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Robotics in Surgery

Moran Amit, Shorook Na’ara, and Ziv Gil

1.1	 �Introduction

Over the last two decades, robotic-assisted sur-
gery has revolutionized minimally invasive sur-
gery in multiple surgical specialties. The first 
robotic surgery system, the PUMA 560, was 
developed in 1985 to provide greater precision in 
performing image-guided intracranial biopsies. 
Further refinement in the early 1990s led to 
ROBODOC, which was the first robotic system 
to receive FDA approval for arthroscopic hip sur-
gery in 1994 [1]. Interest in medical robots led to 
collaborative efforts between the National 
Aeronautics and Space Administration (NASA) 
and Stanford Research Institute (SRI) in the early 
1980s, to develop telepresence surgery, the vir-
tual placement of a remotely located surgeon in 
the operative field.

Experience with minimally invasive laparo-
scopic procedures has helped surgeons under-
stand the limitations of rigid equipment and 

two-dimensional views. This has resulted in the 
development of semirigid robotic equipment 
with three-dimensional views for the operative 
setting. Combining these tools with telepresence 
surgery led to the development of the Automated 
Endoscopic System for Optimal Positioning 
(AESOP), a robotic arm (controlled by a sur-
geon’s voice commands) that manipulates an 
endoscopic camera [2]. The first robotic system 
that enabled surgery over a large distance con-
sisted of two separate subsystems, i.e., “surgeon-
side” and “patient-side” (ZEUS, Computer 
Motion, California). The operator site was 
located in New York and the animals were in 
Strasbourg. The two sites were connected 
through a high-speed terrestrial optical-fiber net-
work that transports data through dedicated con-
nections using asynchronous transfer mode 
(ATM) technology [3].

Shortly thereafter, Intuitive Systems 
(Sunnyvale, CA) released the SRI Telepresence 
Surgery System that was recently updated to the 
current da Vinci Surgical System, the most com-
mon robotic system in use today [4].

In short, the current da Vinci system functions 
as a master-slave robot, with the surgeon manipu-
lating instruments connected by a cable network 
to the robotic cart. The system comprises three 
arms (one for the 12 mm 0° or 30° camera and two 
accommodate 8 mm and 5 mm instruments). The 
camera not only enables magnification but also 
three-dimensional viewing of the surgical field. 
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Robot-assisted surgery enables excellent visual-
ization and the capacity to manipulate and resect 
tumors due to the six degrees of freedom offered 
by the robotic arms and by the camera.

1.2	 �Applications in Fields Other 
Than Otolaryngology

Robot-assisted surgery is currently utilized in 
almost every surgical field. In general surgery, 
there is an abundance of reports on its use in cho-
lecystectomy, Heller myotomy, Nissen fundopli-
cation, bowel resection with reanastomosis, 
splenectomy, and Whipple and hepatobiliary sur-
gery [5]. These reports endorse the benefits of 
stable visualization and improved dexterity of the 
robotic arms with suturing and dissection. 
Cardiothoracic surgeons used robotic surgery 
first in 1998 to perform coronary revasculariza-
tion procedures and mitral valve replacements 
[6]. Numerous additional case series have since 
been published, describing esophagectomy, lung 
resection, tumor resections, atrial fibrillation 
ablations, and congenital cardiac anomalies. 
Results have been encouraging, with evidence 
demonstrating fewer blood transfusions, shorter 
hospital stays, faster returns to preoperative func-
tion levels, and improved quality of life com-
pared to patient series of sternotomy [7]. Multiple 
pediatric surgery robotic-assisted procedures 
include tracheoesophageal fistula repair, chole-
cystectomy, Nissen fundoplication, Morgagni’s 
hernia repair, Kasai portoenterostomy, and con-
genital diaphragmatic hernia repair.

Gynecologists utilize robotic surgery in hys-
terectomies, myomectomies, and tubal reanasto-
moses and achieve similarly positive results as in 
laparoscopic and open procedures. However, a 
recent Cochrane review showed an uncertain 
benefit for robotic surgery in gynecology because 
it is unclear if it affects rates of complications [8]. 
Oncologic outcomes were similar to laparoscopic 
and open methods. The setup time for both 
exposure and docking of the robotic arms is lon-
ger with robot-assisted surgery but may be asso-
ciated with a shorter hospital stay following 

hysterectomy. In addition, gynecologic surgeons 
observed another major disadvantage; the lack of 
haptic feedback, which is a virtual tactile feed-
back technology that provides mechanical feed-
back to the surgeon. Currently, in the United 
States, robotic-assisted hysterectomy is mainly 
used for benign conditions and has been shown to 
be more expensive than conventional laparo-
scopic hysterectomy, with no difference in over-
all rates of complications [9].

The development of robotic technology has 
paved the way for the performance of highly 
complex procedures such as transplant surgery, 
in a minimally invasive fashion. The first fully 
robotic kidney transplantations were performed 
in the late 2000s. The use of the robotic-assisted 
approach has enabled transplantation of kidneys 
with minimal complications and has significantly 
shortened the recovery period. This has made 
possible kidney transplantation in obese patients, 
who were frequently denied access to 
transplantation.

The field of urologic surgery has perhaps 
seen the greatest incorporation of robotic sur-
gery: To date, more than two-thirds of prostatec-
tomies are performed with robotic assistance 
[10]. Positive margin status and PSA levels 
achieved by the robotic technique are compara-
ble to those achieved by open procedures [11]. 
However, surgeons noted significantly lower 
blood loss and transfusion rates, less pain, and 
shorter hospital stays for robotic techniques 
than open prostatectomies; erectile and urinary 
functional outcomes were found to be equiva-
lent among open, laparoscopic, and robotic 
prostatectomies [12].

1.3	 �Evolution of Robotic 
Applications 
in Otolaryngology

The first TORS procedure was reported in 
Washington by McLeod et al. only a little more 
than one decade ago [13]. Since then, surgeons 
have laid infrastructure for its use, and it has been 
successfully incorporated into routine practice in 

M. Amit et al.
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the field of otolaryngology. Incorporation of 
robotic-assisted surgery in otolaryngology can be 
attributed to three main driving forces: (1) tech-
nological advancements that improved visualiza-
tion and instrumentation, (2) fast learning curve, 
and (3) better understanding of head and neck 
cancer biology while exploring organ conserva-
tion treatment protocols.

