the infe-
rior parathyroid gland (Fig. 8.17). The branches of the infe-

rior thyroid artery are transected, the thyroid lobe is retracted
medially, and Berry’s ligament is divided. Lobectomy is
completed with the transection of the thyroid isthmus
(Figs. 8.18 and 8.19).

The left thyroid lobe is inspected, identifying the tumor
(Fig. 8.20). Postdissection functional evaluation of the left
vagus nerve (V2), EBSLN (S2), and RLN (R2) is performed,
as well as visual confirmation of the integrity and viability of
the parathyroid glands (Fig. 8.21a—d). Right lobectomy is
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Fig. 8.5 Superior subplatysmal flap. (a) Cephalic dissection of a myocutaneous flap is performed using monopolar cautery and blunt dissection
(b) until the thyroid cartilage is reached

Fig. 8.7 Strap muscle midline incision. The strap muscles at the midline are identified and separated using an ultrasonic energy device
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Left Left
thyroid lobe  strap muscles

Fig. 8.8 Mobilization of strap muscles. Blunt dissection of the left strap muscles is performed to achieve their complete mobilization laterally and
the exposure of the entire left thyroid lobe. Attachments of the strap muscles to the thyroid capsule are divided using an ultrasonic energy device

Left Carotid  Internal
thyroid lobe  artery jugular
vein

Fig. 8.9 Carotid sheath exposure. Lateral mobilization of strap muscles is continued until the carotid sheath is visualized

Carotid Vagus Internal
artery nerve jugular
vein

Fig. 8.10 Initial vagus nerve functional evaluation (V1). (a) The the stimulating probe of the io0NM equipment, and EMG signal is
carotid sheath is opened through blunt dissection, and the vagus nerve  recorded in the ioNM monitor
is identified and exposed. (b) Functional evaluation is carried out with
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Fig. 8.11 Inter-cricothyroid space dissection. The avascular space between the upper thyroid lobe and the cricothyroid muscle is opened using
blunt dissection

Fig.8.12 Initial EBSLN functional evaluation (S1). (a) The EBSLN is identified within the inter-cricothyroid space, and (b) functional evaluation
using the ioNM equipment is performed

Fig. 8.13 Control of the superior vascular pedicle. Blunt dissection of the superior vascular pedicle is performed. Hemostasis and section of the
superior thyroid vessels is achieved using the ultrasonic energy device
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Fig. 8.14 Identification and preservation of the superior parathyroid

gland. Further blunt dissection is carried out in the superior third of the
thyroid lobe. Identification of the superior parathyroid gland is achieved,

and careful dissection of its vascular supply is performed. The most

common anatomical reference for superior parathyroid gland localiza-
tion is a 1-cm distance above the intersection of the recurrent laryngeal
nerve and the inferior thyroid artery

Fig.8.15 Identification of the recurrent laryngeal nerve. Lateral blunt dissection is continued, and the RLN is identified in the tracheoesophageal
groove

carried out in a similar fashion (Fig. 8.22a—f). The central
neck compartment is inspected, looking for suspicious
lymph nodes for metastatic disease that were absent.
Hemostasis is assured, and the strap muscles are approxi-
mated using interrupted 4-0 absorbable sutures (Fig. 8.23).
The platysma muscle and subcutaneous fat tissue are closed
using inverted interrupted sutures with 4-0 absorbable mate-

rial (Fig. 8.24). Finally, the skin is closed with a subcutane-
ous running 5-0 absorbable sutures (Fig. 8.25).

Biochemical workup the day after surgery showed an
albumin-corrected calcium serum level of 9.0 mg/dL (normal
range: 8.6—10.3 mg/dL), phosphorus serum level of 4.6 mg/
dL (normal range: 2.5-5 mg/dL), and PTH serum level of
43.10 pg/mL (normal range: 12—-88 pg/mL). The patient was
then discharged uneventfully (Video 8.1).
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Fig. 8.16 Functional assessment of RLN. (a) The RLN is stimulated with ioNM probe, and (b) EMG signal is recorded in the ioNM equipment
monitor

parathyroid
gland

. inferiorleft
e '-_

Fig. 8.17 Identification and preservation of the inferior parathyroid gland. Inferior thyroid pole is dissected, and inferior parathyroid gland iden-
tification is achieved. Subcapsular dissection prevents the injury to inferior thyroid artery branches supplying the parathyroid tissue
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Fig. 8.19 Lobectomy. Attachments of the left thyroid lobe to the trachea are divided, assuring the safety of the RLN

Fig.8.20 Specimen assessment. The resected left thyroid lobe is inspected to identify the lesion and inadvertently removed parathyroid glands
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Fig. 8.21 Postlobectomy surgical field assessment. Before deciding to approach the contralateral lobe, functional evaluation of the (a) vagus
nerve (V2), (b) RLN (R2), and (¢) EBSLN (S2) is performed, followed by (d) parathyroid gland vascular supply assessment
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Fig. 8.22 Contralateral lobectomy. Contralateral thyroid lobe resec-
tion is carried out following the same steps. (a) Strap muscles mobi-
lization, (b) inter-cricothyroid space dissection with EBSLN
identification, (c) lateral blunt dissection of the thyroid lobe with

identification of parathyroid gland tissue, (d) RNL identification, (e)
transection of thyroid lobe attachments to the trachea, and (f) post-
dissection nerve functional evaluation and parathyroid gland vascu-
lar supply

Fig.8.23 Strap muscle approximation. The strap muscles at the midline are approximated using interrupted 4-0 absorbable sutures. Care must be

taken to avoid injuries to the anterior jugular veins
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Fig.8.24 Platysma muscle closure. The platysma and subcutaneous fat tissue are closed using inverted and interrupted 4-0 absorbable sutures

Fig. 8.25 Skin closure. A subcutaneous running 5-0 absorbable suture is used to close the skin incision
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Left Thyroid Lobectomy
and Isthmusectomy

Rajshri M. Gartland and Richard A. Hodin

Introduction

Open thyroidectomy remains the most common approach
for the management of benign and malignant thyroid
pathologies. While recurrent laryngeal nerve monitoring
(RLNM) has become an increasingly popular adjunct in
thyroid surgery over the past few decades, no large-scale
multi-institutional studies have demonstrated a significant
difference in RLN injury rates with its use, and many high-
volume surgeons continue to rely solely on intraoperative
visualization and knowledge of normal and variant anat-
omy to preserve RLN structure and function during thy-
roidectomy. In addition, novel hemostatic devices, such as
electrothermal bipolar vessel sealers and ultrasonically
activated shears, have become increasingly utilized in thy-
roid surgery; while these tools have been shown to be effec-
tive, they are also more expensive than traditional modes of
effective hemostasis, such as knot tying, clips, and mono-
polar electrocautery. In this chapter, a safe, reliable, effi-
cient, and low-cost technique for left thyroid lobectomy
and isthmusectomy, without the use of RLNM or a vessel-
sealing device, is described.

Description: Left Thyroid Lobectomy
and Isthmusectomy

A 45-year-old man presented with a 1.2-cm left thyroid
nodule, which was found to be suspicious for follicular
neoplasm on a fine-needle aspiration biopsy. After a dis-
cussion of the risks, benefits, and alternatives to surgery,
the patient opted to undergo a left thyroid lobectomy. He
was brought to the operating room and positioned supine.
After general endotracheal anesthesia was induced, the
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Fig.9.1 A natural skin crease between the cricoid cartilage and sternal
notch was marked in the preoperative area and remarked prior to skin
incision

patient’s neck was extended and prepared and draped in a
sterile fashion.

After a time-out was performed to verify patient, pro-
cedure, laterality, and other important case details, a stan-
dard skin incision was made in a natural skin crease,
which was initially marked in the preoperative area
(Fig. 9.1). The subcutaneous tissues and platysma were
divided with electrocautery (Fig. 9.2). Subplatysmal flaps
were raised superiorly and inferiorly (Fig. 9.3). After
insertion of a self-retaining spring retractor (Fig. 9.4), the
cervical fascia was incised in the midline. Electrocautery
was used to expose the trachea at the inferior border of the
isthmus (Fig. 9.5), and then the isthmus was divided with
electrocautery at its junction with the right thyroid lobe
(Fig. 9.6).
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The left strap muscles were reflected laterally, and the
left thyroid lobe was mobilized medially (Fig. 9.7). The
thyroid lobe contained a palpable nodule, and no extracap-
sular extension or adenopathy was seen. Next, the superior
pole vessels were exposed and ligated (Figs. 9.8, 9.9, 9.10,
and 9.11). Care was taken to avoid injury to the external
branch of the superior laryngeal nerve. The loose areolar
tissue attached to the thyroid capsule was gently swept
posteriorly, which enabled the preservation of both the
superior and inferior parathyroid glands (Fig. 9.12). The
recurrent laryngeal nerve was then identified close to its
insertion in the larynx, and a right-angle dissector was
used to trace the nerve inferiorly (Figs. 9.13 and 9.14).
With the recurrent laryngeal nerve in view, the lower pole
attachments were clipped close to the thyroid capsule and
ligated with electrocautery down to the level of the trachea
(Fig. 9.15). The thyroid lobe was dissected off the trachea
using a combination of clips and electrocautery, leaving a
tiny remnant in the adherent zone for safety reasons
(Figs. 9.16 and 9.17). The isthmus and pyramidal lobe
were removed with the specimen. Cautery was applied to

the cut edge of the right thyroid lobe for hemostasis
(Fig. 9.18).

The wound bed was irrigated, and hemostasis was tested
in the Trendelenburg position with positive pressure. The
wound was closed in layers using 4-0 silk stitches to approxi-
mate the strap muscles and platysma (Figs. 9.19 and 9.20).
Absorbable sutures can be used instead of silk, but silk
stitches are chosen to facilitate the identification of tissue
layers if there is a need for a second operation (e.g., comple-
tion thyroidectomy). The skin was closed with a subcuticular
stitch using 4-0 Monocryl, and the incision was covered with
Steri-Strips (Fig. 9.21).

The patient tolerated the procedure well without complica-
tions. Total operative time, including the induction of anesthe-
sia, was less than an hour. Perioperative steroids and ketorolac
were administered to reduce perioperative pain and nausea. He
was observed in the recovery room for 4 hours, where he
remained hemodynamically stable with a soft neck and normal
voice. His pain was controlled without the use of narcotics, and
he was tolerating a diet. He was thus discharged home. His final
pathology was notable for a 1.2-cm follicular adenoma.

Fig. 9.2 The subcutaneous tissues and platysma were divided with
electrocautery

. Platysma
Cervical

fascia Cervical

fascia

Subplatysmal
plane

Fig. 9.4 Moist gauze was used to protect the skin edges, and an insu-
lated spring retractor was used to provide exposure

Platysma

Subplatysmal plane

Fig. 9.3 An inferior subplatysmal flap was raised to the level of the sternal notch
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overlying right
thyroid lobe

Right pretracheal
tissue below
level of isthmus

Strap muscle
overlying right
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Fig. 9.5 Electrocautery was used to expose the trachea at the level of the inferior border of the isthmus

Isthmus
Trachea
Trachea
Strap muscle
overlying right
thyroid lobe
Strap muscle
overlying right
thyroid lobe
Fig.9.6 The isthmus was divided at its junction with the right thyroid lobe using electrocautery
o Avascular
plane
Sternothyroid
muscle
Avascular plane Sternothyroid
Left thyroid lobe muscle
Left thyroid
lobe Cut edge of
isthmus

Fig. 9.7 The left strap muscles were reflected laterally, and the left thyroid lobe was mobilized medially by dividing the loose areolar tissue in this
relatively avascular plane

Superior pole
vessels

Superior = )
pole vessels Superior Superior pole of
pole of left left thyroid lobe
thyroid lobe
Cut edge of
isthmus

Fig. 9.8 The superior pole of the thyroid was grasped with a Kelly clamp and lifted anteriorly and laterally to facilitate exposure of the superior
pole vessels



112 R. M. Gartland and R. A. Hodin
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Fig. 9.9 Care was taken to avoid injury to the external branch of the superior laryngeal nerve by gingerly teasing away any muscle and tissue
adhered to the thyroid capsule medially

2 clips placed

over superior
2 clips placed over

superior pole vessels
staying close to
thyroid capsule

pole vessels
staying close to
thyroid capsule

Fig.9.11 After the superior pole vessels were clipped,
electrocautery was used to divide the tissue between the
clips and the thyroid capsule. This sequence was
repeated until the superior pole of the thyroid was free

Clips across
superior pole

vessels Superior pole of

left thyroid lobe

Electrocautery
applied inferior
to clips and
close to thyroid
capsule

Loose areolar
tissue teased
off left thyroid

Preservation of capsule

Loose areolar superior
Preservation of tissue teased parathyroid
superior gland

off left thyroid

parathyroid gland capsule

Left thyroid lobe
retracted medially
and anteriorly

Left thyroid lobe
retracted medially
and anteriorly

Fig. 9.12 The loose areolar tissue attached to the thyroid capsule was gently swept posteriorly. This maneuver enabled the preservation of both
the superior and inferior parathyroid glands
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Right angle
dissection
directly over
nerve to expose
inferior
trajectory

Fig.9.13 The recurrent laryngeal nerve was
identified close to its insertion in the larynx, and a
right-angle dissector was used to trace the nerve
inferiorly
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laryngeal nerve
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laryngeal nerve
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Left recurrent
laryngeal nerve
ne Left recurrent
Thyroid lobe retracted laryngeal nerve

medially while
electrocautery used to
peel lower pole
attachments off trachea

Fig.9.15 With the recurrent laryngeal nerve in view, the lower pole attachments were clipped close to the thyroid capsule and ligated with elec-
trocautery down to the level of the trachea

Intermittent irrigation
to keep surgical
field cool

Left recurrent
laryngeal nerve

Intermittent
irrigation to
keep surgical

Left recurrent
laryngeal

nerve :
Electrocautery field cool
through thyroid Trachea Electrocautery
tissue medial through thyroid
and anterior tissue medial
to nerve with and anterior to Trachea
tiny remnant nerve with tiny
left behind remnant left
behind

Fig.9.16 With the entire trajectory of the nerve in view, the thyroid tissue medial and anterior to the nerve was incised with electrocautery, leav-
ing a tiny remnant in the adherent zone for safety reasons. Intermittent irrigation was used during this maneuver to keep the surgical field cool
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Fig.9.17 The isthmus and pyramidal lobe were removed with the specimen

Cut edge of
right thyroid
Trachea \
Cut edge of obe
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Fig. 9.18 Electrocautery was applied to the cut edge of the right lobe for hemostasis

Left sternohyoid

muscle and H
overlying cervical Approximated
fascia platysma

Right sternohyoid
muscle and
overlying cervical
fascia

Fig. 9.20 The platysma was reapproximated with interrupted 4.0 silk

Fig. 9.19 The sternothyroid was approximated with one 4-0 silk fig- X
stitches

ure-of-eight stitch, and the sternohyoid and cervical fascia were reap-
proximated with a running 4-0 silk stitch to provide coverage of the
trachea
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Fig.9.21 The skin was closed with a running
subcuticular 4-0 Monocryl stitch and topped with
Steri-Strips
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Adam Ofri and Mark Sywak

Introduction

The current American Thyroid Association (ATA) Guidelines
recommend total thyroidectomy for intermediate and high-
risk differentiated thyroid cancer (DTC) patients with either
T3, N1, or M1 disease [1]. Patients with low-risk DTC can
undergo either total thyroidectomy or lobectomy; however,
the decision-making is dependent on whether radioactive
iodine (RAI) therapy is likely to be recommended. Our total
thyroidectomy technique employs an energy-based vessel-
sealing device (LigaSure®) for vessel ligation and routine
neural integrity monitoring (NIM). The safety and efficiency
of the “sutureless thyroidectomy” have been well docu-
mented, and we have incorporated this approach into our
practice for over 15 years [2]. Though the routine use of NIM
for the preservation of the recurrent laryngeal nerve (RLN)
and external branch of the superior laryngeal nerve (EBSLN)
remains controversial [3], we continue to use this as an
adjunct in our technique to confirm nerve function rather
than as a primary means to identify the nerve. NIM is par-
ticularly useful in the setting of difficult re-operative surgery
and complex thyroid cancer procedures.

Central lymph node dissection (CLND) is recommended
for patients, with clinically involved central nodes and should
be considered in T3 or CIND patients; or if it will impact
further therapy. The typical pattern of nodal spread for papil-
lary thyroid carcinomas (PTC) is central then lateral [4];
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thus, the most common site of metastatic PTC is at level VI
lymph nodes [5]. Cervical lymph node spread can occur
early in PTC with evidence of subclinical metastases in Tla
PTC [6, 7]. Studies have shown the benefit of routine CLND
in PTC, with lower post-operative thyroglobulin levels and a
reduction in the need for re-operation in the central compart-
ment, with no increase in long-term morbidity [6, 8].

Pre-operative preparation requires careful consultation
with the patient to obtain informed consent, with a discus-
sion of the potential risks and benefits of the procedure. All
patients must undergo an assessment of the vocal fold func-
tion with either fibre-optic laryngoscopy, vocal fold ultra-
sound, or voice handicap questionnaire. In the setting of
known thyroid cancer, we recommend that fibre-optic laryn-
goscopy be performed in all cases. It is important to note that
pre-existing vocal cord paralysis can occur in both benign
and malignant thyroid diseases [9].

Procedure

A 40-year-old female was referred to our endocrine surgical
service for the management of subclinical thyrotoxicosis and
incidentally discovered papillary thyroid carcinoma. The
patient was undergoing investigations prior to commencing
assisted reproductive treatment with in vitro fertilisation. She
was found to have a mildly suppressed thyroid-stimulating
hormone (TSH) of 0.12 mU/L (0.45-4.12 mU/L). There were
no overt symptoms of thyrotoxicosis, and she had a regular
menstrual cycle. Her past history was unremarkable, aside
from previous surgery for a paraumbilical hernia. She gave no
history of prior radiation exposure. There was a family his-
tory of benign multinodular goitre in a paternal uncle. On
physical examination, she had a firm 15-mm right thyroid
nodule; there was no palpable lymphadenopathy, and she
looked clinically euthyroid. Thyroid ultrasound identified a
multinodular goitre with a suspicious 17-mm heterogeneous
right thyroid nodule with microcalcifications (TIRADS 5).
There was a suspicious 8-mm irregular nodule in the left thy-

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022 17
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Fig. 10.1 A central 4-cm transverse marking is placed in an appropriate cervical skin crease

roid lobe (TIRADS 5). In addition, there were two hypoechoic
suspicious right central compartment lymph nodes. Fine-
needle biopsy of the right and left thyroid nodules confirmed
papillary thyroid carcinoma (Bethesda VI). In view of the
multifocal papillary thyroid cancer and suspicious central
compartment lymph nodes, the patient was consented for, and
underwent, total thyroidectomy and CLND.

At surgery, the patient is routinely intubated with a NIM
electromyogram (EMG) tracheal tube, with right-sided chest
leads placed to facilitate a working NIM system. Under gen-
eral anaesthetic, the patient is placed in a supine position with
both arms in complete adduction and cervical extension. A
central 4-cm transverse marking is placed in an appropriate
cervical skin crease (Fig. 10.1). Incision site and bilateral
superficial cervical plexus blocks are performed (Fig. 10.2).
The skin is prepared with 10% povidone-iodine solution. The
surgery commences with a blade incision to the skin and elec-
trocautery to divide through subcutaneous tissue and pla-
tysma. A combination of electrocautery and blunt dissection
is used to create sub-platysmal flaps in a plane anterior to the
anterior jugular vessels, assisted by Monehan and then
Kocher retractors (Fig. 10.3). The superior flap dissection
extends to the cricothyroid and the inferior flap to the sternal
notch. Fascia is opened in the midline longitudinally
(Fig. 10.4) and the strap muscles separated. Sternohyoid and

sternothyroid are individually divided transversely with
LigaSure if required to facilitate thyroid access (Fig. 10.5).
Capsular dissection of the strap muscles off the thyroid is per-
formed with diathermy and blunt dissection to facilitate supe-
rior and inferior exposure of the thyroid — assisted by Kocher
and Langenbeck retractors. The remnant thyroglossal duct is
dissected free using electrocautery, taking care to completely
excise the thyroglossal remnant. The pyramidal lobe is mobil-
ised at the superior aspect of the thyroid isthmus (Fig. 10.6).
The anteriorly, associated Delphian lymph node is included in
this dissection. Once this is dissected free superiorly, it is then
retracted to facilitate in creating a plane deep into the thyroid
isthmus. Right-angle forceps are used to further dissect the
plane anterior to the trachea, with LigaSure used to divide the
isthmus completely (Fig. 10.7). Division of the thyroid isth-
mus is not performed if the thyroid cancer is centrally located.
The remnant duct and Delphian node are then completely
excised and sent for histopathological assessment.