Traditionally, surgical removal of oropharyn-
geal cancer required mandibulotomy with or 
without free flap reconstruction in most cases. 
Unfortunately, this approach results in signifi-
cant morbidity. Mandibulotomy patients often 
require tracheotomies and feeding tubes. In 
addition, postoperative recovery, including 
rehabilitation, might further be slowed by adju-
vant chemotherapy and/or radiation [14]. The 
pendulum started to shift in the late 1980s when 
multiple institutions investigated alternative 
treatment protocols based on organ preserva-
tion. The VA trial and RTOG 91-11 showed that 
survival rates following chemotherapy and radi-
ation protocols were equivalent to those for 
patients who underwent surgery followed by 
radiation. By preserving the functional laryngo-
pharyngeal complex, these protocols became 
the standard of care in the treatment of squa-
mous cell carcinoma of the larynx [15, 16]. 
Alongside the highly conformal radiation deliv-
ery techniques (e.g., IMRT), molecular targeted 
therapies (e.g., cetuximab) were successfully 
introduced and represent an evolutionary 
advancement in head and neck cancer manage-
ment. Nonetheless, survival and quality of life 
are still poor for some patients [17].

Over the last decade, we encountered an 
increase in oropharyngeal squamous cell carci-
noma (OPSCC) caused by the human papilloma 
virus (HPV). HPV was recognized as a powerful 
prognostic biomarker for responsiveness to 
radiotherapy; however, HPV-positive patients 
tend to be younger, and thus the potential is 
greater for long-term sequelae from radiation, 
such as radiation-induced malignancy [18]. The 
development of successful minimally invasive 
surgical techniques has assisted in achieving 
sound oncological resection with local control 

and possibly sparing patients from undergoing 
concurrent chemoradiation.

First attempts to control OPSCC with mini-
mally invasive techniques in the modern radio-
therapy era used transoral laser microsurgery 
(TLM). While no randomized trials have com-
pared surgery and radiation, small series from 
various institutions have shown success at 
achieving local control by using TLM as the 
primary modality for OPSCC [19]. However, 
rigid narrow field exposure through laryngo-
scopes is very limited and challenging to 
maneuver within the complex anatomy of the 
oropharynx.

Robotic surgery overcomes some of these lim-
itations and provides a unique advantage by 
introducing angled optics and instrumentation 
with multiple degrees of rotation, which allows 
access to the entire upper aerodigestive tract sur-
face. In addition, superior optics enable a precise 
three-dimensional assessment of resection mar-
gins, less collateral tissue damage, and an excel-
lent view of the surgical bed.

1.4	 �Feasibility

Robotic-assisted salivary gland excision and 
neck dissection in a porcine model were the first 
applications of robotics in otolaryngology, as 
documented at Stanford University in 2003 [20]. 
Among the advantages claimed were the elimina-
tion of hand tremor and superior visualization 
without tactile sensation. Next, Hockstein and 
O’Malley reported gaining wide access to the 
laryngopharynx using mouth gag retractors in an 
airway mannequin and cadaver [21]. Later, 
Weinstein performed a supraglottic laryngec-
tomy in a canine model [21]. The authors reported 
increased exposure with the mouth gag, yielding 
adjustable visualization of the larynx [22]. The 
final step before attempts on live human surgery 
was the technological increment achieved by 
coupling of 5-mm instruments and other mouth 
retractors to the robotic system at Cleveland 
Clinic by Solares [23]. The latter incorporated 
the CO2 laser with the robotic arm for robotic-

1  Robotics in Surgery
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assisted supraglottic laryngectomy and demon-
strated the importance of evaluating variable 
patient factors such as oral opening and neck 
extension.

Weinstein and O’Malley first reported the 
efficacy of robotic-assisted head and neck sur-
gery. They described a series of patients with 
early-stage, base of tongue squamous cell car-
cinomas who underwent complete en bloc 
resection of their tumors with negative mar-
gins. No immediate complications were noted, 
and patients were able to return to a full diet 
within 6 weeks of surgery [24]. With the feasi-
bility of TORS established in OPSCC, institu-
tions have begun recruiting patients for clinical 
trials such as ECOG3311 and RTOG1221 to 

assess treatment de-escalation of HPV+ patients 
with surgery and surgical intensification of 
treatment in HPV patients. Currently, robotic-
assisted surgery has a wide range of applica-
tions in otorhinolaryngology. These include 
transoral surgery for sleep disorders, malignant 
and benign tumor resection from the upper 
aerodigestive tract, and skull base surgery. In 
addition, various approaches have been uti-
lized for neck surgery, i.e., the transaxillary 
approach for thyroid and parathyroid surgery, 
and the retroauricular approach for neck dis-
section, congenital lesion resection, and sali-
vary gland surgery. Table 1.1 summarizes 
published applications of robotic-assisted sur-
gery in otorhinolaryngology.

Table 1.1.  Published applications of robotic-assisted surgery in otorhinolaryngology

Approach Site Pathology
Number of 
published cases References

TORS Oral cavity Malignancies 8 [25–27]

Oropharynx: base of 
tongue and tonsils

Malignancies 1,337 [24–36]

Benign lesions 19 [13, 37–39]

OSA 726 [40–50]

Hypopharynx Malignancies 21 [26, 27, 51–53]

Larynx: supraglottis 
and glottis

Malignancies 63 [23, 25–27, 34, 
51, 54–56]

Congenital 
malformations and 
benign lesions

6 [57, 58]

Parapharyngeal space Benign and 
malignant tumors

45 [59–67]

Transaxillary approach Thyroid PTC and benign 
nodules

2,074 [68–79]

Parathyroid Parathyroid 
adenoma and 
hyperplasia

15 [78–81]

Thoracoscopic approach Mediastinal parathyroid Parathyroid 
adenoma and 
hyperplasia

10 [82–87]

Retroauricular/postauricular 
approach

Thyroid PTC 4 [88]

Neck dissection 19 [27, 89]

Branchial cleft cyst 3 [90]

Submandibular gland 13 [91]

TGDC 1 [92]

Modified facelift Neck dissection 44 [27, 93]

TORS transoral robotic surgery, OSA obstructive sleep apnea, PTC papillary thyroid carcinoma, TGDC thyroglossal 
duct cyst

M. Amit et al.
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1.5	 �Oncologic and Functional 
Outcomes

The effectiveness of a therapeutic modality 
appears to be strongly inversely related to the 
number of clinical trials that investigate the 
modality. While most head and neck cancers are 
surgically treated, only few clinical trials isolate 
any given surgical question.

Long-term survival outcomes of TORS are not 
currently available. Still, several institutions have 
published promising small cohort short-term 
data. A phase I study of 27 patients with early-
stage tonsillar squamous cell carcinoma undergo-
ing TORS revealed a 92 % negative margin rate. 
Population-based analysis revealed that TORS is 
associated with a lower rate of positive margins 
than non-robotic surgery and that high-volume 
centers have the lowest rates of positive margins 
and unplanned readmissions [28]. After achiev-
ing resection with negative margins, adjuvant 
treatment may be administered. However, even if 
the patient requires adjuvant therapy, the toxicity 
from the lower dose of radiation, with possible 
sparing of concurrent chemoradiation, tends to be 
significantly less following adequate robotic sur-
gery and to result in better functional outcomes 
[94]. In addition, most patients do not need a tra-
cheotomy or extended hospitalization.

From a functional standpoint, many clinical 
studies have shown improved post-TORS swal-
lowing function compared with other surgical 
modalities and compared with primary chemora-
diation therapy, along with shorter hospital stay 
and faster recovery, as well as a more efficient 
return to work after completion of therapy [29]. 
Most patients after TORS for OPSCC maintain 
full oral feeding and eventually acceptable to 
normal physiological swallowing. In a negligible 
minority of patients, elective temporary trache-
otomy (1–2 weeks) is performed at the discretion 
of the surgeon, based on the estimated risk of 
postoperative upper airway obstruction due to 
mucosal swelling and the risk of postoperative 
bleeding. Faster recovery means that adjuvant 
therapy, if indicated, may start sooner, which 
improves locoregional control [30, 31].

Favorable oncological and functional out-
comes of TORS, which permit resection of the 
tumor en bloc while preserving patients’ swal-
lowing ability, led the FDA to approve, in 
December 2009, TORS for use in selected benign 
and malignant tumors of the head and neck. 
Using TORS, a mandibulotomy and/or pharyn-
gotomy is avoided. As evidence accumulates 
regarding survival implications of HPV status in 
patients undergoing primary surgical therapy, 
TORS may play a significant role in the applica-
tion of surgery to escalate or de-escalate first-line 
treatment for select patients with OPSCC.

1.6	 �Cost

High costs are a significant concern and a poten-
tial disadvantage of the implementation of a 
robotic program solely for TORS. With an initial 
cost of 1.5 million US dollars and annual mainte-
nance fees of 100,000 US dollars, most programs 
rely on sharing the robotic facility with other 
departments. Disposable equipment such as 
graspers, cautery arms, and other surgical instru-
ments total approximately 200 dollars per case. A 
nationwide cross-sectional analysis of more than 
9,000 patients showed that after controlling for 
all other variables, TORS patients had lower rates 
of gastrostomy tube placement and tracheotomy 
tube placement, shorter length of hospitalization 
(mean, −1.5  days), and lower hospital-related 
costs (mean, −$4,285) [95].

1.7	 �Training

Naturally, as the popularity of robotic surgery is 
growing, practitioners are seeking training and 
certification in this area. The pitfall of such 
market-driven health care is the possibility that 
adverse outcomes may decrease positive results 
of surgery when less-experienced surgeons per-
form oncologic resections simply because TORS 
is a new and marketable procedure [96]. Intuitive 
surgical provides a training curriculum on their 
website, which includes didactic lectures on the 

1  Robotics in Surgery



6

da Vinci console, cadaver dissections, and live 
case observation. Nearly 1,500 surgical clips of 
TORS can be viewed on YouTube, and 
representatives for the company provide surgeon 
tutoring during practitioners’ initial procedures.

Robust outcomes data are not yet available, 
but potentially, robot-assisted surgery will 
become a standardized integral part of treatment 
protocols such as the National Comprehensive 
Cancer Network (NCCN). Once integrated, the 
implementation of a standardized curriculum for 
robotic surgery into residency and fellowship 
education will be vital. Current data indicate that 
the performance of simple tasks such as grasping 
inanimate objects and suturing on latex is highly 
intuitive, and introducing residents to basic 
robotic surgical skills eases their transition to live 
patient cases [97]. As a result, many training pro-
grams now provide cadaver dissection courses 
using the robot as part of their training. Training 
is discussed in more depth in Chapter 4.

1.8	 �Future Directions

To date, available data on head and neck robotic 
surgery, mainly TORS, indicate that it is a safe effi-
cacious procedure for benign conditions such as 
obstructive sleep apnea. As stated, current efforts 
are being directed to implement TORS in oncology 
treatment protocols. Attempts are also being made 
to extend the applications of robot-assisted surgery 
and to use TORS in innovative ways and in other 
areas in the head and neck. An example is the field 
of skull base surgery, which requires precise 
motions with a steady hand. Surgeons have illus-
trated an approach to the midline and anterior skull 
base using two trocars inserted transcervically and 
placing the camera head in the oral cavity [98]. 
Anterior skull base and sella were accessed and 
dissected via bilateral Caldwell Luc incisions and 
maxillary antrostomies [99].

Robotic-assisted surgery is also being uti-
lized in reconstructive surgery [100]. 
Microvascular anastomosis in narrow and deep 

spaces such as the oropharynx has been shown 
to be fast and effective, in a tremor-free man-
ner. TORS free flap oropharyngeal reconstruc-
tion provides improved functional recovery 
and avoids the need for long-term healing by 
secondary intention of the oropharyngeal 
defect.

As current instrumentation is bulky, rigid, and 
passive, access is limited to narrow 3D complex 
spaces such as the larynx and skull base. 
Approaches to such areas will become possible 
as finer analytical instrumentation such as flexi-
ble lasers and Doppler probes will emerge. To 
overcome some of these obstacles, a flexible 
nonlinear robot was designed based on the expe-
rience gained by the use of the da Vinci system. 
This robot was further customized and trans-
formed into the Medrobotics(®) Flex(®) System 
(Medrobotics Corp., Raynham, MA, USA), 
which was developed specifically for use in sur-
gical applications requiring nonlinear maneuver-
ability such as transoral surgery. The 
Medrobotics® Flex(®) System is an operator-
controlled flexible endoscope system that 
includes rigid chip-on-tip endoscope and 
computer-assisted controllers, with two external 
channels for use with compatible, 3.5 mm flexi-
ble instruments. In 2015, the FDA approved the 
use of the Flex System for transoral resections of 
head and neck tumors.