At this stage, the ipsilateral carotid sheath is opened, and
vagal nerve stimulation (V1) is performed to confirm recur-
rent laryngeal nerve function (Fig. 10.8). Once confirmed, the
pathological hemithyroid is mobilised, initially with lateral
dissection and division of the middle thyroidal vein. The
superior pole is grasped with Kelly forceps and retracted
antero-infero-medially by the surgeon, with retraction by the
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Fig. 10.2 Incision site and bilateral superficial cervical plexus blocks are performed

Fig. 10.3 Sub-platysmal flaps created in a plane anterior to the anterior jugular vessels

assistant using Langenbeck retractors (Fig. 10.9). Capsular
dissection of the superior pole is performed with diathermy
and LigaSure, focusing on identifying the ipsilateral
EBSLN. Once visually identified, NIM testing confirms iden-
tification and cricothyroid muscle twitching is visualised; the
nerve is then preserved (Fig. 10.10), and further dissection is
performed to completely release the superior pole. The infe-
rior pole is then retracted superomedially (Fig. 10.11). The
inferior parathyroid is identified and its vascular pedicle pre-

served through a capsular dissection approach. Once the
gland is medialised, the key focus is the identification of the
ipsilateral RLN. Sharp and blunt dissection is performed
behind the tubercle of Zuckerkandl; identifying the inferior
thyroidal artery and the RLN. Exposure of the RLN is per-
formed by blunt dissection on the nerve with fine mosquito
forceps (Fig. 10.12). The RLN is followed distally and proxi-
mally, ensuring that the bifurcation to the anterior and poste-
rior branches is confirmed. The NIM probe is used to confirm
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Fig. 10.4 Fascia is opened in the midline longitudinally

Fig. 10.5 Sternohyoid and sternothyroid are divided transversely with LigaSure to facilitate thyroid access

nerve integrity (Fig. 10.13). Tissue overlying the RLN is dis-
sected free; a suture ligation may be required in close proxim-
ity to the RLN in the region of the ligament of Berry to avoid
thermal injury to the nerve with the energy device. The supe-
rior parathyroid gland is identified and preserved in this
region. Once the thyroid is dissected free from the RLN, mid-
line tracheal adhesions are divided with electrocautery and

LigaSure. Prior to the division of the Ligament of Berry, a
final NIM stimulation is performed to confirm RLN function,
ensuring the nerve has not been injured or inadvertently com-
pressed in a ligature. Sharp dissection is then used to divide
the tissue anterior to the ligament of Berry, and the hemithy-
roid specimen is reviewed prior to sending for histopathologi-
cal assessment (Fig. 10.14).
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Fig. 10.6 The pyramidal lobe is mobilised at the superior aspect of the thyroid isthmus

Fig. 10.7 Right-angle forceps are used to dissect the plane anterior to the trachea, with LigaSure used to divide the isthmus completely

An ipsilateral central node dissection is then commenced
removing levels VI and VII lymph node compartments. The
medial border of the dissection is the contra-lateral aspect of
the trachea, the lateral border is the ipsilateral carotid artery,
and the inferior extent is superior to the brachiocephalic
vein. Dissection is performed to the depth of the pre-
vertebral fascia and involves skeletonisation of the ipsilat-
eral RLN and cervical Oesophagus. Visual inspection and
digital palpation can identify involved nodes (Fig. 10.15).
The RLN is surrounded by the nodal packet, and careful dis-
section should be performed, with interval confirmation of

nerve integrity (Fig. 10.16). The lymph node compartment
is split along the course of the RLN and is often removed in
two separate components. The inferior aspect of the nodal
compartment extends to involve the thyrothymic ligament,
and LigaSure is used to divide the thyrothymic ligament and
confirm haemostasis (Fig. 10.17). Ipsilateral central node
dissection typically requires autotransplantation of the infe-
rior parathyroid gland. Prior to commencing on the contra-
lateral side, a second vagal stimulation is performed (V2) to
confirm the integrity of the RLN throughout its course
(Fig. 10.18).
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Fig. 10.8 V1 is performed to confirm recurrent laryngeal nerve function

Fig. 10.9 The superior pole is grasped with Kelly forceps and retracted antero-infero-medially by the surgeon, with retraction by the assistant
with Langenbeck retractors

Fig. 10.10 Once visually identified, NIM testing confirms identification of the EBSLN and cricothyroid muscle twitching is visualised

Contra-lateral hemithyroidectomy is performed in the anaesthetist to facilitate the identification of any potential
same fashion as the pathologically involved side. bleeding sites. Once haemostasis is confirmed, we rou-
At the conclusion of the procedure, normal saline irriga-  tinely apply small pieces of oxidised regenerated cellulose
tion is applied to the cavity to confirm haemostasis. A for further haemostasis (Fig. 10.19). In a large cavity, we
Valsalva manoeuvre of 30—40-cm H,O is performed by the would place a 10Fr circular drain, secured on the skin with
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Fig. 10.13 After ensuring that the bifurcation of the RLN to its anterior and posterior branches, the NIM probe is used to confirm nerve
integrity
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Fig. 10.14 Sharp dissection is used to divide tissue anterior to the ligament of Berry

Fig. 10.16 The nodal packet surrounds the RLN, and careful dissection should be performed, with interval confirmation of nerve integrity
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Fig. 10.17 The inferior aspect of the nodal compartment extends to involve the thyro-thymic ligament, and LigaSure is used to divide the thyro-
thymic ligament and confirm haemostasis

R e il s

Fig. 10.18 V2 performed to confirm integrity of the RLN throughout its course prior to commencing the contra-lateral side

Fig. 10.19 Routine application of small pieces of oxidised regenerated cellulose for further haemostasis
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a silk stitch. The midline strap muscles are re-approximated
with a running 3-0 Vicryl suture, leaving a small inferior
defect (Fig. 10.20). If required, autotransplantation of para-
thyroid is performed prior to closing the platysma.
Dissection is performed onto the right sternocleidomastoid
(Fig. 10.21). The parathyroid is fragmented, mixed with
I ml of saline and injected into the sternocleidomastoid
(Fig. 10.22). The platysma is then re-approximated with

interrupted 3-0 Vicryl sutures (Fig. 10.23). A continuous
4-0 Monocryl suture is used to close the skin with a single
Steri-Strip™ applied along the length of the wound
(Fig. 10.24).

The patient is commenced on appropriate weight-adjusted
dosing of thyroxine (1.6 ug/kg/day). Routine calcium replace-
ment is commenced (calcium carbonate 1200 mg bd).
Parathyroid hormone (PTH) and corrected serum calcium are

Fig. 10.22 The fragmented parathyroid is mixed with 1 ml of saline and injected into the sternocleidomastoid
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Fig. 10.23 The platysma is re-approximated with interrupted 3-0 Vicryl sutures

Fig. 10.24 A continuous 4-0 Monocryl suture is used to close the skin with a single Steri-Strip™ applied along the length of the wound

measured in the recovery suite and daily until discharge.
Discharge typically occurs on the first post-operative day. An
ice pack is applied to the wound intermittently for 48 h, and
the members of the nursing staff are instructed to observe
carefully for respiratory distress and evidence of neck hema-
toma. Patients commence neck exercises post-operatively and
continue until their clinic follow-up. The final pathology in
this case revealed right-sided 25-mm PTC and left-sided mul-
tifocal PTC, all clear of margins, with 4/4 involved lymph
nodes. The patient was discussed at a multidisciplinary meet-
ing and has undergone radioactive iodine treatment.
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for Low-Risk Papillary and Medullary

Thyroid Cancer

Frank Weber, Andreas Machens, and Henning Dralle

Introduction

Advances in morphologic and molecular tumor characteriza-
tion, tumor epidemiology, and clinical outcome research
have allowed for a more balanced view on the risk-benefit
profile of thyroid cancer surgery [1]. The concept of person-
alized thyroid surgery, prompted by the advent of less inva-
sive surgical techniques, rises to the challenge posed by the
current epidemic of low-risk thyroid cancers, shifting the
focus to risk minimization.

A large body of evidence indicates that survival for low-
risk papillary thyroid cancer is comparable irrespective of
whether lobectomy or total thyroidectomy has been per-
formed [2]. Current American Thyroid Association (ATA)
management guidelines recommend lobectomy for unifocal,
node-negative, intrathyroid papillary thyroid cancer up to a
tumor size of 4 cm [3]. However, some risk factors, including
vascular invasion or aggressive tumor histology, are hard to
verify before, or by frozen section analysis during, the
operation.

The reduction of surgical trauma must be weighed against
the oncological adequacy of the operation. Absent definitive
evidence about the benefit-risk balance of prophylactic
lymph node dissection, the identification of lymph node
metastasis is pivotal. Patients with low-risk papillary thyroid
cancers referred to the authors are notified during the
informed consent discussion about the option of lobectomy
with en bloc ipsilateral central lymph node dissection.
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Increasingly, more medullary thyroid cancers are also diag-
nosed early [4, 5]. Current evidence suggests that desmopla-
sia-negative medullary thyroid cancer has not spread to
lymph nodes [6], opening a window of opportunity for pur-
suing a unilateral resection strategy. This personalized con-
cept relies on intraoperative frozen section analysis. Based
on the frozen section, a risk-based approach by hemithyroid-
ectomy with en bloc ipsilateral central lymph node dissec-
tion for intrathyroid, desmoplasia-negative sporadic
medullary thyroid cancer is favored. Conceptually, this sur-
gical approach may also be useful in patients harboring low-
risk papillary thyroid cancer, sparing these patients an
increased risk of morbidity after total thyroidectomy with
postoperative radioiodine treatment.

Procedure

A 52-year-old patient with a right-sided thyroid nodule was
referred with a diagnosis of medullary thyroid cancer
prompted by a calcitonin level of 515 pg/ml (<8.4 pg/mL).
High-resolution neck ultrasonography showed an 11-mm
large nodule within the right thyroid lobe without enlarged
lymph nodes. The patient was provided with the option of
hemithyroidectomy with ipsilateral central lymph node dis-
section, which he consented to, subject to the absence of des-
moplasia and lymph node metastases on intraoperative
frozen section analysis.

For a level operative field and optimal visual magnifica-
tion, the patient is placed in a supine position. The neck is
extended with a shoulder roll tucked underneath, moving the
larynx and brachiocephalic vessels upward (Fig. 11.1).

Surgery is performed under general anesthesia and, by
using magnifying glasses (x2.5), bipolar coagulation and
continuous nerve monitoring. Short-acting muscle relaxants
are used for intubation only but avoided for the rest of the
operation to preclude interference with intraoperative nerve
monitoring.
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Fig. 11.1 For a level operative field and optimal visual magnification, the patient is placed in a supine position. The neck is extended with a
shoulder roll tucked underneath, moving the larynx and brachiocephalic vessels upward

Fig. 11.2 The line of incision is outlined three-quarters of an inch above the sternal notch, in or parallel to normal skin creases

The line of incision is outlined three-quarters of an inch
above the sternal notch, in or parallel to normal skin creases
(Fig. 11.2). This Kocher collar incision can be extended lat-
erally within the same horizontal line to accommodate lateral
lymph node dissection, which may be required when lymph
node metastases are identified on intraoperative frozen sec-
tion analysis.

Superior and inferior platysma flaps are raised, preserving
the anterior jugular veins if possible (Fig. 11.3). The superior
platysma flap is held in place by Ethibond 2-0 support sutures
extending over the anesthesia screen and tensioned in adults
by two 500-cc infusion bottles. The inferior platysma flap is
secured by a small vessel retractor, which is fixed with drap-
ing tape.
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Fig. 11.3 Superior and inferior platysma flaps are raised. The superior platysma flap is held in place by tensioned Ethibond 2-0 support sutures,

whereas the inferior platysma is secured with a small vessel retractor
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Fig. 11.4 The strap muscles are separated at the linea alba colli to access the loose connective tissue that fills the space between the undersurface

of the right strap muscles and the right thyroid lobe

The strap muscles are separated at the linea alba colli to
access the loose connective tissue that fills the space between
the undersurface of the right strap muscle and the right thy-
roid lobe (Fig. 11.4).

The dissection is carried forward toward the right vascu-
lar sheath, and the middle thyroid vein, also referred to as
Kocher’s vein, is identified and ligated (Fig. 11.5).

The thyroid lobe is displaced medially using a large vein
retractor. The path of the vagus nerve, running between the
carotid artery and internal jugular vein, is identified and con-
firmed electrophysiologically using a handheld stimulating
probe (Fig. 11.6).

Using meticulous dissection, the vagus nerve is dis-
sected circumferentially over a distance of 1 cm. A 2-mm
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Fig. 11.5 The dissection is carried forward toward the right vascular sheath. Kocher’s vein is identified and ligated. (a) Kocher’s vein. (b) Internal
jugular vein. (¢) Pyramidal lobe

R =/
e

e

Fig. 11.6 With the right thyroid lobe displaced medially with a vein retractor, the route of the vagus nerve between the carotid artery and internal
jugular vein is identified and mapped electrophysiologically using a handheld stimulating probe (blue)

clip electrode is fastened on the dissected vagus nerve

segment for continuous nerve stimulation (Fig. 11.7a). Fig. 11.7¢c). Feeding microvasculature and the thin sheath
For male patients, a 3-mm clip electrode may be better of the vagus nerve are carefully preserved during dissec-
suited. Placement of the clip electrode is easier when tion and electrode placement.

nerve retractors or small Overholt clamps are used to

expose the dissected nerve segment (Fig. 11.7b and
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Fig. 11.7 (a) After circumferential meticulous circumferential dissec-  intraoperative nerve stimulation. Placement of the clip electrode is
tion over a distance of 1 cm, preserving vagus sheath and feeding micro-  accomplished by nerve retractors (b) or a small Overholt clamp (¢)

vasculature, a clip electrode is fastened on the vagus nerve for continuous
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The right thyroid lobe is displaced medially. The
recurrent laryngeal nerve is traced electrophysiologically
along its course using a handheld stimulatory probe
(Fig. 11.8).

Hemithyroidectomy with en bloc dissection of the ipsilat-
eral central neck compartment (level 6, dotted area) starts

with the lower central lymph nodes, progressing in a caudal-
to-cranial direction (Fig. 11.9).

The lower parathyroid gland is identified, and the line of
dissection is adapted to maintain adequate perfusion

(Fig. 11.10). If preservation in situ is unfeasible, the completely

Fig. 11.8 After medial displacement of the right thyroid lobe, the right recurrent laryngeal nerve is electrophysiologically traced along its course
using a handheld stimulatory probe (blue). (a) Lower thyroid pole. (b) Upper thyroid pole

Fig. 11.9 Hemithyroidectomy with en bloc dissection of the ipsilateral central neck compartment (level 6, dotted area) starts with the lower cen-
tral lymph nodes, progressing in a caudal-to-cranial direction. (a) Carotid artery
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devascularized parathyroid gland is minced and autografted in
small slivers into the right sternocleidomastoid muscle.

The central lymph node dissection proceeds from the
level of the brachiocephalic vessels cephalad along the tra-
chea (Fig. 11.11). Resection of the thyrothymic ligament
generally is unnecessary.

The right thyroid lobe, taking the isthmus, pyramidal
lobe, and Delphian lymph node with it, is eventually severed
from the left thyroid lobe (Fig. 11.12).

The window presented by the right sternothyroid-
laryngeal triangle is delineated to expose the upper pol
vessels and the external branch of the superior laryngeal

Fig. 11.11 The right central lymph node dissection proceeds from the level of the brachiocephalic vessels cephalad along the trachea (A)
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Fig. 11.12 The right thyroid lobe, taking the isthmus, pyramidal lobe, and Delphian lymph node with it, is severed from the undissected left

thyroid lobe

Fig. 11.13 The window of the right sternothyroid-laryngeal triangle is
delineated to expose the upper pole vessels and the external branch of
the superior laryngeal nerve, the course of which is mapped with a

nerve. The route of the external branch is identified using a
handheld stimulating probe (Fig. 11.13).

The upper pole vessels are divided between small
Overholt clamps and ligated near the thyroid capsule one
after the other (Fig. 11.14).

handheld stimulating probe (blue). (a) Trachea. (b) Cricothyroid mus-
cle (¢) Upper thyroid pole

Pean clamps are used to grasp the upper and lower parts
of the right thyroid lobe. Using gentle, nerve-monitored
traction, the thyroid lobe rotates medially. Particular care
should be exercised to ensure that the tension exerted by the
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Fig. 11.15 Surgeon’s view of the operative field with the thyroid gland
displaced medially. The right lower parathyroid gland (forceps) is iden-
tified. The right recurrent laryngeal nerve, coursing underneath the

Pean clamps is strictly vertical, just enough to expose the
operative field (Fig. 11.15).

The anatomic path of the recurrent laryngeal nerve,
including extralaryngeal branching, is identified (Fig. 11.16).
This is even more imperative when the thyroid gland is
mobilized closer at the ligament of Berry (Fig. 11.17). The

inferior thyroid artery (A), has been electrophysiologically traced using
a handheld stimulating probe (blue)

terminal branches of the lower thyroid artery are cut and
ligated close to the thyroid capsule. Retronerval lymph node
dissection should be undertaken only when the tumor has
spread to level 6 lymph nodes.

Advancing cephalad, the right upper parathyroid gland
and its feeding vessels are identified (Fig. 11.18). The line of
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Fig. 11.16 Upward retraction of the right thyroid lobe and ipsilateral
central lymph nodes, exposing the ligament of Berry (dotted line). The
line of dissection is kept anterior to the plane of the recurrent laryngeal

nerve and parathyroid glands (broken line). (a) Lower parathyroid
gland. (b) The recurrent laryngeal nerve. (¢) Cricothyroid muscle

Fig. 11.17 Dissection of the right thyroid lobe off the ligament of Berry. The line of dissection must be kept near the thyroid capsule to preserve
perfusion of the upper parathyroid gland and spare the superior laryngeal nerve

dissection is kept close to the thyroid capsule to preserve the
blood supply of the upper thyroid pole and to spare the supe-
rior laryngeal nerve (Fig 11.19).

Upon completion, one contiguous surgical specimen is
sent for frozen section analysis, which comprises the right

thyroid lobe (marked with a 4-0 suture at its upper pole for
orientation) and ipsilateral central lymph nodes (Fig. 11.20).
When the tumor is confined to the thyroid and desmoplasia-
negative, as in this patient, the contralateral lobe can be
spared, so that the operation is ended.
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Fig. 11.19 High laryngeal entry of the right recurrent laryngeal nerve, necessitating meticulous dissection of nearby thyroid and lymphatic tissue.
(a) The recurrent laryngeal nerve. (b) Cricothyroid muscle. (¢) Lymphatic tissue

Before closing the skin, a wound drain may be placed,
which typically is removed on the second postoperative day
(Fig. 11.21). The sternohyoid and sternothyroid (strap)
muscles (Fig. 11.22) and subcutaneous tissues (Fig. 11.23)
are approximated using absorbable 4-0 braided interrupted
sutures. Finally, the skin is closed using titan clips, which are
also removed on the second postoperative day.

Definitive histopathology confirmed the intraoperative
frozen section analysis, revealing a 10-mm large, desmopla-
sia-negative, and node-negative (0/6) medullary thyroid
cancer confined to the right thyroid lobe. The patient made
an uneventful recovery, and reached a biochemical cure on
the second postoperative day, when his serum calcitonin had
fallen to 5.1 pg/ml (<8.4 pg/mL).
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Fig. 11.20 The removed surgical specimen, encompassing the right thyroid lobe and right central lymph nodes, before being sent for frozen sec-
tion analysis

Fig. 11.21 Placement of a Blake drain before wound closure
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Fig. 11.23 Subcutaneous wound closure using absorbable 4-0 braided interrupted sutures
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Marco Raffaelli, Carmela De Crea, Francesco Pennestri,
Celestino Pio Lombardi, and Rocco Bellantone

Introduction

Historically, surgical access for neck endocrine diseases has
been performed using a traditional Kocher access, implying
a wide skin incision, which results in a visible large scar in
the neck [1]. During the last two decades, the introduction of
minimally invasive surgery interested all the fields of general
surgery, and endocrine surgery was not an exception [2].
Indeed, after the description of the first successful case of
endoscopic parathyroidectomy by Gagner [3] in 1996, sev-
eral minimally invasive approaches for thyroidectomy and
parathyroidectomy were developed [1, 4-11]. The different
approaches described for thyroidectomy include the endo-
scopic technique [1, 5, 6, 9, 10], video-assisted procedure
and mini-access, nonendoscopic operations [11], the last
implying a smaller incision without the use of an endoscope
and thus without the advantages of endoscopic magnification
for adequate visualization of neck structures. The approach
with the endoscope can be classified respectively in purely
endoscopic [3, 5, 9, 12] and video-assisted procedures [6, 7,
13], depending on the need or not of CO, insufflation. The
totally endoscopic techniques include procedures with cervi-
cal access [1, 9] and procedures with extracervical access [5,
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12], which require the use of external devices (retractors) in
order to create and maintain the working space for dissection
and trocar positioning [9].