�Conclusion

Head and neck applications of robotic surgery 
are an evolutionary increment in surgical 
capabilities. While robotic-assisted head and 
neck surgery confers significant advantages, 
its limitations should be acknowledged. 
Patients can benefit from en bloc removal of 
their tumors via minimally invasive surgery 
without a cervical incision while preserving 
function and potentially avoiding adjuvant 
radiation and long-term sequelae. While 
long-term oncologic and functional data are 
needed to fully validate its use, early results 
are promising.
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Robotic Instrumentation, 
Personnel, and Operating  
Room Setup

Ryan Goepfert and Michael Kupferman

2.1	 �Introduction

Robotic-assisted surgery (RAS) is becoming an 
increasingly important tool for certain diseases 
treated by the otolaryngologist and head and 
neck surgeon. As RAS expertise evolves and its 
use increases, many studies are underway to 
evaluate RAS as a replacement or alternative to 
established surgical techniques known to be 
invasive, potentially disfiguring, and sometimes 
devastating in terms of functional morbidity. 
Transoral robotic surgery (TORS) is the prime 
example of evolution within this surgical field 
for the management of primary or recurrent 
benign and malignant lesions of the pharynx and 
larynx, in particular the oropharynx and supra-
glottic larynx [1–4]. RAS has been rapidly inte-
grated into the field due to a number factors, 
including (1) less morbid surgical access, (2) 
improved visualization, and (3) enhanced surgi-
cal precision in confined anatomic spaces [5–8]. 
It has also been championed for its cosmetic 
appeal, which allows for the avoidance of a con-
spicuous incision, such as for transaxillary thy-
roidectomy/parathyroidectomy or retroauricular 
neck dissection [9–11]. Moreover, RAS has been 
described for use in free tissue reconstruction as 
well as in the surgical management of sleep 

apnea [12–14]. The focus of this chapter is to 
provide general guidelines for operating room 
setup and communication, surgical instrumenta-
tion and equipment, and the necessary expertise 
of surgical personnel.

2.2	 �Robotic Devices

Two robotic devices are currently FDA approved 
for use in otolaryngology-head and neck surgery, 
namely, the da Vinci Standard, S®, and Si® Surgical 
Systems made by Intuitive Surgical Inc. 
(Sunnyvale, CA) and the Flex® Robotic System 
made by Medrobotics Corporation (Raynham, 
MA), which received FDA approval in July 2015. 
Due to the novelty of and lack of experience with 
the Flex® System by these authors, the main focus 
of this chapter will be the da Vinci Si® robot though 
many principles of setup, communication, and 
personnel remain applicable between systems.

The da Vinci Surgical System functions as a 
traditional master-slave arrangement, consisting 
of three main components: surgeon console, 
patient-side cart, and vision system.

The surgeon console (“master”) allows the 
primary surgeon an ergonomically adjustable 
seat with a binocular, three-dimensional view of 
the surgical field. The surgeon controls the 
robotic instruments through bimanual thumb 
and index or middle finger controls while pre-
serving traditional hand-eye surgical position-
ing. One important difference between the 
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Standard/S® and Si® models is the capability to 
use a secondary console, thus allowing for par-
ticipation of a co-surgeon or, more importantly, 
for direct supervision of a surgical trainee by the 
primary surgeon while preserving three-dimen-
sional observation and immediate control of the 
instrumentation.

The patient-side cart (i.e., robotic arms, 
“slave”) contains the four robotic arms that 
house the endoscopic camera and three potential 
instruments. Primarily given space limitations, 
TORS generally uses only two of these instru-
ments at one time in addition to the camera. 
Specifics on cameras and instruments are dis-
cussed below.

The vision system contains the image process-
ing equipment as well as a high-definition moni-
tor for use by the surgical technician and bedside 

surgical assistant, which has touch-screen nota-
tion capabilities. Also housed within the vision 
system are the cautery generator and insufflation 
equipment, if needed.

The Flex® Robotic System employs a flexible 
endoscopic camera along with two ports for flex-
ible instruments that are controlled in a manner 
analogous to transnasal endoscopic surgery. The 
main difference and purported advantage of this 
system is its flexibility, thereby providing 
enhanced exposure to deeper areas of the phar-
ynx and larynx that may be more challenging to 
access with the current da Vinci system or with 
traditional rigid instrumentation [15, 16]. 
Though this system is promising, it is fledgling 
by comparison, and additional studies are needed 
to elucidate its specific use and applicability 
within the field.
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2.3	 �Operating Room 
Arrangement and Robotic 
Surgery Personnel

RAS represents a fundamentally different coordi-
nation of care among members of the surgical 
team given distinct instrumentation, a unique 
technological interface between patient and sur-
geon, and remote communication/interaction 
between primary surgeon, surgical assistant and 
technician, and the anesthesiologist. Arrangement 
of the components of the surgical system and 
characteristics of personnel will vary according 
to the operating room orientation and space, 
though the following describes some ideal char-
acteristics and arrangement (Fig. 2.1). All per-
sonnel should be familiar with the surgical 
equipment, setup, and basic troubleshooting to 
facilitate safe and efficient RAS. Hospitals typi-
cally require operating room staff and surgical 
providers involved with these procedures to com-
plete robotic training commensurate with their 
position and responsibilities.

With the surgical bed in a central location, the 
anesthesiologist and anesthesia cart are at the 
foot of the patient. Similar to other surgical pro-
cedures involving the upper aerodigestive tract, 
the anesthesiologist plays a pivotal role and 
communication about anticipated challenges 
and/or relevant pathology. The anesthetic team 
should be facile with transnasal intubation and 

use of laser-safe endotracheal tubes, if needed. 
The patient-side cart can be positioned on the 
right or left side of the patient with the leg of the 
cart forming an approximate 30-degree angle 
with the surgical bed. Opposite the patient-side 
cart are the surgical technician, instrument 
table(s), and vision system. The circulating nurse 
should have easy access to surgical technician, 
instruments, and vision system. The surgical 
assistant sits at the head of the bed, should have 
an ergonomic view of the vision system monitor, 
and should be positioned to facilitate communi-
cation with the primary surgeon and transfer of 
instruments with the surgical technician. The 
primary role of the bedside surgical assistant is 
to ensure optimum surgical visibility through 
suctioning of smoke and/or blood, providing 
additional soft tissue retraction, and occasionally 
through application of external hyoid pressure. 
This assistant should be facile with the place-
ment of vascular clips and also must have endo-
scopic skills as they are working from a monitor 
rather than by direct visualization. Lastly, the 
surgeon console should be located near the sur-
gical assistant if operating room orientation/
space allows since this provides immediate 
access to the patient by the primary surgeon and 
facilitates two-way communication (though a 
microphone on the surgeon console connects to a 
speaker on the patient-side cart for surgeon to 
assistant verbal communication).