Video-assisted thyroidectomy (VAT) is a central, com-
pletely gasless approach that reproduces all the steps of con-
ventional surgery, with the endoscope becoming a tool that
allows the surgeon to perform the same operation through a
smaller skin incision [6]. The approach is similar to the pro-
cedure that Miccoli and coworkers initially described for
parathyroidectomy and successfully adopted for thyroidec-
tomy [7, 14].

Twenty years after its first description, VAT is now one of
the most broadly diffused minimally invasive approaches to
thyroidectomy [15-17].

The explanation of the success of VAT resides in its safety
and reproducibility in different clinical settings. Moreover,
the similarity of VAT to conventional thyroidectomy allows
one to exploit the typical advantages of minimally invasive
procedures in terms of cosmetic results and postoperative
course, without relevant changes in surgical technique [18-
21]. After its initial descriptions, VAT has been evolving
[22]. Indeed, the procedure initially limited to selected
benign thyroid pathologies has now become a notable proce-
dure in the surgical armamentarium for the treatment of thy-
roid surgical diseases, within the boundaries of its selection
criteria [17, 20].

Being video assisted, VAT is performed under both direct
and endoscopic vision [6], gaining the advantages of magni-
fied vision for most critical steps of the surgical procedure.
Indeed, thanks to endoscope magnification, the recurrent
laryngeal nerve (RLN) and parathyroid glands can be ade-
quately identified and preserved [23, 24]. Moreover, the
endoscope allows for easy visualization of the external
branch of the superior laryngeal nerve (EBSLN) in most of
the cases of VAT [25].

Early after the first experiences with minimally inva-
sive thyroidectomy, several small single institution reports
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[1, 4-6, 12, 13, 26], two multicenter studies [19, 27], and
several large retrospective studies [16, 28-31] have been
published confirming the reproducibility and safety of
VAT. Specifically addressed advantages of VAT over conven-
tional thyroidectomy are better cosmetic results and lower
postoperative pain [32, 33]. These results have been further
validated in two well-designed randomized controlled trials
by Gal et al. [34] and El Labban [35], showing the superior-
ity of VAT over conventional surgery in terms of cosmetic
results and reduced postoperative distress.

Noteworthy to mention is that the additional advantage of
VAT is the reduced incidence and severity of early voice and
swallowing postthyroidectomy symptoms compared to con-
ventional surgery [36].

Furthermore, a recent retrospective cost analysis shows
that the cost of VAT appears to be equal to that of conven-
tional thyroidectomy [37].

Finally, a recent meta-analysis demonstrated that VAT
reduced immunosuppression, which can be considered proof
of its minimally invasive nature [38].

Low invasiveness and similarity with the conventional pro-
cedure of VAT render this approach feasible and particularly
suitable, in experienced hands, under locoregional anesthesia
(cervical block) [39], showing the best results in patients with
relative contraindications for general anesthesia.

In this chapter, we describe the surgical technique of min-
imally invasive video-assisted thyroidectomy, which has
been routinely performed at our department since 1998 [6],
addressing the specific indication of the technique.

Indications

An accurate patient selection plays a key role in successful
VAT accomplishment. In the early experience of the tech-
nique, indications were quite limited (single nodule <3 cm in
largest diameter, thyroid estimate volume <20 mL, small
nodules with suspicious or indeterminate cytology, small pre-
toxic or toxic adenoma); contraindications at the beginning of
the experience included thyroiditis and prior neck surgery
[20]. With increasing experience, the selection criteria for
VAT have been widened. Extended indications included thy-
roiditis patients who have undergone video-assisted thyroid
lobectomy needing completion thyroidectomy and selected
cases of Graves’ disease, where VAT can be performed safely
with results comparable with conventional surgery [40].

The extensive use of fine-needle aspiration biopsy in clin-
ical practice has increased the diagnosis of small thyroid

nodules with indeterminate or suspicious cytology. This
group of patients probably represents the ideal candidates for
VAT. Indeed, the initial concerns regarding the adequacy of
the resection of VAT in the treatment of papillary thyroid car-
cinoma (PTC) were overcome by several studies demonstrat-
ing its safety in selected cases of PTC [41-43]. In 2005, we
demonstrated that thyroid gland manipulation is not signifi-
cantly different between VAT and conventional thyroidec-
tomy, without additional risks of thyroid capsule rupture and
thyroid cell seeding related to the surgical technique [21].

Moreover, the completeness of the resection achieved
with VAT resulted in a similar way to that of conventional
surgery in selected cases of PTC with a comparable rate of
recurrence in the short-to-medium term follow-up [43, 44].
These results have been further confirmed in a recent series
of patients who underwent VAT for PTC followed up for a
time period longer than 10 years [17], in which a very low
recurrence rate was observed, comparable to that of conven-
tional surgery.

After acquiring adequate experience with the technique
and supported by the previous optimal results in terms of
safety and completeness of the surgical resection, we stan-
dardized a video-assisted lymph-node dissection of the cen-
tral compartment [43, 45].

From a purely technical point of view, it should be consid-
ered that the endoscope shows specific advantages. Indeed, it
allows a meticulous exploration of the central compartment
and enables the identification of even slightly enlarged lymph
nodes that might be overlooked at open surgery.

Video-assisted approach with central access allows to
performing a formal central neck compartment dissection
when needed, providing optimal results in terms of the com-
pleteness of the oncological resection and the number of
removed nodes, with an overall outcome comparable to that
of the open counterpart [43, 46, 47]. However, the preopera-
tive evidence of central neck lymph node metastases still
represents a contraindication for the video-assisted method
[46, 47].

Patients carrying RET oncogene mutation for familial
forms of medullary thyroid carcinoma but not even express-
ing the disease (absence of detectable nodules and basal/
stimulated calcitonin in the normal range) are excellent can-
didates for VAT [48].

In summary, today, in our experience, the eligibility crite-
ria for VAT include thyroid nodules <35 mm in diameter,
estimated thyroid volume <30 ml, selected cases of PTC,
RET gene mutation carriers, concomitant thyroiditis, and
selected cases of Graves’ disease [20].
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Operative Technique
Patient and Surgical Team Positions

The patient is positioned supine on the operating table with
the neck in slight extension and the arms tucked on each side.
The less neck extension may contribute to the decreased
postoperative pain observed in VAT with respect to conven-
tional surgery. The skin is prepped from the lower lip to the
nipples in a fashion similar to conventional thyroidectomy.
However, the area of the surgical incision may also be cov-
ered by a transparent dressing (Tegaderm, for example) to
protect the skin edges.

The surgical team is composed of the surgeon and two
assistants, of which one handles the endoscope (Fig. 12.1).
The monitor is placed in front of the surgeon, who is posi-
tioned on the right side of the patient. A second additional
monitor is usually placed in front of the assistants, who are
on the left side of the patient. The absence of any external
support allows modulating the position of the endoscope in
relation to the different steps of the dissection. This repre-
sents an important advantage of the video-assisted procedure
over purely endoscopic techniques. The tip of the endoscope
is usually oriented toward the patient’s head, but it can be
changed to explore the upper mediastinum when a concomi-
tant central compartment lymphadenectomy is required.

Anesthesia

Thyroid surgery and VAT are usually performed under
general anesthesia with endotracheal intubation. However,
with the increasing experience, the feasibility of VAT under
local anesthesia (LA-VAT) with a superficial cervical block
(Fig. 12.2) has been demonstrated [39]. In our experience,
besides the patients showing specific contraindications for
general anesthesia, the indications to LA-VAT are mainly
based on the patient’s and surgeon’s preference.

Surgical Instruments

Most of the surgical instruments necessary for VAT are usu-
ally available in operating theaters, and it is not a source of
additional costs. The only instruments not used in conven-
tional thyroidectomy are small, special spatulas and spatula-
shaped aspirators (2-3 mm in diameter), which are useful in
dissection. They come from ear, nose and throat and plastic
surgery and are reusable (Fig. 12.3). Sealing systems
(LigaSure Precise™, Harmonic Focus Plus®, Thunderbeat
Open Fine Jaw (OFJ)®, Caiman®) have been proved to be
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Fig. 12.1 (a) Operating room setting and position of the surgical team.
(From Raffaelli et al. [S0]; with permission). (b) Position of the surgical
team in VAT using the Nanoscope™ System Arthrex, a small (1.9 mm)
single-use camera system that combines imaging sensors, LED lights,
and image and operative room integration and control. (Unpublished
personal experience)
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Sternoleidomastoid
muscle Incision line

Fig.12.2 Superficial cervical block. The cervical block is performed with
the patient in the operating room. A mixture of bupivacaine 0.25% and
carbocaine 0.5% is used as locoregional anesthetic. A 4-cm, 23-gauge
needle is inserted at the midpoint along the posterior border of the
sternocleidomastoid muscle on the affected side, and the tip is
directed anteriorly. After having aspirated first, a 10-mL bolus of the

bupivacaine-carbocaine mixture is injected. The needle is then directed
toward the midline, and an additional 5 mL bolus of the anesthetic mixture
is injected while the needle is withdrawn. Then a bolus of 5-mL of the
anesthetic is administered along the incision line at an intermediate level
between the sternal notch and the cricoid cartilage in the midline
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Fig.12.3 Surgical instruments for VAT
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effective during VAT since they allow the surgeon to reduce
the operative time [49].

From a technical point of view, considering the small size
of the skin incision, probably the ideal sealing systems would
be those endowed with a long, freely rolling stem, similar to
the CS-14 Ultracision Harmonic Scalpel® model, unfortu-
nately out of production.

Surgical Technique

A small (1.5-2 cm), central skin incision (Fig. 12.4) is per-
formed between the cricoid cartilage and the sternal notch
(Fig. 12.5). The skin incision is usually higher than in conven-
tional cervicotomy and can also be modulated according to the

neck conformation and thyroid position. However, the skin
incision is usually performed just below (1 cm) the cricoid car-
tilage in order to obtain an optimal exposure and safe control
of the upper thyroid vascular pedicle. The skin incision would
be ideally placed in an existing skin wrinkle to optimize the
aesthetic result. After incising the platysma muscle (Fig. 12.6)
and preparing the upper and lower flaps (Fig. 12.7), the cervi-
cal linea alba is opened as far as possible (Fig. 12.8), taking
care to avoid any minimal bleeding. The thyroid lobe (on the
affected side) is then separated from the strap muscles by
means of small conventional retractors (Farabeuf retractors),
which are also used to maintain open operative space
(Fig. 12.9). The thyroid lobe is medially retracted, while the
strap muscles are laterally retracted using the two Farabeufs.
At this point, the endoscope (5 mm — 30°) and the dedicated

Fig. 12.4 A small skin incision (1-5-2 cm) is performed

Fig. 12.5 The incision was carried out with the scalpel blade through the skin and subcuticular fat tissue
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Fig. 12.6 Incision of the platysma muscle in order to prepare the upper and lower flaps

Fig. 12.7 Upper (a) and lower (b) flaps
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Fig. 12.8 The cervical linea alba is opened as far as possible

small surgical instruments (2 mm in diameter) are introduced
through the single skin incision. The first step of the procedure
consists in completely freeing the thyroid gland in order to
have good exposure of the prevertebral fascia, which repre-
sents the posterior aspect of the dissection. The middle thyroid
vein, if present, is sectioned to gain complete access to the
prevertebral fascia. The medial and lateral edges of the dissec-
tion are, respectively, the tracheoesophageal groove and the
medial aspect of the common carotid artery. If intraoperative
neuromonitoring is used, the identification and stimulation of
the vagus nerve are then performed as the first step of the sur-
gical procedure (Fig. 12.10a). If continuous intraoperative
nerve monitoring is used, the automated periodic stimulation

(APS) electrode is placed at the level of the vagus nerve, pre-
pared for about 1 cm (Fig. 12.10b).

The dissection is carried out by a blunt technique using
two dedicated instruments (spatulas); one of the instruments
is connected to an aspiration system. After its complete sepa-
ration from the muscles, the thyroid lobe is retracted down-
ward, in order to expose the upper pole vessels; these are
dissected using the spatula and the spatula-shaped aspirator
(Fig. 12.11). During this phase, it is usually possible to iden-
tify the EBSLN, thanks to the magnification of the endo-
scope (Fig. 12.12). The upper pole vessels are then either
selectively clipped and cut or directly cut using a sealing
system (Fig. 12.13). During this step, special attention
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Right

Fig. 12.9 Blunt dissection frees the thyroid lobe from the strap mus-
cle. Then the operative space is created by two conventional Farabeuf
divaricators that retract the thyroid lobe medially and the strap muscles
laterally, maintaining an adequate working space. To note, the lateral
limit of the operative space is the common carotid artery, easily exposed

should be paid to controlling the tip of the energy device in
order to avoid pharynx or larynx thermal injury. After com-
plete dissection of the upper pole, the thyroid lobe is retracted
medially by means of the Farabeuf retractor to identify the
RLN under endoscopic vision (Fig. 12.14). The magnifica-
tion (two- to three fold) of the endoscope allows a straight-
forward identification of the RLN. Gentle medial traction on
the thyroid lobe, in order to avoid any inadvertent stretch
injury to the RLN, and lateral traction on the strap muscles

Left

by means of the lateral Farabeuf. After creating the operative space, the
5-mm-30° endoscope and the 2-mm dedicated instruments are intro-
duced through the same central access. In cases in which intraoperative
neuromonitoring is used, predissection vagus nerve stimulation can
easily be accomplished as the very first step of the surgical procedure

allow to improve the exposition of the inferior thyroid artery,
thus facilitating the identification of the RLN, typically
found where it crosses the inferior thyroid artery. The
Zuckerkandl tubercle can be another useful landmark for the
identification of the RLN, as in conventional procedure. If
intraoperative neuromonitoring is used, once the RLN is
identified, it is stimulated in order to check the predissection
function (Figs. 12.15 and 12.16). Thus, the RLN is prepared
and bluntly dissected (Fig. 12.17), under endoscopic vision,
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Fig. 12.10 (a) Stimulation of the vagus nerve (VN) using intermittent
neuromonitoring. CCA-common carotid artery; IJV-internal jugular
vein. (b) In case continuous monitoring is used, it is necessary to posi-

with an upward direction from the mediastinum toward its
entry point in the larynx. At this point, the superior parathy-
roid gland is identified at the level of the posterior aspect of
the thyroid lobe (Fig. 12.18).

The parathyroid glands are identified and preserved with
adequate vascularization supply, facilitated by the assistance
of the endoscopic magnification.

The thyroid lobe is then extracted (Fig. 12.19) from the
skin incision, and the procedure is accomplished under endo-
scopic and direct vision (Fig. 12.20). During the maneuver
of thyroid lobe extraction, it is of utmost importance to avoid
excessive traction, which can result in inadvertent stretch
injury to the nerve.

tion the automated periodic stimulation (APS) electrode at the level of
the VN prepared for about 1 cm

After identifying and preserving the inferior parathyroid
gland (Fig. 12.21), the lower vascular pole is selectively
dissected by means of a conventional tie, clip, or energy
device. It is important to carry out a completely bloodless
dissection facilitated by using a spatula-shaped aspirator.
At this step of the procedure, it is of the utmost importance
to check again the RLN and the parathyroid glands.
Although the separation of the thyroid from the trachea is
usually carried out using a sealing system (Fig. 12.22), dis-
section close to the nerve can be accomplished by means of
a titanium clip or conventional ligature in order to avoid the
risk of a thermal injury to the RLN. At the end of the thy-
roid lobe resection, the RLN and the ipsilateral vagus nerve
are stimulated (postdissection stimulation).
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Fig.12.11 The thyroid lobe is retracted downward and laterally to expose the upper pole vessels that are prepared with blunt dissection by means
of a dedicated spatula and spatula-shaped aspirator. (a) Right side. (b) Left side

The isthmus is sectioned using a sealing device in case of
thyroid lobectomy. If total thyroidectomy is planned, the
same steps are performed on the contralateral side. In the
case of total thyroidectomy, before proceeding to the contra-
lateral lobe dissection, the dissected lobe is repositioned in
its original cervical space in order to optimize the surgical
working space. After checking the hemostasis, the strap

muscles are sutured along the midline, and the same is done
for the platysma. The skin is closed by means of a nonresorb-
able subcuticular running suture (Fig. 12.23) or by a skin
sealant. Generally, no position of drain required. Hemostatic
agents can be used and placed in the operating field, such as
the Tabotamp Fibrillar® (Ethicon).
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EBSLN

Fig. 12.12 Identification of the external branch of the superior laryngeal nerve (EBSLN)

a Right
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b Left

Fig. 12.13 The upper pedicle vessels are then selectively dissected using a sealing system (in this case, Harmonic Focus Plus®), with special
attention to preserving the EBSLN. (a) Right side. (b) Left side
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Fig. 12.15 Stimulation of the recurrent laryngeal nerve (RLN) using intermittent neuromonitoring
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Fig. 12.16 Biphasic curve of the electromyographic potential following recurrent laryngeal nerve (RLN) stimulation

Fig.12.17 Once identified, the recurrent laryngeal nerve (RLN) is prepared and bluntly dissected, under endoscopic vision, with an upward direc-
tion from the mediastinum toward its entry point in the larynx. ITA-inferior thyroid artery
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Fig. 12.18 The superior parathyroid gland (SPG) is identified at the level of the posterior aspect of the thyroid lobe. RLN-recurrent laryngeal
nerve
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ARS

Fig. 12.19 Extraction of the thyroid lobe
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Fig. 12.20 At this point, the procedure is completed under endoscopic and direct vision

Fig. 12.21 The inferior parathyroid gland (IPG) is identified at the level of the anterior and inferior aspects of the thyroid lobe. The inferior thy-
roid vessels are selectively clipped and cut, or directly cut using a sealing system
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Fig. 12.21 (continued)

Fig. 12.22 The dissection of the thyroid lobe from the trachea is usually carried out using a sealing system
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Fig. 12.23 The skin is closed by means of a nonabsorbable subcuticular running suture

Conclusions

From our experience of more than 20 years, we can reaffirm
the concept that VAT is a safe procedure that is not burdened
by an increase of complication rate or additional costs.
Furthermore, this technique offers advantages in terms of
cosmetic results and postoperative pain. VAT represents a
valid option also in cases of “low-risk” papillary thyroid car-
cinomas with excellent oncologic outcomes.
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Introduction

The bilateral axillo-breast approach (BABA) robotic thy-
roidectomy is one of the most comprehensive remote-access
or “scarless” thyroid surgery techniques. The combination of
a robotic platform and four widely spaced and symmetrical
incisions across the chest provides the most ideal triangula-
tion as well as refined maneuverability of the instruments.
Furthermore, it provides the most familiar orientation and
midline view of the thyroid. The readily extensible subpla-
tysmal flap ensures adequate working space for larger goiters
and advanced thyroid cancer, including lateral neck lymph
node metastasis, leading to an improved overall quality of
life in eliminating relatively large visible cervical scars,
especially in those with a history of hypertrophic or keloid
scar formation [1, 2].

The BABA technique was initially described by Dr. Youn
in 2004 at the Seoul National University in South Korea. The
technique was initially performed endoscopically, but the
robotic platform was adopted just a few years later for its
advantages, such as enhanced 3D visualization with 10x
magnification, superior dexterity with endo-wrist function,
and surgeon autonomy [3]. Its safety and efficacy have been
well established over the years, driven by excellent surgical
and oncologic outcomes as well as patient satisfaction [4, 5].

The BABA robotic technique can have a relatively steeper
learning curve (3540 cases) [6], but the overall efficacy and
safety have been well established in Asia and the first series
of 200 cases performed in the United States (recently sub-
mitted for publication). These outcome-based studies show
that the robotic BABA technique is a very comprehensive
treatment option for benign and malignant diseases of the
thyroid and applicable to the US patient population with
comparable excellent results and low rates of both standard
and technique-specific complications.

H. Suh (B)
Suh Scarless Thyroid Surgery Center, Norman/Clayman Endocrine
Institute, Hospital for Endocrine Surgery, Tampa, FL, USA
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Procedure

A 32-year-old woman presented to the endocrine surgery
service with left isthmic 3.5-cm and 1.6-cm multifocal papil-
lary thyroid cancer. During her workup, the patient was
found to have contralateral lateral neck level 3 lymph node
metastasis. Given the findings, the patient had opted for the
BABA robotic total thyroidectomy with bilateral central
neck and right modified radical neck dissection.