2  Robotic Instrumentation, Personnel, and Operating Room Setup
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Trans-Oral Robotic Surgery
Operating Room Arrangement
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surgical
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Fig. 2.1  Diagram of TORS operating room arrangement
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2.4	 �Patient Positioning 
and Exposure

The patient is positioned supine and the bed is 
rotated 180° from the anesthesia cart. Surgical 
beds not equipped with the ability to slide in rela-
tion to their base should be reversed to allow 
space for the legs of the patient-side cart as well 
as those of the surgical assistant. Nasotracheal 
intubation through the contralateral nostril in rela-
tion to the surgical site minimizes interference of 
the endotracheal tube with the procedure. 
Induction and intubation may be completed after 
bed rotation for improved efficiency, though this 
must be carefully considered in the context of 
patient safety, in collaboration with the anesthesi-
ologist. Wire-reinforced endotracheal tubes can 
help guard against compression with oral intuba-
tion though must be used cautiously since col-
lapse of these tubes results in luminal narrowing 
that can only be ameliorated through tube replace-
ment. The endotracheal tube should be secured 
with tape or via circumdental or nasoseptal sutur-
ing. The eyes should be protected with plastic 
shields or with tape and moist gauze as part of 
standard laser precautions. Careful wrapping of 
the patient’s head with surgical towels and foam 
padding can further secure the endotracheal tube 
and protect the patient’s eyes and face. If an open 
neck procedure is planned, the ventilator circuitry 
should be routed in such a way as to avoid need 
for subsequent additional positioning or setup.

For RAS of the upper aerodigestive tract, 
direct laryngoscopy may be performed after 
intubation to characterize anatomy of interest as 
well as specifics of exposure. A synthetic tooth 
guard should be placed to protect the upper den-
tition, or a moist gauze in the case of an edentu-
lous patient. To assist with manipulation of the 
base of tongue during placement of the mouth 
gag and to maximize exposure, a nonabsorbable 

suture (commonly 2-0 silk) is placed through-
and-through the central anterior tongue and tied 
with an air knot to prevent strangulation. More 
than one pass of the suture may be completed to 
minimize the chance of “cheese-wiring” the 
anterior tongue with traction. For superior 
lesions and depending on placement of the endo-
tracheal tube, a red rubber catheter may be 
placed through the nose and out the mouth for 
soft palate retraction. With regard to additional 
patient positioning to maximize exposure, a 
shoulder roll or flexion of the head of bed may 
be beneficial.

Several different retractors have been devel-
oped for exposure of the oropharynx, supra-
glottis, hypopharynx, and glottic larynx (see 
Chap. 6 in this book). The Crowe-Davis and 
Dingman mouth gags provide suitable access to 
the upper oropharynx including the tonsils and 
soft palate. The Crowe-Davis is perhaps the 
oldest and simplest of these devices, commonly 
being used in non-robotic tonsillectomy. The 
Dingman mouth gag is similar though it 
includes the ability to laterally retract the 
patient’s lips. For lesions in the base of tongue 
and beyond the FK (Feyh-Kastenbauer), retrac-
tor employs longer tongue blades of different 
lengths and shapes and allows for additional 
degrees of manipulation of the extension and 
angulation of the blade (Fig. 2.2). The Flex® 
retractor is a more recently developed system 
that combines several advantages of each to 
achieve great versatility. A surgical headlight is 
helpful during placement of the retractor. 
Suspension of the retractor should ideally be 
accomplished through a support directly 
attached to the surgical bed as opposed to the 
patient’s chest or a Mayo stand. This, combined 
with lowering the surgical bed, minimizes the 
chance of collision or interference between the 
retraction apparatus and the patient-side cart.

2  Robotic Instrumentation, Personnel, and Operating Room Setup
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Fig. 2.2  Obtaining initial operative exposure of right 
oropharynx using the Feyh-Kastenbauer (FK) retrac-
tor. Note contralateral nasotracheal intubation and 
ventilator circuitry, silk tongue suture, tooth guard, eye 
protection, and head wrap
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2.5	 �Robotic and Surgical 
Assistant Instrumentation

Once the mouth gag is engaged, the surgical 
team should take note of the time as portions of 
the tongue are now ischemic from retraction. 
Using the da Vinci system, the 12  mm endo-
scopic camera is used for TORS, specifically the 
0-degree camera for the soft palate and palatine 
tonsils and the 30-degree camera for the lower 
pharynx and larynx. The camera is placed in the 
central position at a depth that allows adequate 
visualization but ensures maneuverability of the 
laterally placed instruments. The da Vinci 
Surgical Systems employ EndoWrist® instru-
ments that feature seven degrees of freedom and 
90 degrees of articulation as well as motion scal-
ing and tremor reduction. The two most com-
monly used instruments in TORS are the 5 mm 
permanent (monopolar) cautery spatula and the 
5 mm Maryland dissector (Fig. 2.2). The authors 
have found the 8 mm Cadiere forceps to be par-
ticularly effective for gentle grasping and retract-
ing, with minimal tissue injury, and utilize this 
instrument for nearly all TORS (Fig. 2.2). The 
cautery should be placed ipsilateral to the area of 
dissection, while the dissector should be contra-
lateral to improve retraction and avoid crossing 
of the instrument arms (Fig. 2.3). Taken together, 
the instruments should make a V or triangular 
formation with respect to the central camera, and 

the two instrument tips should converge on the 
area of interest (Fig. 2.4). Additionally, aftermar-
ket flexible CO2 lasers are available and may be 
particularly useful for resections involving the 
supraglottis and hypopharynx (Fig. 2.5) [17–19]. 
Regardless of which instruments are chosen, 
great care must be taken during their initial 
placement so as to avoid trauma to the oral cav-
ity, dentition, and pharynx. Proper placement 
maximizes arm mobility thereby avoiding colli-
sions, making use of the full use of the robot’s 
mechanical and dexterous advantage, and help-
ing to ensure a more efficient, safer surgery. 
Once in place, robotic arms should be assessed 
for adequate maneuverability and responsive-
ness prior to mucosal incision.

After placement of the camera and instrumen-
tation, the surgical assistant should sit at the head 
of the bed, ideally in a chair with height adjust-
ability. Using a metal or plastic Yankauer suction 
and Hurd retractor, the assistant helps to optimize 
exposure. Metal Yankauer suction has the advan-
tage of a narrower diameter than the plastic ver-
sion though one must make sure the suction tip is 
securely screwed in place to avoid separation and 
the resultant foreign body situation. Nevertheless, 
the curvature of these suctions can be beneficial 
in providing additional retraction in the base of 
tongue or vallecula while concurrently evacuat-
ing smoke, blood, or secretions. Laparoscopic 
peanuts and the paddle dissector end of the Hurd 

Maryland Dissector Cadiere Forceps

Fig. 2.3  da Vinci EndoWrist® instruments, Maryland dissector (left) and Cadiere forceps (right) (©2016 Intuitive 
Surgical, Inc. Used with permission)
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Fig. 2.4  Example of da Vinci robotic arm orientation and vision cart placement. Note central camera, ipsilateral mono-
polar cautery, and contralateral forceps placement

Fig. 2.5  C02 laser using BeamPath® robotic fiber and 
FlexGuide™ fiber conduit (OmniGuide Surgical, 
Lexington, MA) (©2016 OmniGuide Surgical, Inc. Used 
with permission)

retractor may also be of assistance in retraction. 
Care must be taken using non-insulated, metal 
instruments as these have the possibility to con-
duct monopolar current to other areas in the 
patient’s oral cavity such as the lips. Use of a 
plastic double cheek retractor may be used in 
combination with specific mouth gags to guard 
against this possibility.

In addition to retraction, the surgical assistant 
must also be able to assist with hemostasis. This 
may require the placement of vascular clips pro-
phylactically on prominent branches of the lin-
gual and ascending pharyngeal arteries, or in 
response to inadvertent vessel transection. The 
22 cm Karl Storz endoscopic clip applier is very 
useful given its length and low profile though 
some advocate for use of the automatic laparo-
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scopic clip appliers. Also available in the surgi-
cal field should be a suction electrocautery and 
an extended length bipolar cautery. In the unfor-
tunate scenario where blood obscures the lens of 
the robotic camera, a deft surgical assistant, 
equipped with a headlight, Yankauer suction or 
suction cautery, tonsil sponges, and even topical 
hemostatic matrix (such as Floseal® or Surgiflo®) 
can be indispensable for obtaining hemostasis 
until reestablishment of visualization. Lastly, 
regardless of whether an open procedure in the 
neck such as vessel ligation or neck dissection is 
planned, all open surgical and tracheostomy 
instrumentation should be immediately 
available.

The above scenarios provide a detailed 
description of the instrumentation and setup for 
TORS. Additional procedures such as transaxil-
lary thyroidectomy or retroauricular neck dis-
section utilize an incision in a remote location 
with development of a soft tissue plane under 
direct visualization followed by placement of a 
self-retaining retractor to maintain the working 
space [11, 20–22]. Common retracting systems 
include the Chung and Kuppersmith retractors. 
Varying degrees of dissection may be com-
pleted under direct visualization prior to place-
ment of robotic arms. A small additional 
incision (such as the anterior chest, peri-areolar 
area, or contralateral axilla) may be used to 
accommodate another surgical arm for retrac-
tion. In contrast to development of a broad soft 
tissue plane for access, CO2 insufflation has 
also been described for visualization in the cen-
tral or lateral neck in a manner similar to the 
non-robotic, endoscopic approach [23]. Lastly, 
these procedures commonly employ extended 
harmonic advanced energy devices such as the 
23  cm Harmonic ACE®+ shears or synthetic 
vascular clips such as the Hem-o-lock® system 
for vessel ligation.

�Conclusion

Robotic surgery draws on traditional transoral 
and open surgical principles but represents a 
fundamentally different surgical approach that 
necessitates thoughtful operating room 
arrangement, algorithms for troubleshooting 
equipment and instrumentation, and effective 
communication among all members of the 
surgical team. These should be modified by 
each surgical team through their acquisition of 
robotic experience. With the continued pace 
of technological evolution in surgery, further 
refinements to TORS should be anticipated.
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Anesthetic Consideration 
for Robotic Transoral Surgery

Dana Baron Shahaf and Avi Weissman

Anesthesia for otolaryngologic and head and 
neck surgery has been described extensively in 
the anesthetic literature [1, 3, 4, 10, 15, 16, 19, 
21]. This chapter is designated to the unique 
anesthetic consideration for transoral robotic 
techniques. Many cases require a neck dissection 
to be performed before or after the TORS (see 
elsewhere in the atlas). Hence, we will include 
anesthetic considerations for neck dissection as 
these procedures are sequential.

When planning the anesthesia approach for 
transoral robotic surgery (TORS), one should be 
ready to address the pitfalls and possible compli-
cations. Complications can be a result of robotic 
use [24, 28] and can be divided into intraopera-
tive (bleeding and injury to the facial, lingual, 
and hypoglossal nerves; cranial nerves IX, X, and 
XI; and sympathetic chain) and postoperative 
(seroma formation, fascial edema, CSF leak, 
Horner's syndrome, meningitis, infections, vocal 
cord paralysis) [19, 25].

Anesthesia considerations for TORS are simi-
lar as in all other transoral interventions, such as 
tonsillectomies [5, 14, 18, 23]. Nevertheless, 
additional anesthetic considerations should be 
taken into account, the bulky structure of the 
robotic equipment and possible surgical compli-
cations. The patient is turned 180° away from the 

anesthesiologists’ workstation, and a fairly large 
device is placed in the vicinity of the patient’s 
head [28]. Once the robot has been positioned 
and engaged, the anesthesiologist is unable to 
readily access the patient. Thus, any lines, moni-
tors, and patient protective devices must be 
placed before and should be secured to ensure no 
kinking or displacement. It is impossible to allow 
changes in patients’ position or any kind of access 
to the patient if the robot is not detached first. 
Therefore, any patient management necessitates 
movement of the robot, which potentially could 
result in delay in critical treatment and might 
cause complications, especially in patients with 
comorbidity or pediatric cases (see Table 3.1) 
[34, 36, 39, 43, 44].