For the BABA technique, patient positioning is very simi-
lar to the open thyroidectomy with neck extension and arms
relaxed on the side, exposing the axillary skin creases
(Fig. 13.1). Neuromonitoring for the recurrent laryngeal
nerve is routinely utilized to assist with early nerve localiza-
tion and the evaluation of its function throughout the surgery.
Depending on the device, the nerve stimulator cord can be
attached to the robotic instrument, such as a hook cautery.
After the hydrodissection using diluted (1:200,000) epineph-
rine solution along the subcutaneous flap space, four §-mm
skin incisions are made along the anterior axillary skin
creases and peri-areolar margins. Then a blunt dissection is
performed using a vascular tunneller. Trocars are inserted,
and the flap space is completed under direct visualization.
The robotic arms are docked, maintaining a wide-angle sepa-
ration (Fig. 13.2) with the camera in arm 2 and the energy
device (i.e., Hook, Harmonic scalpel, etc.) in arm 3. Graspers
(i.e., ProGrasp, Cardiere, etc.) and dissectors/forceps (i.e.,
Maryland bipolar) are inserted in arms 1 and 4 to provide
two opposing instruments for ideal traction and countertrac-
tion. A familiar view of the anterior neck is achieved with
exposed strap muscles and bilateral sternocleidomastoid
muscles (Fig. 13.3).

The remaining steps of the surgery are similar to open
thyroidectomy. The medial raphe is divided, and the
exposed isthmus is divided using the energy device
(Fig. 13.4). Then lateral dissection is performed to separate
the strap muscles down to the carotid sheath while provid-
ing medial retraction of the thyroid gland using the contra-
lateral grasper. The inferior parathyroid gland should be
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Fig. 13.1 Patient positioning is very similar to open thyroid surgery. Neck is extended, and arms are down to the side, exposing the anterior axil-

lary skin folds

Fig. 13.2 Robot arms are widely spaced, providing an ideal triangulation, depth perception, and working space. Robot arm collision is

minimized

localized, along with its pedicle (Fig. 13.5a). The carotid
artery is exposed, and the vagus nerve is tested using the
robotic hook cautery. Subsequently, the recurrent laryngeal
nerve is localized and dissected distally toward the inser-
tion site (Fig. 13.5b).

Once the nerve has been localized, the inferior parathy-
roid gland is dissected off the thyroid. The recurrent laryn-
geal nerve is dissected caudal to cranial, and the ligament of
Berry is sharply divided. The inferior thyroid artery is dis-
sected and divided while preserving any branches to the infe-
rior and superior parathyroid glands. The superior parathyroid

glands are dissected off with anteromedial retraction of the
thyroid gland (Fig. 13.5c). The superior pole is isolated cir-
cumferentially with exploration of the cricothyroid space.
The superior-pole vessel is clearly isolated and explGred for
the external branch of the superior laryngeal nerve prior to
dividing the vessels. The contralateral lobe is removed in a
similar fashion. The bilateral axillary instruments are
swapped (grasper and dissectors), given the reversed role in
thyroid retraction and dissection (Fig. 13.6). The superior-
pole vessels can be clipped and divided using the robotic clip
applier (Fig. 13.7). The two breast trocar instruments (robotic
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Fig. 13.3 Completion of subplatysmal flap with midline visualization
of strap muscles and bilateral sternocleidomastoid muscles. Triangulation

Maryland Bipolar Ferceps

with two opposing instruments (left Maryland dissector and right
ProGrasp grasper) and an energy device (hook cautery monopolar)

Fig. 13.4 Strap muscle is divided along the median raphe, and isthmus is divided, exposing the trachea

camera and energy devices) can be swapped depending on
your preference.

Once the thyroidectomy has been completed, therapeutic
central neck dissection is performed. For right central neck
dissection, anteromedial lymph nodes were dissected first
(Fig. 13.8a). Then the posterolateral lymph nodes were dis-
sected (Fig. 13.8b). Subsequently, the right modified radical
neck dissection is performed by extending the subcutaneous
flap to expose the sternocleidomastoid (SCM) muscle
(Fig. 13.9). The SCM muscle is retracled laterally using a
percutaneous suture held by an external fixed retractor
(Fig. 13.10). The carotid artery and internal jugular vein are

dissected using a Cardiere grasper, while the vagus nerve is
preserved (Fig. 13.11a). Jugular and prevertebral lymph
nodes are dissected (Fig. 13.11b). The spinal accessory nerve
is localized and preserved for lateral neck level 2 and 3 dis-
section (Fig. 13.12a, b).

Once the dissection is completed and hemostasis has been
achieved, the strap muscle is closed (Fig. 13.13). For speci-
men extraction, an endoscopic specimen retrieval bag is used
and typically removed through the left axillary trocar site. In
general, axillary skin is very elastic and accommodating, but
for large specimens, the trocar track can be dilated and the
skin incision can be extended.
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Fig. 13.5 (a) Strap muscle is dissected laterally to expose the inferior ~ dissected distally toward the insertion site while the superior parathy-
parathyroid gland. (b) The recurrent laryngeal nerve is localized and  roid gland is dissected off with anteromedial retraction of the thyroid
gland

Fig. 13.6 The contralateral lobe is removed in a similar fashion. The bilateral axillary instruments are swapped (grasper and dissectors), given the
reversed role in thyroid retraction and dissection
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Fig. 13.8 (a) Anteromedial lymph nodes are dissected. (b) Posterolateral lymph nodes are dissected
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Fig. 13.9 Right modified radical neck dissection is performed by extending the subcutaneous flap to expose the SCM muscle

Fig. 13.10 The SCM muscle is retracted laterally using a percutaneous suture held by an external fixed retractor
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Omohyoid
a muscle (divided)

SCM muscle
(clavicular head)
retracted laterally

SCM muscle
(sternal head)
retracted medially

b

Fig.13.11 (a) The carotid artery and internal jugular vein are dissected using a Cardiere grasper, while the vagus nerve is preserved. (b) Jugular
and prevertebral lymph nodes are dissected
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Spinal
——— accessory nerve

Fig.13.12 (a, b) The spinal accessory nerve is well localized and preserved for lateral neck level 2 and 3 dissection



13 Robotic Total Thyroidectomy via Bilateral Axillo-Breast Approach (BABA) 171

Fig. 13.13 (a, b) Once the dissection is completed and hemostasis has been achieved, strap muscle is closed
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Introduction

Transoral thyroidectomy is the first true “scarless’” minimally
invasive approach, unlike its predecessors such as transaxil-
lary, bilateral axillo-breast, and retroauricular approaches,
because it does not involve any incision on the skin. The con-
cept was first proposed by Witzel in 2008, when he demon-
strated the first proof-of-concept hybrid transoral thyroidectomy
with human cadavers and animals [1]. In the early stages of its
development, the approach was sublingual (Fig. 14.1), mean-
ing that the access was made through the oral cavity inside the
mandible [1-3]. But as several cases of recurrent laryngeal
and mental nerve injuries were reported in the early stages of
its clinical application, the sublingual route lost its position as
the primary oral access [4]. The alternative method was the
vestibular approach (Fig. 14.1), first demonstrated in 2011, in
which the access point was repositioned exterior to the man-
dible and beneath the platysma muscle layer [5]. This approach
gained increasing popularity among endocrine surgeons, and
in 2016, Anuwong published the first large-scale human tran-
soral endoscopic thyroidectomy vestibular approach
(TOETVA) study, including 60 cases [6]. In this landmark
study, the postoperative complication rates of the novel
approach were reported to be comparable to the conventional
open and minimally invasive thyroidectomies. The same
group subsequently published a comparison study of 432
TOETVA and open thyroidectomy cases, which were matched
by propensity scores [7]. The postoperative results of this
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study were comparable as well. At the moment, TOETVA is
being conducted in more than 80 institutions across over 30
countries [8]. The advantages of TOETVA, apart from its scar-
less nature, include median symmetric view, which allows
total thyroidectomy to be done without additional incisions,
minimal transoral specific complications such as mental nerve
injury and/or oral infection, and easy access to the central
lymph nodes due to its cephalocaudal orientation [8].

Indication and Contraindication of TOETVA

TOETVA has just passed its juvenile stage in its develop-
ment as a feasible surgical approach and is starting to be
spread across the world. The procedure, however, remains
relatively reserved to a select group of experts compared to
open or other minimally invasive thyroidectomies. There are
no absolute inclusion and exclusion criteria, which may dif-
fer according to the surgeons’ experience level of
TOETVA. In general, the criteria are similar to those of other
minimally invasive thyroidectomies [8]. (1) Benign tumors
or follicular neoplasms that are 3 cm or smaller in its largest
diameter and (2) differentiated thyroid carcinomas that are
2 cm or smaller in its largest diameter without evidence of
lymph node metastasis may be feasible indications. For
experienced surgeons, however, the indication may be
extended to include controlled Graves’ disease and differen-
tiated thyroid carcinomas larger than 2 cm in diameter with
evidence of suspicious central lymph node metastasis. On
the other hand, total thyroidectomy should be limited to
lesions that do not require central neck node dissection for
those with less experience to prevent complications such as
bilateral recurrent laryngeal nerve palsies or hypoparathy-
roidism. Exclusion criteria consist of patients with (1) a his-
tory of radiation in the head, neck, or upper mediastinum or
of previous neck surgery; (2) evidence of suspicious lateral
lymph node, distant metastases, or tracheal/esophageal/pos-
terior infiltration; and (3) medullary and poorly/undifferenti-
ated histology.
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Fig. 14.1 Schematics of
sublingual and vestibular
access of transoral
thyroidectomy

\ ‘

Procedure
Position and Preparation

The patient is placed in a lithotomy position with the neck
extended under general anesthesia (Fig. 14.2). Either naso-
tracheal or oral intubation is possible. The monitor is posi-
tioned between the legs of the patient. The surgeon faces
the monitor on the head side of the patient, and the assistant
and nurse are positioned on the left side and right side of
the surgeon, respectively, for right-handed surgeons (vice
versa for left-handed surgeons). The type and dosage of
preoperative prophylactic antibiotics do not differ from
those of open thyroidectomy.

Skin marking should be done on the skin of the neck area
to indicate the thyroid notch, cricothyroid cartilage, medial
borders of the sternocleidomastoid muscles (SCM), sternal
notch, and midline for orientation purposes (Fig. 14.3). The
oral cavity is disinfected with chlorhexidine-soaked gauzes.
The disinfectant solution should not be poured freely into the
oral cavity as it may flow into the nasal cavity and cause
adverse effects on the olfactory nerves.

Incision

The incisions are situated at the lower buccal mucosa. The
main 11-mm incision is made at the center of the oral vesti-
bule, and the auxiliary 5-mm incisions are made at both sides
(Fig. 14.4a). Attention should be paid to position the main
incision nearer the lip rather than the inferior buccal gingiva
and leave at least 1 cm of spare buccal mucosa in order to
facilitate the angulation of the camera during operation and
mucosal suture at the end of surgery. Furthermore, the 5-mm
trocar incisions should be situated lateral to the canine in
order to avoid mental nerve injury.

Vestibular approach

Sublingual approach

Assisant

Operator

Nurse

Fig. 14.2 Operating room setting; the patient is in lithotomy position,
and the monitor is placed between the legs. The surgeon faces the moni-
tor on the head side of the patient, and the assistant and nurse are posi-
tioned on the left and right side of the surgeon, respectively

In patients without any cardiovascular history, a mixture
of 0.5 ml 1:1000 epinephrine solution and 4.5 ml saline can
be injected into the incision site prior to the incision in order
to reduce profuse mucosal bleeding (Fig. 14.4b).

Flap Formation

Through the middle incision, the periosteum of the mental
protuberance should be visualized after resecting the men-
talis muscles. After identifying the periosteal layer, a vascu-
lar graft tunneler is used to create the initial part of the flap
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Fig. 14.3 Skin marking to demarcate the important structures for ori-
entation purposes

Buccal mucosa Buccal gingiva

over the mandible down to the level of the larynx. When
gliding the tunneler over the mandible, it should feel as if the
surgeon is attempting to scratch the bone with the instrument
to ensure access to the subplatysmal layer. A blunt-tipped
10-mm trocar is then inserted through this path, and CO, is
connected to insufflate the working space to pressure at no
higher than 6 mmHg to prevent subcutaneous emphysema.
The two 5-mm trocars are inserted through the lateral inci-
sions straight down before crossing over the chin and redi-
rected medially after crossing the mandible (Fig. 14.5).
While gliding over the chin, special attention must be paid to
prevent the trocars from perforating the skin. At this stage, a
10-mm 30-degree rigid endoscope is inserted through the
main trocar to visually check if both 5-mm trocars have
access to the subplatysmal working space.

The extent of the flap should consist of the upper border
as the top of the larynx, the lower border as the sternal notch,
and the lateral borders as the medial borders of both SCM. In
patients with a protruding chin, it is difficult to obtain a lower
area view due to acute angulation. In such cases, the view
may be more easily acquired by rotating the 30-degree rigid
endoscope 180 degrees (Fig 14.6a, b).

Midline Dissection and Isthmectomy

After creating the working space, the midline of the strap
muscles should be resected starting from above the thyroid
notch all the way down to the sternal notch. In order to easily
visualize the upper pole of the thyroid gland later on, it is
important to dissect the midline as high up as possible.

Fig. 14.4 Intraoral incision of TOETVA. (a) The main 11-mm incision
is made in the middle of the oral mucosa. It should be situated nearer
the lip than the inferior buccal gingiva, leaving at least 1 cm of buccal
mucosa to facilitate camera angulation and mucosal suture. The 5-mm

trocar incisions should be situated lateral to the canine in order to avoid
mental nerve injury (b). Injection site of the saline/epinephrine mixture
prior to incision. Inject 5 mm of the mixture at the red dotted area
equally to reduce mucosal bleeding
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The isthmus of the thyroid gland will be revealed after
dissecting the midline of the strap muscles. In total thyroid-
ectomy cases, it is advisable to dissect the isthmus evenly
across the middle in order to leave some tissue for both lobes
to grasp during medial traction, if there are no lesions in the
isthmus. Depending on which direction it is skewed, the
pyramidal lobe should be resected from the larynx and
resected later enbloc with the closer lobe.

Lateral Dissection

By medially retracting the isthmic stump, it becomes easy to
separate the strap muscles from the thyroid gland along the
avascular plane. Attention should be paid to preserving the

Fig. 14.5 Trocar placement

a ‘ k
\‘ \

vessels on the surface of the glands during this procedure,
especially for cases with concurrent thyroiditis, to prevent
profuse bleeding. Lateral dissection is done, starting from
the lower pole level then working up to the upper pole level.
The middle thyroid vein should be ligated during this proce-
dure. The isthmic portion of the thyroid gland should also be
resected from the trachea to ensure thyroid lobe mobilization
during the next procedures.

Upper Pole Ligation

After lateral dissection is completed, it becomes possible to
view the upper pole. For patients whose upper pole is situ-
ated high up at the caudal end, it is necessary to laterally
retract the strap muscles with 4-0 nylon sutures because the
muscles obstruct the view of the upper pole, while both
instruments are needed to ligate the upper vessels (Fig. 14.7).
The suture needle should be inserted through the skin near
the intersection of the cricothyroid cartilage level and the lat-
eral end of the working space. After hooking the sternohyoid
muscle with the suture and taking it out near its insertion site,
the suture should be retracted laterally by the assistant to
expose the upper pole. Although this may be enough in most
cases, thyroid upper poles that go up extremely high need
additional suturing and lateral traction of the sternothyroid
muscles in the same manner (Fig. 14.7).

The upper pole should be grabbed with a grasper and
retracted laterally and ventrally while a dissector meticu-
lously exposes the avascular plane between the upper pole
and cricothyroid muscles attached to the thyroid cartilage,
also known as Joll’s space (Fig. 14.8a, b). The superior thy-
roid vessels and certain types of the external branch of the
superior laryngeal nerves (Cernea type 2) can be identified
when this space is exposed [9]. It is important to ligate the
connective tissue close up to the thyroid gland (Fig. 14.8c, d)
and work your way up bit by bit to the superior thyroid ves-

Fig. 14.6 Camera manipulation during flam formation. (a) During the initial phase of flap formation, visualizing the deeper sternal side may be
difficult. (b) By rotating the 30-degree rigid endoscope 180 degrees, the visual of the lower area may be more easily acquired
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Fig. 14.7 Use of 4-0 nylon sutures to laterally retract the strap muscles

sels in order to preserve the cricothyroid muscle and superior
parathyroid gland function (Fig. 14.8e, f). Each main supe-
rior vessel should be ligated separately. The posterior side of
the upper pole should be dissected caudally to a level no
lower than the cricothyroid cartilage to prevent recurrent
laryngeal nerve (RLN) injury.

Recurrent Laryngeal Nerve Identification
and Preservation

The ligated upper pole should be retracted in a medial, cau-
dal, and ventral direction with contralateral forceps to expose
Berry’s ligament (Fig 14.9a, b). The most important aspect
of identifying the RLN in TOETVA is safely exposing the
structure at the laryngeal entry point near Berry’s ligament
and protecting it from thermal damage during gland resec-
tion. Meticulous use of the ipsilateral dissecting forceps,
such as an endoscopic right angle, will expose the RLN with-
out rupturing adjacent vessels (Fig 14.9¢, d). Even more
judicious use of energy-based surgical devices is of para-
mount importance in preventing inadvertent thermal damage
to the nerves. One tip is to cover the exposed RLN with
packed gauze and retract it laterally while using an energy
device near the nerve entry point (Fig 14.9e, f). This will
help prevent high-temperature fluids from directly contact-
ing the nerves.

Lower Pole Ligation and Resection
of the Gland

After safely preserving the RLN near Berry’s ligament, the
RLN should be exposed along its course all the way down to
the lower pole level. During this procedure, each lower thy-
roid vessel should be ligated separately as close as possible to
the thyroid gland in order to preserve the lower parathyroid

gland and its function. At this point, it is possible to com-
pletely resect the thyroid lobe from the attached trachea.

Specimen Retrieval

Once the thyroid lobe is resected, the endoscope is removed
and an endobag is blindly inserted through the 10-mm port
with the wires removed. After reinserting the endoscope, the
bag should be properly opened up for the specimen and other
foreign materials, such as gauzes, to be placed in (Fig. 14.10).
Because the bag cannot be extracted through the trocar, it
should be pulled out along with the trocar. The trocar should
be reinserted after the bag and specimen are retrieved.

Contralateral Resection

Contralateral lobectomy should be carried out in the same
manner. However, consideration should be made in choosing
which side to start from. In some cases, the main lesion may
be too large, and additional dissection may be needed to
extract the specimen. This will lead to air leakage during the
subsequent lobectomy. The surgeon, therefore, may choose
to start with the contralateral thyroid lobe.

Suture and Stitch-Out

After extracting both thyroid glands and making sure there is
no bleeding, the midline of the strap muscles should be
sutured. After removing the trocars, the resected mentalis
muscle through the midline incision should be sutured with
three 4-0 Vicryl stitches. The oral mucosa should be lightly
stitched with five 4-0 Vicryl sutures. The lateral incisions
require one 4-0 Vicryl stitch each only on the mucosal layer.
The suture stump should be 0.5 cm long so it may be easily
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Thyriod upper pole Strap muscles

Grasper

Superior thyroid vessels JolI's space Criothyroid muscle

Cc

Grasper

Superior thyroid vessels -l Vessel sealing device

External brach of superior laryngeal nerve
Superior parathyroid gland (Cernea type 2)

Fig. 14.8 Tllustrations and images of upper pole resection. The most  Joll’s space (in green). (¢, d) Ligate the superior thyroid vessel as close
important point is to work bit by bit until the superior thyroid vessels  as possible to the thyroid gland. By ligating the vessels and connective
are exposed. (a, b) Grab the upper pole and pull it to the ventral and  tissue as close to the thyroid gland as possible, the superior parathyroid
lateral side away from the cricoid cartilage. Use the dissectors to expose  and external branch of superior laryngeal nerve can be preserved (e, f)
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Fig. 14.9 Tllustrations and images of identification of the recurrent lously dissected with an endoscopic right angle until the recurrent
laryngeal nerve after upper pole resection. (a, b) The mobilized upper  laryngeal nerve is revealed. (e, f) A gauze ball should be used to later-
pole should be retracted medially and caudally in order to expose ally retract the RLN while resecting the thyroid at the ligament of Berry
Berry’s ligament. (¢, d) Soft tissue Berry’s ligament should be meticu-  to reduce thermal damage to the energy device
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Fig.14.10 Specimen retrieval. The endobag is blindly inserted through
the 10-mm port, and the wires should be removed. After reinserting the
endoscope, the bag should be properly opened up with a trocar, and a
specimen should be inserted

identified 57 days later during the stitch-out. Routine oral
hygiene care is enough after the patient is discharged 1 or
2 days after the operation.