The surgery is done under general endotra-
cheal anesthesia with standard ASA monitoring. 
An arterial line is advised for close tracking of 
blood pressure due to close proximity to brain 
structures [35].

Neck dissection precedes the TORS.  This 
allows for a shorter operation time, decreased tis-
sue manipulation, and minimized laryngopharyn-
geal swelling [26, 27]. General anesthesia 
induction is possible with propofol (2  mg/kg), 
fentanyl (2–3 mcg/kg), and a short-acting paraly-
sis with succinylcholine 1 mg/kg to allow quick 
monitoring of the accessory nerve within 
5–7  min. After nasal airway preparation with 
topical lidocaine lubricant and a vasoconstrictor 
like phenylephrine, the patient’s trachea is intu-
bated nasally. The tube is sutured to the patient’s 
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nasal septum and reinforced with tape. Extra care 
should be taken to avoid any bleeding while intu-
bating. The eyes should be secured with safety 
goggles and the teeth protected with a molded 
dental guard. Due to limited access to the patient 
once surgery begins, the patients’ arms should be 
properly tucked along the sides. Appropriate pad-
ding should be applied to protect pressure points 
and from the relatively heavy equipment within 
and outside the drapes. It is also necessary to 
attach extensions to the arterial and intravenous 
(IV) lines for easier access to the patient. The 
intravenous fluids and infusion pumps should be 
placed at the feet, near the anesthesia monitors 
(Table 3.1) [6, 7, 26, 33, 36].

Patients who undergo major maxillofacial sur-
gery are at risk for considerable intraoperative 
bleeding. Controlled hypotensive anesthesia 
might reduce the extent of intraoperative bleed-
ing and can potentially improve the visual quality 
of the surgical field. Nevertheless, hypotension 
carries the risk of hypoperfusion to vital organs 
and is unsafe in certain patients. Thus, the reduc-
tion of blood pressure should be adjusted accord-
ing to the patient’s general condition, age, and 
coexisting diseases. Normotensive or modified 
hypotensive anesthesia should be used for 
patients with ischemic heart disease, carotid 
artery stenosis, disseminated vascular disease, 
kidney dysfunction, or severe hypertension who 
are scheduled to undergo a major maxillofacial 
operation [2].

The second stage of the surgery, the TORS, 
commences when the neck dissection is com-
pleted. At this point, patients’ immobility must 
be absolutely guaranteed by pharmacological 
paralysis. Rocuronium is usually used (con-
tinuous drip 0.3  mg/kg/h) if there are no con-
traindications. Sudden jaw closure against the 
robotic arms can occur and lead to devastating 
consequences [36, 37]. Anesthesia is usually 
maintained with sevoflurane 1 MAC, continuous 
remifentanil infusion (0.06–0.1  mcg/kg/min), 
and continuous rocuronium infusion (0.3  mg/
kg/h). We find remifentanil very useful in blunt-
ing sympathetic response during insertion of the 
mouth robotic arms and for surgical resection 
[14]. In addition, intravenous paracetamol and/or 
non steroidal anti inflamatory drugs (NSAID’s) 
should be administered if there are no contraindi-
cations [32]. A long-acting opioid can be used as 
well, guided by the patient’s risk of postoperative 
sedation and airway obstruction. All patients are 
given dexamethasone 10  mg after induction to 
minimize airway swelling in response to manipu-
lation during surgery [31]. In addition, meticu-
lous fluid management plays an important role 
in reducing edema [13]. Ondansetron is admin-
istrated for postoperative nausea and vomiting 
treatment [11].

At the end of the surgery, a decision should 
be made whether the patient is a proper candi-
date for immediate endotracheal tube extubation 
[40]. Risk factors for post-extubation upper air-
way edema may include head and neck surgery, 
high BMI, excess intraoperative fluid administra-
tion, blood products transfused, and female gen-
der [13]. Moreover, patients suffering from sleep 
apnea are at greater risk for postoperative airway 
complications; therefore, they should have close 
cardiopulmonary observation for 24  h period 
after the operation [20]. The anesthesiologist 
should ask himself a few crucial questions: What 
was the duration of the surgery? Does the patient 
suffer from facial edema? Was there a difficult 
intubation? Should we expect for late edema that 
might obstruct the airway? Was surgery at any 
proximity to the recurrent laryngeal nerve? Is 
there any expected damage to the vocal cords? If 
all these questions are negatively answered, then 

Table 3.1  Anesthesia checklist

Monitors and lines

1. �Standard ASA monitoring (pulse, ECG, ETCO2, 
NIBP)

2. Arterial line

Safety

1. IV patency

2. Eyes secured

3. Teeth protected

4. Arms tucked

5. Pressure points padded

6. No heavy equipment in contact with patient

7. �IV fluids, infusion pumps, and anesthetic machine 
are placed near patient’s feet

8. Appropriate extension to all lines
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extubation is safe. In addition as in any surgery, 
some of the other extubation criteria include; the 
ability to follow commands, an intact gag reflex, 
train of four >0.9, adequate pain control, and less 
than 0.1 end-expiratory concentrations of inhaled 
anesthetics. Objective criteria include the follow-
ing parameters; tidal volume, peak voluntary neg-
ative inspiratory pressure, alveolar-arterial PaO2 
gradient, and dead space to tidal volume ratio [9, 
17, 22, 41, 42, 45]. For successful extubation, 
patients should be fully awake. Commonly, we 
place an appropriately sized nasal airway prior to 
extubation. The nasal airway is generally well tol-
erated and left in place as long as needed. We find 
that this helps to maintain a fairly patent airway, 
especially when the patient drifts off to sleep. An 
appropriate dose of sugamadex is used at the end 
of surgery in order to reverse the rocuronium to a 
target train of four (TOF) >0.9 [12]. Conversely, 
there are centers in which patients are kept intu-
bated for 24 h postoperative and then extubated 
in ICU with the presence of the surgeon after 
observing the resection site and the entire laryn-
gopharyngeal mucosa [29, 30].

In the postanesthesia care unit (PACU), 
patients are positioned with the head up in 30–45°. 
Supplementary O2 is administered via nasal can-
nula or face mask. Pain control can be optimized 
with a multimodal approach: paracetamol, 
NSAID’s, and tramadol. If needed, longer-acting 
opioids, such as morphine, can be used judi-
ciously. Intravenous steroids are continued for 
1–3 days to reduce airway edema [8, 38].