Conclusion

TOETVA is the next step in minimally invasive thyroidec-
tomy, whose feasibility among selected patients has been
demonstrated through many clinical studies. Although

TOETVA may be more technically demanding than open
surgery, it possesses the potential to establish itself as a
favorable approach in selected cases. Further efforts to accu-
mulate collective experience and evidence and to pioneer
new frontiers with this approach are necessary for the poten-
tial to blossom.
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Introduction

Traditional transcervical thyroidectomy has been a standard
surgical procedure sinceits introductionin 1906. Advancements
in surgical technique, general anesthesia, hemostasis, and neu-
romonitoring have made it a safe and successful procedure
with low morbidity and mortality [1]. Transcervical thyroidec-
tomy leaves the patient with a neck scar, which could be dis-
tressing, especially in patients with darker complexions and
history of keloid formation [2]. Minimally invasive techniques
have been developed using endoscopic and robotic approaches
with the goal of avoiding disfiguring scars to the neck. These
include endoscopic and robotic transaxillary thyroidectomy,
both of which require a wide flap dissection and leave inci-
sions away from the neck. None of these approaches have
gained significant widespread acceptance [3]. Transoral endo-
scopic thyroidectomy via vestibular approach (TOETVA) has
been developed since 2008 and has gained popularity and
acceptance as a true scarless procedure. It can be performed
with standard laparoscopic instruments, provides a clear view
of vital structures, and allows access to both lobes. This
approach was also shown to have postoperative outcomes
comparable with the traditional open thyroidectomy [4].
Surgeons should have expertise of the open thyroidectomy
technique along with laparoscopic skills to be able to adopt
this procedure [5].
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Procedure

The patient is brought to the operating room and placed in
a supine position with the neck mildly hyperextended
(Fig. 15.1). General anesthesia is administered after naso-
tracheal intubation is established (orotracheal intubation
is an alternative). After induction, the oral cavity and
upper neck are prepped and draped in a sterile fashion
(Fig. 15.2). The operating surgeon stands at the head of
the bed, and the monitor is positioned at the feet
(Fig. 15.3). Three incisions are made through the alveolar
mucosa of the lower lip vestibule, opposite to the incisors,
a 5-mm transverse medial incision along with two vertical
5 mm incisions. The two lateral incisions are just medial
to the canines and just in the inner aspect of the inferior
lip to avoid injury to the mental nerve (Fig. 15.4). Before
port placement, a working space is created by tissue dis-
section through the mentalis muscle with the use of elec-
trocautery and/or blunt dissection with special care to
avoid injury to the overlying skin (Fig. 15.5). Subsequently,
hydrodissection is performed with a Veress needle, where
about 60 cc of a mixture of NaCl containing epinephrine
(1 mgin 500-cc NaCl) is injected to create a space beneath
the platysma, which is then dilated with a blunt dissector
(Anuwong dilator, Kelly Wick tunneler, or Hegar dilators)
(Fig. 15.6). Given the advances in laparoscopic image
quality and increased maneuverability with the smaller
port, we find that using three 5-mm ports is sufficient for
most cases. The central port can easily be upsized, either
initially or later in the case, if required. A 5-mm port is
placed first through the central incision and then over the
mandible, advancing the port about 2 cm distally to the
chin, taking care to avoid penetration of the mentum skin.
Next, the two lateral 5-mm ports are placed (Fig. 15.7).
The surgical space is then maintained with insufflation of
CO2 at a pressure of 6-mm Hg. A 30-degree 5S-mm camera
is then placed through the central port. A Maryland dis-
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Fig. 15.1 A side view of the patient’s neck in mild hyperextension. A shoulder roll is used, as well as cushioning under the neck and head for
support. Tape is used for stability

Assistant

Patients
feet

Surgeon [

Assistant

Fig. 15.3 The surgeon is situated at the head of the patient with two assistants, one to either side. The endoscopic tower is at the foot of the patient



15 Transoral Endoscopic Thyroidectomy via Vestibular Approach (TOETVA) 183

Mental nerve

Fig. 15.4 Three incisions are made along the inner surface of the lower lip. Lateral incisions medial to the canines will help avoid the mental nerve

Fig. 15.5 Electrocautery and blunt dissection with a hemostat are used to pass through the mentalis muscle
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Fig. 15.6 A Veress needle with approximately 60 cc of NaCl mixed then passed through the incisions to allow for easier placement of the
with dilute epinephrine is passed through the central incision and laparoscopic trocars
injected into the subplatysmal surgical space. A dilator, pictured here, is

Fig. 15.7 The surgeon’s view showing the final setup of three 5-mm ports. The central port can be upsized as needed for a larger camera or to
remove a larger specimen if needed. This can be done initially or later in the case as required
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sector and bipolar or ultrasonic energy device is used on
either side of the camera for further development of the
surgical space. Dissection is carried out in the caudal
direction toward the sternal notch, always staying beneath
the platysma muscle (Fig. 15.8). Laterally, dissecting to
bilateral sternocleidomastoid muscles further enhances
exposure. Once the strap muscles are visualized, they are
divided in the midline to expose the thyroid gland
(Fig. 15.9). The posterior surface of the strap muscles is

mobilized from the underlying thyroid capsule to allow
the medialization of the thyroid lobe and lateralization of
the strap muscles. If optimal exposure is not accomplished
by this dissection, then an exterior suture may be placed
through the strap muscles for lateral retraction (Fig. 15.10).
The thyroid vessels are cauterized and divided in sequence,
starting with the middle thyroid veins to allow medializa-
tion of the thyroid lobe and then with the superior thyroid
vessels, taking care to avoid injuring the external branch

Strap muscles Median raphe

Fig. 15.8 Initial subplatysmal dissection is carried out with a Maryland  the medial aspect of the sternocleidomastoid muscle. The strap muscles

dissector and a bipolar or ultrasonic energy device. Dissection is carried
down to the sternal notch inferiorly and as lateral as the identification of

Thyroid

Strap muscle

can be appreciated deep to the space

Fig. 15.9 The strap muscles are divided down the midline to expose the thyroid gland. This is easily achieved with hook electrocautery and either

a bipolar or ultrasonic energy device
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of the superior laryngeal nerve (Fig. 15.11). The superior
lobe is then mobilized; the superior parathyroid can usu-
ally be identified and preserved in situ. The recurrent
laryngeal nerve can be identified posterior and medial to
the superior parathyroid gland (Fig. 15.12). The use of a
nerve monitoring system is an encouraged but not manda-
tory tool to perform this procedure. Following the caudal

Strap muscle

Fig. 15.10 The posterior surface of the strap muscles are mobilized
from the underlying thyroid capsule to allow medialization of the thy-
roid lobe and lateralization of the strap muscles. If optimal exposure is

Middle thyroid
artery

dissection of the thyroid capsule will allow the identifica-
tion of the inferior parathyroid gland, which should be
preserved in situ. The mobilization of the inferior para-
thyroid gland will allow the identification of inferior thy-
roid vessels, which can be divided (Fig. 15.13). The same
approach and technique are then applied to the contralat-
eral lobe. The gland is then placed in an endocatch bag

not accomplished by this dissection, then an exterior suture may be
placed through the strap muscles for lateral retraction

Fig. 15.11 Dissection of the thyroid gland and serial ligation of its vessels can now begin. The right middle thyroid artery pictured here is to be

sealed and ligated using a bipolar or ultrasonic energy device
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and brought out through the central port (Figs. 15.14, patient recovered well and was discharged from the hospi-
15.15, and 15.16). The strap muscles are approximated tal the same day. She was seen postoperatively with excel-
with absorbable 3-0 self-locking sutures and the mucosa lent results (Fig. 15.18).

closed with 5-0 absorbable sutures (Fig. 15.17). The

Recurrent Superior
laryngeal nerve parathyroid gland

Fig. 15.12 As the superior lobe of the thyroid is mobilized, the recurrent laryngeal nerve is identified with the use of a nerve monitor attached
to a Maryland dissector. The use of a nerve monitoring system is an encouraged but not mandatory tool to perform this procedure

Inferior
thyroid artery

Inferior
parathyroid gland

Fig. 15.13 Dissection is carried down to the inferior thyroid artery, pictured here. The inferior parathyroid gland can be appreciated and pre-
served in situ
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Fig. 15.14 After the same steps are repeated for the contralateral side, the dissection is complete. The thyroid is retracted to the top left of the
figure, and the extent of dissection can be appreciated

Thyroid Endocatch bag

Fig. 15.15 An endocatch bag is inserted for the removal of the thyroid. The central port can be upsized if needed for the removal of the
specimen

Tips and Pitfalls * The oral cavity is packed with strip gauze to avoid the
accumulation of fluid.
* Use of clear drape on the upper face to allow visualization * Use of combination of short and long acting local anes-
of the nasotracheal tube during the procedure. thetic for both pain and hydro-dissection during port
e Dilute chlorhexidine mouthwash both preoperatively and placement.
prior to the start of procedure.
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Recurrent
laryngeal nerve

Fig. 15.16 The hook electrocautery is being used with the monitoring system, allowing detection of an intact recurrent laryngeal nerve within
the tracheoesophageal groove

Strap muscles

Fig. 15.17 The strap muscles are approximated with absorbable suture. The intraoral incisions are closed with 5-0 absorbable suture, usually
chromic gut
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Fig. 15.18 Forty-eight hour postoperative follow-up shows normal bruising
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Summary

» Essentials for the treatment of thyroid pathology in
low- and middle-income countries (LMICs) include
sufficient knowledge of local epidemiology, cul-
tural sensitivity, patient history and cervical
ultrasonography.

e Short-term surgical missions in LMICs should only
be performed when qualitative aftercare is avail-
able, treatment outcomes are reported and there is
an objective to extend surgical facilities for local
healthcare systems.

e The treatment of thyroid pathology should follow
international thyroid management guidelines,
although local circumstances, including the scarcity
of equipment or medication, may require adoption
of strategies towards no or less extensive surgery.

e In contrast to total thyroidectomy in high-income
countries, hemithyroidectomy or extended hemithy-
roidectomy for large thyroid goitres and resectable
malignancies are the preferred procedures in areas
with limited access to thyroid hormone replacement.

e Patients should be referred when better outcomes
for the patient can be expected elsewhere.

Case: A Young Patient with Advanced
Thyroid Carcinoma

A 28-year-old lady in Kenia came by foot to the local hospi-
tal. She lived in a small village 300 km away from the hospi-
tal and had been suffering for years from large deformities in
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Groningen, Groningen, The Netherlands

P. J. Bongers (D<)
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the left side of the neck. She experienced local pressure and
had increasing difficulty swallowing, and the swelling caused
her to be socially isolated in her village (Fig. 16.1). She came
to the hospital with a request for treatment.

On inspection, we saw a healthy young woman with no
(known) medical history. On physical examination, we saw
and felt impressive lymphadenopathy on the left side of the
neck in levels II, III, IV and V and a mobile nodule in the
central neck at the level of the upper pole of the thyroid
gland. A mobile ultrasound confirmed extensive left lymph-
adenopathy and minimal right lymphadenopathy and a lesion
in the upper pole of the left thyroid, which was highly sus-
pected for thyroid cancer based on the radiologic features
(TIRADS 6).

Given the absence of radioactive iodine in the near and
distant area, it was decided to perform a left hemithyroidec-
tomy and level II-Vb lateral neck dissection. In this way, we
aimed to achieve disease control of the left neck and primary
tumor and reduce complaints of pressure and swallowing.

The decision not to perform a total thyroidectomy with
central lymph node dissection and a right lateral neck dissec-
tion was taken to prevent hypoparathyroidism in the absence
of calcium, hypothyroidism in the absence of thyroid hor-
mone replacement therapy and bilateral recurrent laryngeal
nerve paresis in the absence of an intensive care unit
(ICU). She recovered quickly without any post-operative
complications. She was discharged after 4 days, and it was
agreed that she would return for additional surgical treatment
in our clinic in the future if the lymphadenopathy in the right
neck would increase.

Low- and Middle-Income Countries

There is general agreement that both the terms ‘third world’
and ‘developing country’ have become outdated. In general,
both terms used to refer to countries with relatively poor eco-
nomic and social status.
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Fig. 16.1 Advanced carcinoma

Currently, the World Bank divides countries, also referred
to as economies, into four income groupings: low, lower
middle, upper middle, and high [1]. Annually, the gross
national income (GNI) per capita is calculated, and income
groupings are determined to facilitate this division. Different
economic grouping systems are used by the International
Monetary Fund (IMF) and the United Nations. The United
Nations Development Programme (UNDP) created the
Human Development Index (HDI) to assess the development
of a country, not based on economic growth alone [2]. Based
on a multidimensional measure of well-being, including
income, education and health, countries are grouped into
‘very high’, ‘high’, ‘medium’ and ‘low’ levels of human
development. In the year 2020, it classifies 151 countries as
developing.

In this chapter, we will use the term ‘low and middle
income countries’ (LMICs), adhering to the division used by
the World Bank.

Healthcare system restraints vary widely and may be
based on the poor accessibility of healthcare, shortage of
appropriately qualified and motivated staff, lack of diagnos-
tic and therapeutic equipment, lack of infrastructure, inade-
quate drug and medical supplies, bureaucracy, and poor
leadership or governance. Traditionally, healthcare systems
in LMICs have focused on acute care rather than chronic
conditions. Therefore, medicines for chronic conditions such
as iatrogenic hypothyroidism or hypoparathyroidism are less
accessible than those for acute conditions.

Poverty remains correlated closely with malnourishment,
less access to education, electricity, sanitation and health-
care. Citizens lacking income or health coverage are often
denied access to healthcare due to obligatory individual
payments.

When working in LMICs as a physician, or more specifi-
cally as a thyroid surgeon, it is important to note that differ-
ences among and within countries may be substantial in

terms of economy as well as healthcare standards.
Furthermore, local epidemiology differs regarding thyroid
pathology. Therefore, modest expectations and an open atti-
tude to cultural differences are vital characteristics for a suc-
cessful physician or surgeon in LMICs.

For many countries in Africa and Asia, changes such as
technological advances, the introduction of primary health-
care, increased literacy, access to safe water, sanitation and
housing, have resulted in substantial improvements in health
and life expectancy [3]. Despite this, political instability, envi-
ronmental disasters, declining economic performance, unre-
sponsive governance, weak public health infrastructure and
the onset of globalization have had a great impact on the well-
being of poor people. In most LMICs, disease-specific pro-
grams receive substantial external funding; however, broader
healthcare infrastructures remain relatively underfunded. The
density of the population is higher in urban areas, and there-
fore public health initiatives will reach a larger population in
these regions. In rural areas, access to healthcare facilities
remains a problem because of travel distance.

Surgical Missions

Five years ago, a poignant article was published in the
leading medical journal The Lancet, stating that the need
for surgical care in the poorest regions of the world is cur-
rently not widely recognized [4]. In 2010, an estimated
16.9 million lives (32.9% of all deaths worldwide) were
lost worldwide to conditions that required surgical care.
This number far exceeded the deaths from HIV/AIDS (1.6
million), tuberculosis (1.2 million) and malaria (1.2 mil-
lion) combined. Our surgical workforce will need to dou-
ble within 15 years to prevent these deaths, meaning 2.2
million additional surgeons, anaesthesiologists, orthopae-
dic surgeons, midwives and gynaecologists will need to
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be trained and positioned in rural areas. This burden of
surgical disease mainly concerns basic forms of surgery,
such as open fracture treatment, caesarean section, her-
nias, perforated hollow organs and bowel obstruction, and
also thyroid surgery [5].

The burden of surgical disease can be reduced in different
ways. One option is by surgical missions. Traditionally, sur-
geons from high-income countries (HICs) plan short-term
surgical volunteer missions. The outcomes of such missions
for specific surgery are underreported. During these mis-
sions, well-trained doctors from affluent countries carry out
interventions in a country where healthcare is less devel-
oped. They can provide essential medical interventions,
which would not be available for many patients without the
existence of these missions. However, the fact that the pro-
vided medical service is only carried out for short periods of
time is also a great downside. Follow-up, evaluation and
knowledge transfer are often absent.

In order to make a long-term contribution, such initiatives
should meet certain conditions:

1. An organization should formulate a clear vision involving
a local clinic. Are the procedures that are performed also
taught to the local doctors? Is there a transfer of knowl-
edge in such a way that the healthcare institution ulti-
mately will be able to provide this care itself? What is the
predicted time frame?

2. An organization conducting medical missions must
report its own results. In the study by Hendriks et al., the
results of short-term surgical missions have been
reviewed [6]. Of the 41 articles they found, nine mis-
sions reported no information concerning complications
and just ten organizations monitored their patients for
up to 6 months. The study only investigated the mis-
sions that put efforts in recording and publishing their
results; therefore, it likely overestimates the positive
impact of surgical missions.

3. Mission work needs to be performed in close collabora-
tion with local healthcare providers. Some missions oper-
ate with insufficient knowledge of the local culture and
healthcare system, whereas local experience is crucial to
provide appropriate treatment. Standard medical treat-
ments carried out in high-income countries may some-
times have bad outcomes in other settings. An example is
the treatment of burn wounds. It is customary for us to
use techniques such as skin transplantation, but the higher
risk of infection makes it not always a sensible
treatment.

4. Direct post-operative care is crucial. Many missions take
place in rural areas. Because of the temporary nature of
the missions, some monitoring for post-operative compli-
cations should be at hand so that proper referral to more

experienced urban hospitals is executed when the mission
healthcare workers have departed.

5. Finally, there must be a financial plan for the long term to
develop sustainable care for the local community.
Providing patients with free healthcare creates structural
dependence. The people in need of care must be willing
to put an effort into receiving this care. This ultimately
also offers the possibility to involve the local government
in providing specific care.

We want to emphasize that surgical missions should only
continue to exist when sustainable partnerships are devel-
oped. These partnerships should provide quality aftercare,
perform outcome research and build the surgical capacity of
local healthcare systems.

Differences in Thyroid Surgery in Low-
and Middle-Income Countries Compared
to High-Income Countries

The accessibility of and need for thyroid surgery depend on
different pillars: local thyroid pathology, available diagnos-
tics, treatment options and access to follow-up.

Pathology

Whereas in HICs thyroid surgery is mainly performed for
goitres or (suspected) malignancy, a different range of indi-
cations exists in LMICs. Conversely, some diseases that indi-
cate surgery in HIC may preferably be treated with
conservative management in LMICs. One should remember
that patients in LMICs always present in late phases of their
disease, which is often related to their fear of medicine or the
costs that are involved. For this reason, physicians will often
encounter patients in LMICs with large goitres or advanced-
stage disease, which is hardly seen in a HIC practice.

Goitre

There is a variance of thyroid pathology, particularly in
regions with endemic goitre. A colloid goitre in iodine-
deficient regions, for example, although seen less nowadays,
will regress in most (98%) cases treated by iodine over a
period of 3 months. Areas with iodine deficiency decreased
to 19% globally in 2017 [7]. When patients present with
obstructed breathing or swallowing, an extended hemithy-
roidectomy may be indicated (Fig. 16.2). Physiological goi-
tres that present as uniform, smooth, painless swelling of the
thyroid gland in women aged 12-20 years should be treated
conservatively. They resolve spontaneously as the period of
maximal hormonal activity passes.
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Fig. 16.2 Large goitre. Before (a) and after surgery (b)

Thyrotoxicosis and Auto-immune Disorders

Thyrotoxicosis, a clinical syndrome caused by the overpro-
duction of triiodothyronine (T3) and thyroxine (T4), has two
main potential causes in LMICs. The first is related to the
introduction of iodine to the salt in an endemic goitrous area
(idiopathic); the second cause is autoimmune with produc-
tion of antibodies against thyroid stimulating hormone
(TSH) receptors. Graves’ disease is becoming more preva-
lent in African areas, which are transitioning from iodine
deficient to iodine sufficient. The prevalence of autoimmune
hypothyroid disorders is low, compared to European or
North American countries [8]. With the absence of labora-
tory testing, thyrotoxicosis should be suspected when there
is a combination of thyroid enlargement (diffuse or nodular)
and clinical signs of hyperthyroidism, such as loss of weight,
tremor, sweating, anxiety, hyperactivity, palpitations, tachy-
cardia or exophthalmos. Sometimes the presenting symp-
toms are dramatic and characterized by complications of the
condition, such as heart failure. Similar to HICs, the first
choice of treatment in LMICs for almost all cases is the pre-
scription of propranolol, to have a rapid control of the tachy-
cardia, and carbimazole, to get the patient euthyroid over
time. Radioactive iodine, which is the standard treatment in
some HICs for older patients, is often unavailable in LMICs,
and it may lead to hypothyroidism and the need for lifelong
thyroid hormone replacement. This would be undesirable
when chronic medication is scarcely available. Surgery will
only be the choice of treatment in limited cases: in the case
of a relapse of symptoms after long-term propranolol and
carbimazole regimen, when alternative anti-thyroid drugs
are unavailable or in case of severe thyrotoxicosis [9].
Patients should be euthyroid before the operation.

Thyroid Malignancy
Thyroid malignancy presence vary across the world, both
between and within HICs and LMICs, though some patterns

are seen. As papillary thyroid cancers (PTCs) tend to be the
commonest in HICs, follicular thyroid cancers (FTCs) are
the most common in areas where iodine deficiency is
endemic [10]. In Sub-Saharan Africa and Nepal, the inci-
dence of malignancy is higher among multinodular goitres
(13-22.9%), which may favour surgery for goitres. Patient
delay often leads to a presentation of large invasive tumors.
Lymphomas originating from the thyroid gland are rare [11].
In the absence of fine-needle aspiration biopsy (FNAB) or
experienced ultrasonography, most solitary nodules are an
indication of hemithyroidectomy, reserving completion
thyroidectomy for those that are aggressively malignant
(when performed by an experienced surgeon).

Infection

Although highly rare, suspect a thyroid abscess when a thy-
roid gland becomes hot and tender accompanied with leuko-
cytosis. It is often related to immunosuppression, or it is a
rare presentation of extrapulmonary tuberculosis. Drainage
by aspiration (to prevent open tuberculosis) and intravenous
administration of antibiotic therapy may be adequate next to
the treatment of the primary disease.

Diagnostics

The availability of diagnostics for thyroid pathology, such as
ultrasonography, fine-needle aspiration biopsy (FNAB) and
biochemical testing, varies widely between LMICs and
between rural and urban clinics.

Clinical Signs

Symptoms suspicious for malignancy are hoarseness, a solid
nodule, and lymphadenopathy. In rural settings, a pragmatic
approach is often necessary: a solitary nodule without signs
of hyperthyroidism is likely to be malignant [9]. Plain radi-
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ography of the neck gives important information about com-
pression and deviation of the trachea. Chest X-ray may
reveal retrosternal extension or signs of cardiomegaly or
tuberculosis.

Ultrasound

Ultrasound machines are widely available in low-resource
settings, and for many tropical diseases the best local diag-
nostic utility [12]. Although expertise is necessary, ultra-
sound courses for local otolaryngologists can be effective,
even when of short duration [13]. In the absence of FNAB,
some easy ultrasound clues can be useful: it shows at least
whether a nodule is solid and/or cystic, single or multiple. If
a cystic swelling turns out to have clear fluid on aspiration, it
is unlikely to be malignant. It also helps identify lymphade-
nopathy. Handheld ultrasound probes are increasingly avail-
able and fairly affordable. These are specifically useful in
low-resource settings as they can be connected with smart-
phones and are independent of a stable power source.
Remember that ultrasound in inexperienced hands can lead
to false diagnoses. We believe that ultrasonography is an
indispensable diagnostic prior to thyroid surgery in low-
resource conditions. When it is not available, referral to a
larger medical centre is in place.

Cytology/Histology

Usually, a preoperative cytological diagnosis will only be
available in large medical centres, where there is a pathologist
and a physician who is comfortable performing FNAB with
sufficient tissue for diagnosis. In general, surgeons working in
conditions where FNAB or pathology are not available should
be aware that malignancy appears more prevalent in nodules
and goitres in LMICs than in HICs, possibly because when
access to healthcare is scarce, patients will only visit a doctor
when symptoms are severe (i.e., in case of malignancy).

Surgery

The indications for thyroid surgery are essentially no different
than they are in HICs. The most frequently occurring diagno-
ses are obstructive multinodular or even partially malignant
goitre, thyrotoxicosis and solitary thyroid nodules.

Considerations regarding perioperative capacity are
important before one decides to perform thyroid surgery.
Anaesthetic facilities differ per clinic. Thyroid surgery can
be performed under locoregional anaesthesia (Fig. 16.3),
although most surgeons and patients would prefer general
anaesthesia.

Surgeons should bring their own tools—they are famil-
iar with. It is advisable to bring their own set of head-
lights, surgical magnifier glasses and sometimes even
specific operative instruments to get sterilized locally. As
thyroid and perithyroidal tissues are well vascularized,

Lesser
occipital n.

Great
auricular n.

Transverse
cervical n.

Supraclavicular n.

Fig. 16.3 Locoregional anaesthesia: sensory innervation of the cervical
plexus is derived from C2-4. The superficial branches include the lesser
occipital, greater auricular, transverse cervical and supraclavicular
nerves. A superficial nerve block is performed by turning the head to the
opposite side. The midpoint of the posterior border of the sternocleido-
mastoid muscle is identified. Infiltration in multiple vectors maximum
1-2 cm deep. Numbness of the ear suggests a successful nerve block.
Infiltration directly in the incision line can be added to this

the utilization of diathermia is important; however,
advanced electrocautery instruments as used in HICs are
often unavailable. Additives for haemostasis are swabs
soaked in adrenaline solution, running absorbable sutur-
ing along the thyroid ‘capsule’ secured to the pre-tracheal
fascia and placement of wound catheters next to the thy-
roid bed. Recurrent laryngeal nerve monitoring is unlikely
to be present. Therefore, the general policy is that this
nerve should be identified.

Generally, in LMICs the extent of surgery is limited to
hemithyroidectomy or extended hemithyroidectomy, lower-
ing post-operative risks of hypoparathyroidism and hypothy-
roidism. Analysis of these post-operative conditions and
replacement therapy with calcium, vitamin D or thyroxine
are often absent. Therefore, extended hemithyroidectomy is
preferred over total thyroidectomy when surgery is indicated
for multinodular goitre, even considering the higher 10-year
recurrence risk of the prior (8.6% vs 0.6%) [14]. A classic
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subtotal thyroidectomy should not be performed for unilat-
eral nodes or goitres as this leaves bilateral remnant thyroid
tissue, which is inadequate treatment in case of (often
unknown) malignancy (Fig. 16.4). Total thyroidectomy
should be reserved for very large multinodular goitres with
bilateral tracheal compression or advanced carcinomas. They
should only be performed in well-equipped centres with

experienced thyroid surgeons and access to chronic medica-
tion (i.e. for hypocalcaemia and hypothyroidism). Often,
advanced thyroid cancer presents a therapeutic challenge
that will be unresectable.

The aim of surgical treatment should have a similar out-
come when performed in HICs. However, the treatment
options are limited by the resources available (Fig. 16.5).

Hemithyroidectomy

Extended
hemithyroidectomy

Subtotal
Thyroidectomy

Fig. 16.4 Schematic illustration of the resected tissue for a hemithyroidectomy (highlighted in green), extended hemithyroidectomy (highlighted

in red) and subtotal thyroidectomy (highlighted in blue)
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l performed in without signs of experienced centers
experienced centers advanced
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Hemithyroidectomy
when medical

Fig. 16.5 Thyroid pathology management algorithm modified for low- and middle-income countries
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Alongside experienced surgeons and trained personnel, the
minimal available equipment should include absorbable
gauzes, a suction device, electrocautery and an emergency
tracheostomy set.

In the case of advanced fast-growing fixed carcinomas
with acute respiratory obstruction, palliative comfort care
should be the treatment of choice. Damage control surgery or
tracheostomy will result in a deplorable situation for a patient
with great morbidity. Often, there is insufficient experience
how to nurse patients with a tracheostoma, especially when
patients are being discharged to their home.

In general, there is evidence that thyroid surgery can be
carried out safely with a minimum of complications even in
remote mission hospitals with limited facilities for investiga-
tion. Standards can be set in terms of surgical outcomes, for
example mortality (0%), permanent recurrent laryngeal
nerve (RLN) injury (<2%), re-exploration for haematoma
(<2%), permanent hypocalcaemia (<5%) and wound infec-
tion (2.5%) [15].

Follow-Up

Post-operative monitoring in hospitals in LMICs can be of
poor quality. Wards are often overcrowded and equipped
with poorly trained personnel. Laboratory tests for calcium
or thyroid hormone levels are often not available. Therefore,
clear instructions about the symptoms of hypocalcaemia or
hypothyroidism should be given to nurses in the ward.

In the case of acute airway obstruction caused by cervi-
cal haematoma and bilateral recurrent laryngeal nerve
palsy, sufficient recognition and timely action are neces-
sary. There is suspicion of subfascial bleeding when a
patient develops stridor and swelling in the neck. Nurses on
the ward should know how to recognize this. Therefore, it
is of utmost importance to train ward nurses before per-
forming thyroid surgery. The surgeon should be in the near
presence of the hospital during the first 24 hours after sur-
gery. An option is to perform thyroid surgery in the morn-
ing to make sure that the first post-operative period is
during the daytime.

In the case of post-operative haemorrhage, the wound —
skin and fascia—should be reopened as soon as possible to
evacuate blood clots and prevent airway obstruction. One
should be cautious of essential anatomic structures during
this emergency procedure. Poor operative light combined
with changed anatomy after surgery can result in difficult
recognition and subsequent damage to the recurrent laryn-
geal nerve or the parathyroid glands.

In-hospital recovery is more common in LMICs as patients
often live far away from the clinic and because of inferior
hygiene in their homes and limited possibility for travel back

to the hospital in case of complications. Hypothyroidism is
developed on a longer term and is characterized by fatigue,
weight gain, cold intolerance, menstrual irregularity, or bra-
dycardia. Hypothyroidism can only be acknowledged when
patients take the initiative to come to the clinic for evaluation
when they experience these symptoms. Hypothyroidism
should be treated with levothyroxine, and the dosage should
be adjusted on the basis of complaints.

The scarce availability of follow-up also plays a role in
surgical decision-making. In HICs, there is a trend towards
de-escalation of treatment for differentiated thyroid cancer
with a low-risk profile. However, for this strategy long-term
follow-up with high-quality ultrasound is required. When
patients present with reasonably small goitre or nodule with-
out signs of advanced-stage disease, non-surgical manage-
ment can be the treatment of choice when the patient is
willing and able to return to the hospital on a regular basis.

Take-Home Messages

1. When planning to work in an LMIC, it is important to
evaluate the available facilities and diagnostic tools
before commencing any treatment for thyroid pathology.
If the necessary equipment for diagnosis, treatment, after-
care or follow-up is unavailable, referral to a better
equipped medical centre should be considered.

2. Patients should only be referred to a different clinic when
they (and their family) are able to travel the distance —
physically as well as financially — and reasonably better
disease outcomes can be expected.

3. Visiting surgeons should work in a team with local physi-
cians, who are familiar with local medical dilemmas and
culturally sensitive themes. There should be investment
in teaching the local personnel about post-operative care.

4. When performing thyroid surgery in a low-resource set-
ting, (extended) hemithyroidectomy will be the preferred
and more safe strategy as it decreases the risk of compli-
cations, has a shorter recovery time and gives less post-
operative drug dependency as compared to total
thyroidectomy.

5. In the case of advanced thyroid carcinoma, palliative
comfort care should be the treatment of choice as inade-
quate treatment is much worse than palliative treatment.
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Neck Dissection for Differentiated
Thyroid Carcinoma
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and Rocco Bellantone

Introduction

Total thyroidectomy with comprehensive central and lateral
neck dissection represents the standard surgical treatment of
differentiated thyroid carcinomas (DTCs) with lateral neck
lymph node involvement (N1b) [1-7].

Lymph node metastases may negatively affect recurrence
rate and survival [1-3] and occur in 30—80% of patients with
papillary thyroid carcinoma (PTC) [8, 9] and, rarely (1-8%),
in follicular thyroid carcinoma (FTC) patients [10].

Clinical evaluation and preoperative workup are of utmost
importance to plan the correct initial surgical procedure, bal-
ancing a complete oncological removal of the tumor and
nodal disease while minimizing the complication rate.

An accurate ultrasound evaluation, eventually performed
by the surgeons, himself/herself [11], is essential in the eval-
uation of the thyroid tumor and nodal status. The loss of fatty
hilum, calcifications, peripheral vascularity, hyperecho-
genicity, rounded rather than oval shape, cystic changes, and
large size are all characteristics of lymph nodes suspicious
for nodal metastases at ultrasound [4]. Preoperative fine-
needle aspiration cytology confirms in many cases suspicion
of nodal involvement. Thyroglobulin measurement in the
washing fluid of the fine-needle aspirate can be helpful in the
diagnosis of node-positive (N1) DTC, especially in the case
of cystic lateral neck masses, where aspiration cytology is
often paucicellular [4]. In the cases in which there is no cyto-
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logically/histologically proven nodal disease, a frozen sec-
tion examination of suspiciously enlarged nodes can enable
definitive intraoperative diagnosis, reducing the need for fur-
ther operations for persistent/recurrent disease [11].

Cross-sectional imaging studies (computed tomography —
(CT) or magnetic resonance imaging — (MRI)) with intravenous
contrast could be sometimes helpful in the identification of
nodal involvement, especially in the upper mediastinum and the
retropharyngeal and parapharyngeal spaces [1, 4], and in con-
firming/excluding the invasion of adjacent organs/structures,
including the esophagus, trachea, larynx, and vessels in selected
cases (bulky tumors, tumors showing an unexpected rapid
growth, signs and symptoms of local invasion — i.e., dysphonia,
dysphagia, dyspnea, suspicious findings at preoperative ultraso-
nography). In suspicious cases, esophagogastroduodenoscopy
and/or endotracheal endoscopy can be used to preoperatively
confirm/exclude local invasion.

The preoperative workup should include the evaluation of
inferior laryngeal nerves (ILNs), by means of direct laryn-
goscopy. Preoperative vocal fold paralysis may indicate
gross invasion by tumor and/or lymph node metastasis or
surgical injury during previous operations. The affected
nerve can be confidently resected in similar situations in
order to achieve adequate oncologic resection. On the con-
trary, if normal vocal fold motility is demonstrated at preop-
erative workup, any effort should be made to preserve the
anatomic integrity and function of the ILN, even in the pres-
ence of macroscopic invasion by the tumor itself or by meta-
static nodes with an extranodal growth pattern. However, in
such challenging settings, every effort should be made to
remove all gross diseases, while preserving ILN function.
The benefits of preserving a functioning nerve should be
always weighed against the risks of leaving structural dis-
ease, especially when facing aggressive histopathological
variants of follicular-cell-derived tumors, less prone to
respond to adjuvant treatment (i.e., radioiodine treatment).

Lymph node neck dissections are challenging operations
associated with several possible complications, as many ana-
tomic structures are at risk during the surgical dissection in a

199

A. Shifrin (ed.), Atlas of Thyroid Surgery, https://doi.org/10.1007/978-3-030-93673-0_17


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-93673-0_17&domain=pdf
https://doi.org/10.1007/978-3-030-93673-0_17#DOI
mailto:Marco.Raffaelli@unicatt.it

200

M. Raffaelli et al.

relatively small operative field. The trachea, esophagus,
laryngeal nerves, and parathyroid glands are extensively
exposed during central neck dissection (CND). Moreover,
when a lateral neck dissection (LND) is performed, the inter-
nal jugular vein (IJV); common carotid artery (CCA); vagus,
hypoglossal, phrenic, and spinal accessory nerves (SANs);
sympathetic trunk; brachial plexus; and thoracic duct could
be at risk of injury.

Knowledge of anatomic landmarks, nomenclatures, clas-
sifications, and surgical techniques is essential to offer the
most appropriate surgery [7, 8].

Neck lymph nodes have been grouped in levels by the
Committee for Head and Neck Surgery and Oncology of the
American Academy of Otolaryngology-Head and Neck
Surgery (AAO-HNS), with the specific aim of standardizing
the nomenclature and reporting system of neck dissections.
Level I includes submental (Ia) and submandibular nodes (Ib).
Level II includes the upper jugular nodes (the SAN, which
travels obliquely across this area, is used as a landmark to sub-
divide this group into IIb, the portion above and behind the
nerve, and Ila, the portion that lays antero inferiorly to it).
Level III includes the mid jugular nodes, and level IV includes
the lower jugular nodes. Level V includes the lymph nodes of
the posterior triangle of the neck (this level is further subdi-
vided by a plane passing along the inferior border of the cri-
coid cartilage into level Va, superiorly, containing the spinal
accessory nodes, and level Vb, inferiorly, containing the trans-
verse cervical and supraclavicular nodes) [12, 13]. Level VI-
VII nodes include the lymph nodes of the anterior cervical
compartment (level VI) and the superior mediastinal nodes
that can be reached via a cervical incision (previously reported
as level VII), more commonly reported as central compart-
ment. The boundaries of the anterior compartment (level VI)
are defined superiorly by the hyoid bone, inferiorly by the ster-
nal notch, and laterally by the medial aspect of the carotid
sheath. Superior mediastinal nodes (level VII lymph nodes)
that are removable by a trans cervical approach are those asso-
ciated with the brachiocephalic vein and innominate artery.
The boundaries of level VII are the suprasternal notch superi-
orly, the medial aspect of the carotid sheath laterally, and the
innominate artery on the right (at its point of tracheal crossing)
and the corresponding axial plane on the left [14].

Regarding the surgical technique, following the initial
description by G. Crile in 1906 of a series of patients who
successfully underwent radical neck dissection (RND) [15],
which implied the removal of level I-V neck nodes en bloc
with the 1JV, sternocleidomastoid muscle (SCM), and SAN,
several modifications have been proposed over the last cen-
tury in order to minimize the unnecessary consequences and
mutilation of Crile’s procedure. Owing to high morbidity
and anatomical deformity due to RND, in 1963, O. Suarez
[16, 17] and, subsequently, Bocca and Pignataro [16] and

Gavilan et al. [18-20] described a modified RND (MRND)
as functional neck dissection [16, 21], in which satisfactory
oncologic results could be obtained while preserving key
anatomical structures, i.e., SAN, IJ'V, and SCM, using a tech-
nique of dissection, which follows the fascial planes of the
neck.

Indeed, the cervical lymph nodes are without exception
contained in the spaces delimited by the muscular fasciae
and vascular aponeuroses. As a consequence, in the absence
of direct muscular, vascular, and/or nervous invasion, neck
dissection can be safely achieved by removing the fascial
covering en bloc with the fibrofatty tissue containing the
lymph nodes while preserving muscular, vascular, and ner-
vous structures [16]. Classically four different fascial layers
have been described in the neck: the superficial cervical fas-
cia (SCF) and the deep cervical fascia (DCF). The latter fur-
ther recognizes three more different layers: the superficial
(SLDCF), middle (MLDCF), and deep layers of the DCF
(DLDCF) [22, 23].

Then the crucial point in CND and LND is the fascial
compartmentalization of the neck: the “wrapping cloth” (i.e.,
the whole aponeurotic system) can be removed in one piece,
together with the packing material (i.e., the cellular and fat
tissue contained therein), while preserving important and
non affected structures [16].

CND and LND should comprehensively remove fibro
fatty tissue in the target compartments, ensuring complete
oncologic removal of all nodal diseases, while preserving the
anatomical integrity and function of non lymphatic
structures.

In the case of N1b DTC, to date, CND and selective LND,
including levels Ila, III, IV, and Vb, are considered the stan-
dard of treatment in the absence of lymph node involvement
at levels I, IIb, and Va [1].

In the present chapter, the authors described the technique
for comprehensive CND (levels VI and VII) and LND (levels
II-VB) using a fascial dissection approach.

Surgical Technique

Lymph node dissection for thyroid carcinoma should
include a comprehensive, possibly en bloc, removal of all
the target nodal basins: prelaryngeal, pretracheal, and
paratracheal lymph nodes in CND and levels IIa—Vb in
LND. The dissection of additional nodal groups (i.e., ret-
ropharyngeal, retroesophageal, level I, level IIb, and level
Va) is selectively needed on the basis of the dissemination
of nodal disease.

To achieve an adequate and comprehensive clearance of
the target basins, it is particularly useful to follow the planes
of coalescence of different fascial layers, which are avascular
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and allow to remove the target nodes en bloc with their
investing fascial layers. That is the well-known principle of
fascial dissection, theorized for LND by O. Suarez and popu-
larized worldwide by Bocca and Pignataro [16] and Gavilan
etal. [18, 20, 24]. Despite this concept having been primarily
developed for LND dissection, it is applicable also for CND,
owing to the fascial envelopments of the central (anterior)
compartment.

When neck dissection is performed at the time of thyroidec-
tomy, the central compartment would be preferably removed
en bloc with the thyroid gland to respect the principles of onco-
logic resection. When LND is planned and performed at the
same time as thyroidectomy and/or CND, it should be accom-
plished first to reduce the risk that traction on an empty thyroid
bed (central compartment) would cause inadvertent injury to
the ILN and/or parathyroid glands, which are no more pro-
tected by adjacent structures. For this reason, in the present
chapter, the operative technique of LND will be discussed first.

The central and lateral compartments are separated by the
carotid sheath. For this reason, en bloc resection of the lateral
and central compartments is not suitable. Conversely, in the
case of RND or extended radical neck dissection for locally
advanced tumors, invading structures included in the carotid
sheath, en bloc resection of the lateral and the central com-
partments could be feasible and advisable.

Patient’s Preparation and Positioning
General anesthesia with orotracheal intubation is needed.

Nerve-monitoring endotracheal tube is preferable. The
patient is placed in supine position, and the neck is slightly

hyperextended with the help of a shoulder roll (Fig. 17.1).
After checking the nerve monitoring system, the patient is
prepared and draped in the usual way. The trapezoidal opera-
tive field should include the chin, the inferior margin of the
mandible, and the earlobe cranially, the anterior margin of
the trapezius muscle laterally, and the sternal notch and the
clavicle caudally (Fig. 17.2a).

In the case of LND, the head of the patient should be
rotated on the opposite side to maximize exposure. During
such maneuver, it is important to avoid any dislodgment of
the orotracheal tube and its electrodes for intraoperative
nerve monitoring.

Skin Incision and Flap Elevation

In a conventional procedure, a 4-5-cm collar incision about 2
fingers above the sternal notch, usually in a natural neck
crease, is adequate to provide access and good exposure for
total thyroidectomy and CND. In the case of LND, the inci-
sion should be prolonged on the side(s) of the dissection
(Fig. 17.2b). The horizontal skin incision should be prolonged
up to the posterior third/posterior margin of the ipsilateral
SCM. The extended collar incision can offer adequate expo-
sure for neck dissections required in thyroid carcinoma.
Monopolar cautery is used to elevate the subplatysmal
flap (Fig. 17.3), preserving the SLDCF, the external and
anterior jugular veins, and the greater auricular nerve. The
flap should be extended cranially to expose the hyoid bone in
the midline and the submandibular gland laterally if LND is
planned. Inferiorly, the flap is elevated to the sternal notch in
the midline and the clavicle laterally. The posterior border of

Fig. 17.1 Patient’s position. The patient is placed in supine position, and the neck is slightly hyperextended with the help of a shoulder roll.
General anesthesia with orotracheal intubation is needed. A nerve-monitoring endotracheal tube is advisable
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Fig.17.2 (a), Operative field should include the chin, the inferior mar-
gin of the mandible and the earlobe cranially, the anterior margin of the
trapezius muscle laterally, and the sternal notch and the clavicle cau-
dally. (b) Horizontal skin incision is performed about 2 fingers above

the SCM should be exposed as well if LND is planned
(Fig. 17.4).

Selective Lateral Neck Dissection: Levels II-Vb

It should be underlined that the sequence of the steps usually
reflects the operating surgeon’s preference and experience.
Usually, a medial to lateral approach is used by general and
endocrine surgeons, while a lateral to medial approach is

the sternal notch, ideally in a natural neck crease, and is prolonged lat-
erally on the side of neck dissection until the posterior third/posterior
margin of the ipsilateral sternocleidomastoid muscle

usually preferred by head and neck surgeons. Every approach
has its own advantage(s). A combination of both a lateral to
medial and a medial to lateral approaches can be useful,
depending on the step of the procedure and the individual
patients and tumor to be treated.

What is of utmost importance is the comprehensive
removal of all the fibrofatty tissue en bloc and embedded
within the investing fascial planes.
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Fig. 17.3 A wide subplatysmal flap is elevated upward, paying attention to preserving the integrity of the superficial layer of the deep cervical

fascia (see text). PlaM — platysma muscle

Fig.17.4 The subplatysmal flap is accomplished, preserving the integ-
rity of the superficial layer of the deep cervical fascia and the anterior
jugular veins. It is extended cranially to expose the hyoid bone in the
midline and the submandibular gland laterally and caudally to the ster-

Unwrapping the SMC

The dissection starts with vertical incision of the SLDCF
investing the SCM along all the length of the SCM itself. The
incision is preferably close to the posterior border of the
SCM (Fig. 17.5). At this point, the SCM should be com-
pletely enwrapped. Although most surgeons usually prefer to
proceed with subfascial dissection toward the anterior mar-
gin of the muscle, it could be preferable to prepare the dis-
section of the subclavicular triangle first, proceeding with a

nal notch in the midline and the clavicle laterally. The posterior border
of the SCM is exposed. SCM —sternocleidomastoid muscle, SMG —sub-
mandibular gland

postero lateral direction. The incised fascia is then elevated
by means of a pair of forceps and retracted postero laterally
at the level of the distal third of the SCM. Dissection is
achieved by means of monopolar electrocautery or bipolar
scissors to avoid any minimal bleeding.

The SLDCEF is detached from its infero anterior attach-
ments at the level of the sternum and the medial third of the
clavicle. Once the posterior border of the SCM is reached,
dissection of the fascia proceeds anteriorly along the poste-
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Fig. 17.5 Unwrapping the sternocleidomastoid muscle. The superficial
layer of the deep cervical fascia is incised vertically along the sternoclei-
domastoid muscle, close to its posterior border, and subfascial dissection
is accomplished using monopolar cautery. In the distal thirds of the ster-

Fig. 17.6 Superficial dissection of the supraclavicular triangle. The
inferior belly of the omohyoid muscle is identified and unwrapped of
the investing middle layer of deep cervical fascia, from the intermediate

rior aspect of the distal third of the muscle, which is retracted
antero medially, allowing a progressive dissection of the fas-
cial covering (Fig. 17.5). The posterior belly of the omohy-
oid muscle is then identified and unwrapped of its fascial
coating from the intermediate tendon to its crossing with the

nocleidomastoid muscle, dissection proceeds first posteriorly along the
posterior border and the inferior aspect of the sternocleidomastoid mus-
cle (supraclavicular triangle). SCM — sternocleidomastoid muscle

tendon to the point where it crosses the trapezius muscle. OHM — omo-
hyoid muscle, SCM - sternocleidomastoid muscle

trapezius muscle (Fig. 17.6). Unwrapping the omohyoid
muscle will be continued anteriorly during the anterior dis-
section. It is essential to preserve the muscle and obtain ade-
quate exposure, especially during supraclavicular triangle
dissection. In addition, it should be underlined that omohy-
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Fig. 17.7 Superficial dissection of the supraclavicular triangle completed. GAN — greater auricular nerve, OHM — omohyoid muscle, SAN — spi-
nal accessory nerve, SCM - sternocleidomastoid muscle, TM — trapezius muscle

Fig. 17.8 Dissection of the superficial layer of the deep cervical fascia
is continued along the anterior aspect of the sternocleidomastoid mus-
cle and its anterior margin. The fascial layer is elevated with two for-

oid muscle is enveloped by the MLDCF that should be
removed en bloc to ensure adequate clearance.

Once the achieved dissection of the posterior belly of the
omohyoid muscle is achieved, the SLDCF is detached inferi-
orly from the clavicle and posteriorly from the trapezius
muscle. The clavicle and the trapezius muscle are exposed.
Dissection is then continued upward along the anterior mar-
gin of the trapezius muscle until exposure of the external
jugular vein, which can be ligated or preserved (Fig. 17.7). If
preservation of the external jugular vein is chosen, it should

and  dissection
SLDCF - superficial layer of the deep cervical fascia, SCM - sterno-
cleidomastoid muscle

ceps performed using monopolar cautery.

be freed from investing in fibrofatty tissue. At this point, the
superficial dissection of the supraclavicular triangle is com-
pleted. A small gauze may be left at this level.

Dissection is then directed anteriorly. The SLDCF is
detached along the anterior aspect of the SMC. When dissec-
tion reaches the anterior border of the SCM, the muscle is
retracted posteriorly to continue dissection underneath, over
its medial aspect, starting from the caudal portion upward,
aiming to free the fascial covering from the posterior border
of the SCM (Fig. 17.8). Inferiorly, the dissection reaches the
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Fig. 17.9 The sternocleidomastoid muscle is completely unwrapped of its investing fascial layer, belonging to the superficial layer of the deep
cervical fascia. That allows complete mobilization of the sternocleidomastoid muscle itself. SCM — sternocleidomastoid muscle

previously dissected supraclavicular triangle, as evidenced
by the identification of the gauze left at that level.

Dissection over the medial surface of the SCM is then
continued, allowing complete mobilization of the SCM
(Fig. 17.9). When dissection reaches the cranial third of the
muscle, special attention should be paid to the SAN that
enters the muscle, approximately at the junction of its upper
and middle thirds. To minimize the risk of SAN injury, it
may be preferable to stop posterior dissection before reaching
such a dangerous area. Dissection can be more safely accom-
plished after the dissection of the submandibular triangle and
the identification of the SAN in its proximal tract below the
posterior belly of the digastric muscle.

In summary, the first step of the procedure consists in the
complete unwrapping of the SCM (Fig. 17.9) and of the infe-
rior belly of the omohyoid muscle and the dissection of the
SLDCEF from its clavicular and sternal attachments and from
the anterior border of the trapezius muscle. Below Erb’s
point, dissection is accomplished posterior to the SCM; in
the upper two thirds, dissection is accomplished anterior to
the SCM.

Preparing the Submandibular Triangle

At this point, the SLDCF is incised along the inferior margin
of the submandibular gland (Fig. 17.10a). The gland is then
retracted upward to expose the cranial boundary of the dis-
section represented by the posterior belly of the digastric
muscle and the stylohyoid muscle. In the SND for thyroid
carcinoma, the section of the facial vein is not required.
However, it should be preferably unwrapped of the investing

fascial layer, since small lymph nodes may be missed along
its posterior aspect, below the inferior margin of the subman-
dibular gland.

Dissecting the Medial Boundary

At this point, the dissection of the SLDCF is continued along
the lateral margin of the sternohyoid muscle by preserving the
anterior jugular veins. The SLDCF is dissected away from the
antero lateral aspect of the sternohyoid muscle. This allows
exposing the medial border of the LND, which is represented
by the coalescence of the fascia covering the lateral border of
the sternothyroid muscle with the carotid sheath (Fig. 17.11).
Proceeding in a postero lateral direction, the superior belly of
the omohyoid muscle is identified and completely unwrapped
of its investing fascia (Fig. 17.12). This allows for complete
mobilization of the muscle, very useful in the text steps of the
dissection process and for complete exposure of the carotid
sheath and the neurovascular bundle of the neck. By retract-
ing postero laterally the medial border of the dissected
SLDCEF, the neurovascular bundle is unwrapped, caudal to
cranial, until reaching the sagittal aponeurosis, posterior to
the neurovascular bundle, and, consequently, the coalescence
of the avascular plane with the DLDCF (Fig. 17.13). An effort
should be made to preserve the descending branch of the ansa
cervicalis, which should be followed upward till its travels
along with the hypoglossal nerve. Moreover, during the most
posterior part of the dissection, its ascending branch should
be preserved as well since it represents an important land-
mark for the deepest plan of dissection (Fig. 17.13). During
this step of the dissection, it is usually unnecessary to ligate
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a b

Fig. 17.10 Preparing the submandibular triangle. (a) The superficial ~medially and upward to expose the cranial boundary of the dissection,
layer of the deep cervical fascia (*) is incised along the inferior border — represented by the posterior belly of the digastric muscle (DM) and the
of the submandibular gland. (b) The submandibular gland is retracted  stylohyoid muscle
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Fig. 17.11 The medial boundary of the lateral neck dissection is dissected: it is represented by the coalescence of the fascia investing the sterno-

thyroid muscle and the carotid sheath (*). AJV — anterior jugular vein

Fig. 17.12 The superior belly of the omohyoid muscle (OHM) is identified and completely unwrapped of the investing middle layer of the deep

cervical fascia

the facial, lingual, and thyroid artery and veins, but they
should be completely freed from the investing fascia.

In the caudal portion of the field, the IJV should be pre-
pared till its confluence with the subclavian vein (Pirogoff’s
trunk), eventually preserving also the external and anterior
jugular veins. At this level, attention should be paid to avoid

injury to the thoracic duct on the left and the right lymphatic
duct (if present) at their confluence on the Pirogoff’s trunk.

During the dissection of the posterior aspect of the neuro
vascular bundle, special attention should be paid to avoid
inadvertent injury to the sympathetic chain, which can result
in Horner’s syndrome.
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Fig. 17.13 The sagittal fascia posterior to the carotid sheet is incised,
and the plane of coalescence of the superficial and deep cervical fascia
layers is exposed. Dissection is continued along that avascular plane.

The ascending branch of the ansa cervicalis is identified and preserved.
AcHN - ascending branch of the ansa cervicalis of the hypoglossal
nerve, IJV — internal jugular vein, OHM — omohyoid muscle

Fig. 17.14 Dissection of level II — submandibular triangle — the facial vein is unwrapped, and the hypoglossal nerve is identified. FV — facial vein,

HN - hypoglossal nerve, IJV — internal jugular vein

Dissecting Level Il

Proceeding upward, the fascia is incised along the posterior
belly of the digastric muscle. Countertraction by the assis-
tant over the uppermost portion of CCA facilitates the iden-
tification of the hypoglossal nerve (Fig. 17.14), following
the descending branch of the ansa cervicalis. Dissection
over the fascial plane is then continued laterally to complete

the dissection of the anterior and lateral aspects of the
1JV. At this point, the supero medial retraction of the poste-
rior belly of the digastric muscle and the latero inferior
retraction of the SCM muscle allow adequate exposition of
the SAN between the SCM and IJV. The SAN has then to be
completely dissected from its surrounding tissue since it
crosses the intrafascial tissue, and it is completely embed-
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ded with lymph nodes containing fibrofatty tissue. In the
absence of a gross involvement of such lymph nodes, it
would be enough to dissect the tissue anterior to the nerve
(ITa dissection). In the case that a level IIb dissection is
needed, the SAN must be gently displaced to dissect the cra-
nial and posterior fibrofatty tissue. Then the dissected IIb
tissue has to be passed behind the nerve to be removed en
bloc with the remaining specimen. Thus, in level IIb dissec-
tion, the splenius capitis and the levator scapulae muscles

represent the most posterior aspect of the dissection in the
cranial part of the operative field (Fig. 17.15).

Level lll and IV Dissection

At this point, while the SCM is retracted laterally and the
vascular bundle medially, the downward retraction of the
specimen allows completing the dissection of the posterior
boundary along the plane of coalescence of the SLDCF
and DLDCEF (Fig. 17.16) by preserving the roots of the

Fig. 17.15 Dissection of level II — the spinal accessory nerve has to be
completely dissected from its surrounding tissue since it does not fol-
low a fascial plane, but it crosses the intrafascial tissue and it is com-
pletely embedded with lymph nodes containing fibrofatty tissue. In case

level IIb dissection is required, the splenius capitis and the levator scap-
ulae muscles represent most of the posterior aspect of the dissection in
the cranial part of the operative field. SAN — spinal accessory nerve,
SC — splenius capitis, * — lymph nodes retracted downward

Fig.17.16 Dissection of levels III and IV — the dissection of the posterior boundary is accomplished along the plane of coalescence of the super-
ficial and deep layers of the deep cervical fascia, while the neurovascular bundle is retracted medially. IJV — internal jugular vein
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cervical plexus (level III) (Fig. 17.17). The specimen is
then passed behind the omohyoid muscle, and dissection is
continued downward (level IV). Following the fascial
plane allows preserving the integrity of the phrenic nerve
and thyrocervical trunk. However, infrascalenic nodes can
be safely removed en bloc after identifying the phrenic
nerve. Small vascular branches arising from the thyrocer-
vical trunk have to be ligated. Preserving the thyrocervical
trunk is of utmost importance to reduce the risk of postop-
erative hypoparathyroidism.

In summary, during this step, since both the lateral and medial
borders have been already prepared, it is possible to safely dis-
sect the posterior aspect along the DLDCF, which should not be
violated; Should be performed in an avascular plane, and the
injury to the phrenic nerve should be avoided (Fig. 17.18).

Completing Level Vb Dissection (Supraclavicular
Triangle)

At this point in time, the SCM is retracted medially, and the
specimen is passed behind and transposed postero laterally

Fig. 17.17 Dissection of level III — dissecting along the fascial plane allows to preserving the roots of the cervical plexus. CeP — cervical plexus,

1JV —internal jugular vein, OHM — omohyoid muscle

Fig. 17.18 Level IV dissection is completed along the superior aspect of the subclavian vein. IJV — internal jugular vein, SV — subclavian vein,

* deep layer of the deep cervical fascia (prevertebral fascia)
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Fig.17.19 Completing level IV-Vb dissection (supraclavicular triangle) — the sternocleidomastoid muscle is retracted medially and the specimen
passed behind and transposed postero laterally. SCM — sternocleidomastoid muscle, EJV — external jugular vein, IJV — internal jugular vein

Fig. 17.20 Completing level IV-Vb dissection (supraclavicular trian-
gle) — the brachial plexus is exposed posteriorly, the dissection is com-
pleted along the anterior margin of the trapezius muscle, and the

(Fig. 17.19). The dissection continues along the superior
aspect of the subclavian vein, exposing posteriorly the bra-
chial plexus. Then the dissection is completed along the
anterior margin of the trapezius muscle, and the specimen is
removed (Fig. 17.20).

Central Neck Dissection (Levels VI-VII)

Strap Muscle Dissection
The strap muscles are separated along the midline as exten-
sively as possible from the hyoid bone to the sternal notch.

specimen of the lateral neck dissection is removed. BrP — brachial
plexus, PhN — phrenic nerve, SCM - sternocleidomastoid muscle,
TM - trapezius muscle

In the case of large infiltrating tumors and/or bulky lymph
node metastases, en bloc resection of the sternothyroid mus-
cles can be advisable since it ensures adequate exposure and
clearance. In such cases, a complete mobilization of the
sternohyoid muscle is reached by dissecting its posterior
aspect from the anterior aspect of the ipsilateral sternothy-
roid and thyrohyoid muscles. After that, the sternothyroid
muscle is sectioned at its proximal (thyroid cartilage) and
distal (sternal) insertions (Fig. 17.21). If needed or pre-
ferred, the SLDCEF, in its anterior portion, covering the strap
muscles, can be removed en bloc with the central compart-
ment. It is sectioned cranially at the level of the hyoid bone
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Fig. 17.21 Central compartment dissection. Once the sternohyoid muscle is freed from the ipsilateral sternothyroid and thyrohyoid muscles, the
right sternothyroid muscle is sectioned at its proximal (a) and distal (b) insertions. STM — sternothyroid muscle

and caudally at the level of the sternal notch. Then the ster-
nohyoid muscles are unwrapped from lateral to medial.
When the dissection reaches the medial border of the sterno-
hyoid muscles on each side, it changes direction, and the
posterior aspect of the sternohyoid muscles is dissected as
described above, leaving the fascial envelopment connected
along the median raphe with the sternothyroid muscles and
the “content” of the central compartment.

Dissection of the Lateral Boundary (Exposure

of the CCA)

The dissection, using monopolar and/or bipolar cautery, fol-
lows the lateral margin of the sternothyroid muscle, along
the carotid sheath (Fig. 17.22). Complete exposure should be

obtained from the thyroid cartilage to the innominate trunk
on the right side and as low as possible on the left side,
depending on the patient’s morphometric characteristics, but
at least to the plane corresponding to the level where the
innominate trunk crosses the trachea on the right side.

Identification of the ILN and Paratracheal
Dissection

After the identification of the external branch of the superior
laryngeal nerve and the selective dissection of the upper thy-
roid pedicle, the thyroid lobe is retracted medially to expose
the tracheoesophageal groove. The ILN nerve is identified
where it crosses the inferior thyroid artery or its branches,
possibly using intraoperative nerve monitoring to confirm
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Fig.17.22 Dissection of the lateral boundary of the central compartment (exposure of the common carotid artery). CCA — common carotid artery,
*middle layer of the deep cervical fascia, investing the sternothyroid muscle at the conjunction with the carotid sheet

Fig. 17.23 After identifying the inferior laryngeal nerve, the sagittal
aponeurosis is incised and the posterolateral fibrofatty tissue dissected
from lateral to medial along the lateral aspect of the inferior laryngeal

correct identification. Intraoperative nerve monitoring can
also help in the identification of ILN. On the right side, the
nerve should be dissected from the surrounding fibrofatty
tissue along its entire cervical course from its origin behind
the subclavian artery to its entrance into the larynx
(Fig. 17.23). At this point, the sagittal aponeurosis posterior

¥ o
T

da

€ RILN

nerve, preserving its anastomotic branches with the sympathetic chain.
RILN - right inferior laryngeal nerve, SILAB — sympathetic inferior
laryngeal anastomotic branch

to the carotid sheath should be incised and the posterolateral
fibrofatty tissue dissected with a lateral-to-medial direction
along the lateral aspect of the ILN, preserving the small
sympathetic-inferior laryngeal nerve connecting the
branches (Fig. 17.23) [25]. Then the posterior aspect of the
nerve is freed from the fibrofatty tissue. The ILN is cau-
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Fig. 17.24 Paratracheal dissection and thyroidectomy — the right infe-
rior laryngeal nerve is dissected from the surrounding fibrofatty tissue
all along its cervical course, and the right thyroid lobectomy is com-

tiously antero laterally displaced, and the posterolateral por-
tion of the paratracheal nodes is transposed behind it
medially (Fig. 17.24). The dissection is then continued in
the antero medial portion of the paratracheal nodes, expos-
ing the antero lateral aspect of the esophagus and the lateral
aspect of the trachea. In most cases, the infero lateral part of
the dissected field may expose the apex of the ipsilateral
lung. On the left side, the nerve is identified where it crosses
the inferior thyroid artery and followed in a caudal direction
as deep as possible in the upper mediastinum. At this point,
the sagittal aponeurosis is incised behind the carotid sheet.
By lateral to antero medial retraction, the lymph node con-
taining fibrofatty tissue is completely freed along the antero
lateral aspect of the ILN, exposing the esophagus and the
lateral margin of the trachea. Any effort should be done to
preserve the superior parathyroid glands. First of all, a
bloodless surgical field is essential since any bleeding could
determine an alteration of the colors, which is essential for
parathyroid identification. Once identified, the parathyroid
glands should be preserved with their vascular pedicles as
far as possible. This implies a very gentle, cautious, and
sometimes time-consuming dissection.

Pretracheal Dissection

Just below the sternothyroid muscle, it is possible to iden-
tify the thymus. It should be explored for the identification
of intrathymic parathyroid glands, which are often encoun-
tered or used as a landmark for the identification of infe-

pleted. CCA — common carotid artery, RILN — right inferior laryngeal
nerve, Tr — trachea

rior parathyroid glands embedded in the thyrothymic tract.
The thymus, and the eventually identified inferior parathy-
roid gland, in the absence of overt involvement by the
tumor or nodal disease, should be preserved since it lies in
an anatomical plane anterior to the pretracheal nodes in
order to preserve the viability of the inferior parathyroid
glands. After that, the most inferior portion of the central
compartment (upper mediastinal nodes) is dissected from
the antero superior aspect of the innominate trunk, expos-
ing the right brachiocephalic vein. Dissection is continued
upward, dissecting the fibrofatty tissue embedded in the
visceral portion of the MLDCF from the tracheal fascia
(Fig. 17.24).

Prelaryngeal (Delphian) Nodes

Dissection then continues, en bloc with the thyroid gland
and/or the resected sternothyroid muscles, in the prelar-
yngeal compartment, paying attention to avoid injury to
the cricothyroid muscle, cricothyroid membrane, and
thyroid cartilage, along with the pyramidal lobe in the
case of synchronous thyroidectomy. Dissection should be
continued extensively upward in order to expose the
hyoid bone.

Wound Closure
After checking hemostasis and lymphatic leak (Fig. 17.25),
the sternohyoid muscles are reapproximated along the mid-
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Fig. 17.25 Final view of the operative field. Checking hemostasis after thyroidectomy and central neck dissection is completed. RILN - right
inferior laryngeal nerve, SILAB — sympathetic inferior laryngeal anastomotic branch, SPG — superior parathyroid gland, Tr — trachea

line. The wound is closed with subcuticular running sutures.
Suction drains may be left inside.

Conclusion

Neck dissection is one of the most complicated surgeries of
the human body since several nervous, muscular, and vascu-
lar structures are at risk during dissection. Thus, in patients
with differentiated thyroid cancers, comprehensive central
and lateral neck dissections should be performed only with a
therapeutic intent (i.e., in the presence of proven lymph node
metastases). Accurate knowledge of applied anatomy and
embryology is essential to achieving a radical resection
while minimizing the risk of complications. Since fibrofatty
tissue containing lymph nodes is enveloped by the deep cer-
vical fascia, to achieve an adequate and comprehensive
clearance of the target basins it is particularly useful to fol-
low the planes of coalescence of different fascial layers,
which are avascular and allow to remove the target nodes en
bloc with their investing fascial layers. Those layers are avas-
cular and allow the surgeon to remove the target nodes en
bloc along with their investing fascial layers. The technique
of fascial dissection for both central and lateral compart-
ments has been described in the present chapter.
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Introduction

Substernal goiter (SG) affects up to 1 in 5000 patients [1] and
was first described by Haller [2] in 1749, and since then it has
been given various names: intrathoracic, retrosternal, subster-
nal, subclavicular, mediastinal, among others. Substernal goi-
ters are usually classified as primary if they result from an
abnormal embryologic migration of the thyroid and receive
intrathoracic blood supply (less than 1% of cases) or second-
ary if the thyroid tissue descends into the mediastinum, main-
taining proper thyroid vessel blood supply [3].

Many definitions of substernal goiter have been proposed
(Table 18.1) [4], but it can generally be defined as a goiter
that partially or totally extends in the anterior or posterior
mediastinum and that requires a mediastinal dissection for
its extraction.

From an anatomical point of view, substernal goiters can
be described according to their relationship with intratho-
racic vessels, trachea, and esophagus: in 85%, they are
localized in the anterior mediastinum (type I) with the mass
extending anteriorly to the subclavian and innominate ves-
sels, and in 15% of cases, they are localized posteriorly to
these vessels (type II). Regarding posterior mediastinal goi-
ters, some authors further differentiate them according to
their relationship with the trachea and esophagus
(Table 18.2) [5].

The differentiation between anterior and posterior sub-
sternal goiters is of paramount importance to predict the
localization of the recurrent laryngeal nerve (RLN), which
can be located anterior to the goiter or even entrapped inside
the thyroid tissue in type II substernal goiters [6].
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Table 18.1 Substernal goiter according to different definitions

Author Year Definition

Hsu 1995 A thyroid gland (clinically or radiologically)
below the sternal manubrium

Kocher 19xx A thyroid gland in which some portion remains
permanently retrosternal

Torre 1995 Goiter with its lower position permanently
remaining below the sternal notch with the neck
in hyperextension

Eschapase 1989 Goiter totally or partially located in the
mediastinum that, in operating position, has its
edge at least 3 cm below the sternal manubrium

Lahey 1920 Goiter that needs exeresis to be performed in the
upper mediastinum

Lindskog 1957 Thyroid growth up to the level of the fourth
thoracic vertebrae on X-ray examination

Crile 1939 Thyroid growth up to the aortic arch

Katlic 1985 Goiter in which at least 50% is retrosternal

Table 18.2 Substernal goiter classification

Type Location Anatomy

I Anterior mediastinum Anterior to RLN, trachea,
and great vessels

1T Posterior mediastinum Posterior to RLN, trachea,
and great vessels

IIA Ipsilateral extension

1IB Contralateral extension
B1 Extension posterior to both
trachea and esophagus
B2 Extension between trachea and

esophagus
III Isolated mediastinal goiter (or Possible mediastinal blood
primary) supply

From Randolph [5], with permission

The lack of a unique definition for substernal goiter leads
to highly variable prevalence reports, ranging from 0.2% to
45%, of thyroidectomies [7]. In a large series of 355 patients
in 2011, Raffaelli et al. [8] reported a rate of 15.7% of sub-
sternal goiters, defined as an enlarged thyroid gland with
more than 50% of the gland or of any thyroid nodule located
in the mediastinum, as evaluated during the surgical proce-
dure with the neck extended.
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The majority of patients present a visible neck mass (77—
90%), although a significant number of substernal goiters are
found incidentally on imaging studies performed for other
reasons.

Symptoms of substernal goiter may range from complete
absence to compressive effects on neurovascular or aerodi-
gestive structures.

The most common symptoms associated with substernal
goiter are dysphagia, dyspnea, orthopnea, cough, and globus
sensation.

The large majority of substernal goiters can be success-
fully managed by thyroidectomy through a cervical approach.
A concomitant partial or complete sternotomy or other tho-
racic approaches are needed in a minority of patients, rang-
ing between 1% and 11% of cases [7]. Sternotomy, while
conditioning the postoperative hospital stay, does not seem
to aggravate a patient’s mortality and morbidity [9].

Regarding postoperative complications, hypoparathyroid-
ism and RLN palsy remain the most common complications
after thyroidectomy for substernal goiter. Several studies
reported higher morbidity after thyroidectomy for substernal
goiter, particularly when a thoracic approach is necessary
[10, 11]; however, other authors do not report a higher risk of
postoperative complications if thyroidectomy is performed
in high-volume centers [8].

Procedure

A 53-year-old woman presented to the endocrine surgery
service for a large substernal goiter with subclinical hyper-
thyroidism. The patient reported progressive symptoms of

Fig. 18.1 Coronal CT scan image showing the presence of a large
type IIA goiter

y

fi

Fig. 18.2 Sagittal CT scan image showing the anatomical relations
with the big type IIA goiter

Fig. 18.3 Axial CT scan image showing the large goiter and the slight
reduction of the trachea lumen size

dysphagia to solids and dyspnea mostly in supine position.
A computed tomography (CT) scan (Figs. 18.1, 18.2, and
18.3) showed the presence of a large type IIA goiter with
only a slight reduction of the tracheal size.

Positioning

The patient under general anesthesia is positioned supine
with gentle neck extension. Orotracheal intubation with elec-
tromyographic (EMG) endotracheal tube is wusually
performed with the use of a fiber-optic laryngoscope in our
institution.

The patient is positioned with both arms tucked by his/
her sides in 25-30° of flexion of the trunk with an inflat-
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Fig. 18.4 Patient preparation. Supine position with partial cervical extension. Cervical incision site is drawn. Midline sternal landmark is drawn

in case of sternotomy conversion

Fig. 18.5 Skin incision: a transverse Kocher incision is centered 2 fingerbreadths above the sternal notch

able straight tube or a folded blanket behind the scapula
to allow for a moderate passive cervical extension. The
chest should be prepared in all patients with SG, even
when a sternotomy is unlikely, to allow for mediastinal
access in case of unexpected difficulties (unexpected
adherences due to cancer or inability to mobilize the infe-
rior part of the SG or vascular lesion in particular)
(Fig. 18.4).

Incision and Exposure

A 6- to 10-cm transverse Kocher incision is centered 2 fin-
gerbreadths above the sternal notch (Fig. 18.5). The platysma

is divided and a superior subplatysmal flap is raised to the
thyroid cartilage and an inferior flap is dissected to the ster-
nal notch (Figs. 18.6, and 18.7). The “midline” of the strap
muscles is then identified, which is often deviated by an
asymmetric goiter. Strap muscles are separated in the mid-
line from the sternal notch to the thyroid cartilage (Fig. 18.8),
exposing the anterior surface of thyroid lobes. Sternohyoid
and sternothyroid muscles are usually sectioned transversely
in large goiters (Fig. 18.9); this will not create postoperative
functional consequences.

The smaller thyroid lobe can sometimes be left in situ,
and a unilateral thyroid lobectomy can be sufficient in many
cases of large SG in elderly patients with clearly asymmetric
goiters. In case of bilateral SG or when total or near-total
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Fig. 18.6 Superior subplatysmal flap raised to the thyroid cartilage

Fig. 18.7 Inferior subplatysmal flap dissected till the sternal notch

Fig. 18.8 Longitudinal separation of strap muscles in the midline from the sternal notch to the thyroid cartilage
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Fig. 18.9 Transverse section of the sternohyoid and sternothyroid muscles

Fig. 18.10 Dissection and isolation of the vagal nerve

thyroidectomy is necessary, we suggest to begin with the
larger side first to be able to interrupt the surgery after the
first side in case of RLN neuromonitoring signal loss [12].
However, in some situations, it can be helpful to begin with
the smaller side to have easier access to the larger side; this
will depend upon surgeons’ preferences.

The middle thyroid veins are ligated, the lobe is lateral-
ized and the carotid sheath is then dissected, the vagal nerve
is identified, and the neuromonitoring signal is tested on it.
The vagal nerve is then gently dissected and isolated
(Fig. 18.10), and a continuous EMG neuromonitoring elec-
trode is positioned on it (Fig. 18.11). This will allow a con-
tinuous monitoring of the EMG signal to recognize
reductions in the amplitude (and increased latencies) of the
neuromonitoring signal caused by the stretching or traction

of the RLN, which could lead to temporary or definitive
RLN Iesions.

The position of the orotracheal tube can be optimized
with the collaboration of the anesthesia team to have an
amplitude of the neuromonitoring signal of at least 500 mV
(Fig. 18.12).

Thyroid Isthmus Division

The thyroid isthmus is then exposed, and the arborizing
venous network on the superior and inferior parts of the isth-
mus is ligated to expose the avascular plane at the midline of
the deviated trachea posteriorly to the isthmus. If possible,
the isthmus is then dissected with a clamp beneath the gland
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Fig. 18.11 Continuous EMG neuromonitoring electrode positioning on the vagal nerve
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Fig. 18.12 Screenshot of continuous neuromonitoring showing the amplitude and latency values of the RLN

and divided with electrocautery or a vessel sealer (e.g.,
LigaSure, Harmonic scalpel). The division of the isthmus
greatly facilitates the mobilization of the goiter and gives
clear anatomical landmarks (at this stage, the carotid artery
and trachea are clearly dissected free) (Fig. 18.13).

Superior Pole Ligation

The superior pole of the thyroid is then exposed with the identi-
fication and preservation of the external branch of the superior
laryngeal nerve. With a gentle lateral retraction of the upper por-
tion of the thyroid gland with Babcock forceps, superior thyroid
vessels are isolated, divided, and ligated (Fig. 18.14) immedi-
ately adjacent to the thyroid (to avoid injury to the external
branch of the superior laryngeal nerve). The superior parathy-

roid gland is frequently identified on the posterior surface of the
upper pole and should be preserved blood supply.

Medial Dissection with “Toboggan” Technique

After dissection of the anterior and lateral surfaces of the
goiter and after the section of the superior vessels, instead of
medializing the thyroid lobe, the superior pole is moved
aside laterally and dissection is started at the level of Berry’s
ligament.

At this point, the gland becomes more mobile, improving
the exposure of the medial laryngo-thyroid space allowing
for the search of the recurrent laryngeal nerve at its entry
point into the larynx (Fig. 18.15) close to the inferior horn of
the thyroid cartilage. Intermittent neuromonitoring can be
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Fig. 18.13 Section of the isthmus with a Harmonic vessel sealer

Fig. 18.14 Isolation, ligation, and section of upper pole vessels

Fig. 18.15 Search of the recurrent laryngeal nerve at its entry point into the larynx with neuromonitoring probe
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Fig. 18.16 (a) lateralization of the upper part of the thyroid lobe and search of the nerve, (b) dissection continues progressively in the prenervous
plane in caudal direction between the nerve and the posterior part of the thyroid gland, descending as on a toboggan

used to help search for the RLN in this vessel-rich area. Once
the nerve is identified, the dissection continues progressively
in the prenervous plane in a caudal direction between the
nerve and the posterior part of the thyroid gland, descending
as on a “Toboggan” (slide) (Fig. 18.16).

The dissection of the first centimeter is sometimes labo-
rious due to the presence of a lot of small vessels in this
sometimes dense area (“ligament” of Berry), but once the
dissection is well engaged, it is quite easy to pursue it as
low as possible. Besides controlling the nerve, this maneu-
ver will also allow the identification of the superior para-
thyroid gland (Fig. 18.17). The localization of the
parathyroid gland can be facilitated with the use of novel
fluorescence probes able to detect parathyroid autofluores-
cence (Fig. 18.18) [13, 14].

A finger or retractor is placed in the cervicothoracic space
following the dissection of the posterior part of the lobe to
control the location of the nerve and to progressively free the
surrounding adhesions. When the Berry ligament and most
of the middle thyroid lobe adhesions are liberated, the thy-
roid lobe can be progressively mobilized and exteriorized
without traction on the RLN (Figs. 18.19 and 18.20).

Fig. 18.17 Identification of the superior parathyroid gland with the
RLN progressively dissected

If exteriorization seems still difficult, a longitudinal cau-
dal extension of the skin incision on the midline until the
sternal notch can be performed (a T-shape incision) to allow
the exteriorization of the goiter. The subcutaneous plane is
dissected, the platysma muscle is opened, and multiple
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prominent anterior jugular branches are controlled and
ligated (Fig. 18.21).

With gentle traction on the thyroid lobe, the substernal part
of the goiter can be progressively exteriorized, and the sur-
rounding adhesions become progressively less tight and can
be gradually controlled. During the entire intervention, but
mostly in this phase, it is of paramount importance to reduce
traction in case of reduction of the amplitude of continuous
neuromonitoring signal to avoid traction lesions on the RLN.

When the entire lobe is extracted, an accurate search of
the inferior parathyroid gland on the posterolateral sur-

face of the thyroid lobe should be performed to avoid inci-
dental parathyroid resection (Fig. 18.22). In case of an
inadvertent resection or devascularization of a parathy-
roid gland, this one should be fragmented and autotrans-
planted in the sternocleidomastoid muscle at the end of
the procedure.

After the complete resection of the first lobe and in
absence of signal loss, the contralateral side can be removed
in an identical way, with the benefit of creating more room
for mobilization and exposition.

Fig. 18.18 Localization of the parathyroid gland can be facilitated by using novel fluorescence probes that are able to detect parathyroid autofluo-
rescence and confirm the localization of parathyroid gland (arrow in black and white images)

Fig. 18.19 Most of the middle thyroid lobe adhesions forming Berry’s ligament are freed; the thyroid lobe can be progressively mobilized and

exteriorized without traction on the RLN
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Fig. 18.20 Section of the inferior adhesions after exteriorization of the thyroid lobe

Fig. 18.21 T-shape midline longitudinal skin incision to allow better exteriorization of the goiter

In case of loss of RLN neuromonitoring signal at the
stimulation of the vagal nerve at the end of the first side, a
two-stage surgical resection should be taken into consider-
ation to avoid the risk of a bilateral lesion of RLN.

In Case of Sternotomy

The operation begins routinely via a neck approach, and the
need for a thoracic extention through partial upper sternot-
omy or total sternotomy is taken intraoperatively in case of
failure in retrieving the gland (caused by adherences

between the abnormal neo-vascularized capsule of the
mass and the surrounding structures) or to minimize the
bleeding due to vascular damage. Median sternotomy is
performed by extending the vertical T-shape part of the
cutaneous incision and the section of manubrium and the
upper third of the sternum using a motorized oscillating
surgical saw.

The incision has to be median and vertical between the
sternal notch and the tip of the xiphoid process. The subcuta-
neous tissue and the underlying pectoral fascia are divided
with cautery. (Fig. 18.23).
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Fig. 18.22 Accurate search of the inferior parathyroid gland on the posterolateral surface of the thyroid lobe to avoid incidental parathyroid resec-
tion. This procedure could be facilitated by using novel fluorescence probes that are able to detect parathyroid autofluorescence

A

Fig. 18.23 To prepare for sternotomy, an incision is made between the sternal notch. The subcutaneous tissue and the underlying pectoral fascia
are divided. The tip of the xiphoid process in cauterized
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Fig. 18.24 Division of the interclavicular ligament

Fig. 18.25 Sternotomy is performed with an oscillating saw, paying attention to avoid injury to underlying structures (pleura, pericardium,
innominate vein)
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Fig. 18.26 Bleeding control with cautery of the periosteum

Fig. 18.27 Placing Finochietto retractor and progressive sternum retraction
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The interclavicular ligament has to be divided (Fig. 18.24).
Once the periosteum is reached, the midline should be iden-
tified by palpating the sternochondral junctions and the inter-
costal spaces at both sides of the sternum.

An oscillating saw is used for sternotomy, stopping the
ventilation to avoid injury to the underlying structures
(pleura, pericardium) (Fig. 18.25). The osteotomy can be
complete or limited to the manubrium and upper third of the
sternum.

Bleeding is controlled with cautery of the periosteum
and/or the use of bone wax to seal the bone marrow
(Fig. 18.26). Towels are placed around the sternal edges to
control bleeding, a Finochietto retractor is placed, and the
sternum is retracted progressively to avoid fractures to the
ribs (Fig. 18.27).

This procedure will give access to the mediastinal part of
the goiter and provide enough room to control eventual bleed-
ing and allow for the dissection of mediastinal adhesions.

At the end of the procedure, sternotomy is closed first
with 4-8 discontinuous sutures using a number 1 polyglac-
tinic acid thread with triangular needle or stainless-steel
wires passing perpendicularly through the entire thickness of
the bone. Sutures or wires are firmly tightened after proper
approximation, avoiding a too tight approximation that could
cause malperfusion of the bone that in turn could lead to
wound infection or nonunion.

Wound closure is completed by suturing the muscular and
subcutaneous planes and skin.

We strongly suggest that endocrine surgeons ask for spe-
cialized assistance to perform sternotomy, as this is key to
avoid catastrophic complications at opening (essentially
bleeding) and long-term complications at closing (essen-
tially nonunion and infections).

Closure

The insertion of a single 7-French suction drain running
through both thyroid beds and exiting laterally to the edge of
the skin incision is recommended at the end of the procedure
to avoid the accumulation of liquid and blood in the remain-
ing large mediastinal cavity.

Sternohyoid and sternothyroid muscles are reapproximated
longitudinally with 3-0 Vicryl sutures. The strap muscles are
then sutured in the midline with interrupted 3-0 Vicryl suture.
The platysma is reapproximated with interrupted 3-0 Vicryl

suture, and the skin is closed with a running 4-0 subcuticular
Prolene suture without knots and Steri-Strips are applied with
a loose bandage (Video 18.1).
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