In summary, the main challenges for the anes-
thesiologist are potentially the difficult airway, 
prolonged surgery in the head and neck vicinity, 
and limited access to the patient in emergent situ-
ations. Accordingly, appropriate preparation, 
good knowledge of potential problems, and good 
communication with the surgical team are essen-
tials for success.
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Robotic Surgery Training

Kunal Jain, Gregory S. Weinstein, Bert W. O’Malley Jr., 
and Jason G. Newman

In December of 2009, the US Food and Drug 
Administration approved the use of the da Vinci 
Surgical System for transoral robotic surgery 
(TORS). Prior to that, most surgeons in training or 
already in practice had not been exposed to the 
surgical robot or to the techniques for 
TORS. Training programs have since been created 
to bridge gaps in knowledge and technical skills. 
Over time, these programs have grown and pro-
gressed to incorporate evolving technology and 
surgical techniques that have accompanied the 
widespread adoption of TORS.

Prior to the advent of TORS, other surgical 
specialties including urology, general surgery, 
and gynecology had been using the robot for a 
variety of surgical procedures. These specialties 
have developed surgical training programs, sev-
eral of which have laid the early foundations for 

the robotic training labs for TORS. Over the past 
several years, various otolaryngology depart-
ments have developed structured curricula for 
training head and neck surgery residents and fel-
lows in robotic surgery [1–3].

As with other surgical training programs, a step-
wise approach to skill acquisition should be taken. 
A well-designed robotics training program should 
therefore have three components: access to didac-
tics materials, access to an inanimate or simulated 
robotics training environment, and a sufficient 
number of TORS operative cases for surgical con-
sole training [3]. Ideally, this TORS training should 
occur during residency or fellowship with the 
supervision of a TORS-experienced surgeon in a 
structured environment with stepwise progression. 
An alternate program is also discussed for head and 
neck surgeons in practice below (see Fig. 4.1).

K. Jain, MD (*) 
Otorhinolaryngology-Head & Neck Surgery, 
McGovern Medical School, University of Texas 
Health Science Center, Houston, USA
e-mail: Kunal.S.Jain@uth.tmc.edu 

G.S. Weinstein • B.W. O’Malley Jr. • J.G. Newman, MD 
Otorhinolaryngology, Head and Neck Surgery, 
University of Pennsylvania, Philadelphia, PA, USA

4

mailto:Kunal.S.Jain@uth.tmc.edu


28

Trainee

Resident/Fellow Practicing Otolaryngologist

Review
Didactics

Inanimate/simulator training 

Simulator Inanimate
laboratory

Cadaveric
dissection

Console Surgeon
Training 

Bedside Assistant Console Surgeon

UPenn Training
Program

Porcine lab
Cadaveric
dissectionDidactics

TORS clinicOR for case
observation

Proctored console
surgeon

Fig. 4.1  Diagram of the pathway to robotic training
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4.1	 �Didactics

Most otolaryngologists are not familiar with the 
robotic system and therefore need an introduc-
tion to the technology. There is a learning curve 
involved with understanding and utilizing the 
technology and equipment. It is important for 
trainees to familiarize themselves with the tech-
nology, its advantages, and limitations. Further, 
trainees also have to familiarize themselves with 
the indications for using the robot in head and 
neck cases. Although beyond the scope of this 
chapter, a thorough understanding of the 
indications for TORS is critical to the success of 
the surgical procedures. As with other surgical 
procedures, appropriate mentorship is of great 
benefit in creating a working knowledge of surgi-
cal indications.

Didactics for TORS include textbook chapters 
from transoral surgery books such as this one, 
procedure and device educational videos avail-
able online (davincisurgerycommunity.com), 
device manuals, and procedure guides [4, 5]. 
Lastly, trainees must also review head and neck 
surgical anatomy from a transoral approach. This 
requires learning “inside-out” anatomy from the 
transoral approach, as most head and neck sur-
geons are used to an “outside-in” approach from 
the neck. This anatomic understanding is critical 
for performing safe and effective TORS and for 
recognizing contraindications to the surgery.

4.2	 �Inanimate or Simulated 
Robotics Training 
Environment

The da Vinci Skills Simulator provides familiar-
ity with the da Vinci console and the three-
dimensional environment. The simulator includes 
a series of exercises that consist of tasks that the 
surgeon completes using the console controls, 
geared toward improving general robotic surgery 
skills. Studies in other specialties have shown 
that the da Vinci Skills Simulator scores correlate 
with surgeon experience and that simulator 
training improves robotic surgery skills [6–8]. 
Simulator tasks help to develop skills such as 

camera movement, clutching, and wrist motion 
skills. While the simulations are not designed for 
transoral robotic surgery specifically, they allow 
for mastering basic skills behind the console that 
are applicable to TORS. Additionally, simulators 
are widely available, easy to use for trainees, and 
affordable for teaching institutions.

Trainees can practice basic robotic skills in an 
inanimate laboratory with simple tasks using the 
surgical robot. The laboratory allows trainees to 
use the same robot used in surgery, familiarizing 
them with the operative setup and instrumenta-
tion. Several institutions have shown the benefi-
cial use of the inanimate laboratory for transoral 
surgical training for residents [2].

The final step of inanimate training is cadaveric 
dissection performed with the surgical robot. This 
allows for teaching of the inside-out anatomy, pro-
gression of surgical steps for transoral procedures, 
and hands-on training of the complex and 
advanced maneuvers performed during TORS.

4.3	 �Console Surgeon Training

When learning TORS for live patients, the first 
step involves working as the bedside assistant. 
TORS is based on a four-handed technique and is 
dependent on a good assistant. Being an active 
assistant allows the trainee to learn the anesthesia 
techniques, equipment positioning, room setup, 
and patient positioning necessary for efficient 
implementation of TORS.  This also helps the 
trainee learn mouth retractor placement, arm and 
camera positioning, and control of bleeding with 
clip application. Much like the rest of surgical 
training, an astute bedside assistant is able to 
anticipate the console surgeon’s next step in the 
surgical procedure and the retraction of tissues 
needed. This enhances the trainee’s understand-
ing of the procedure.

The second step is as the console surgeon with 
the TORS mentor being either on the other teach-
ing console, at the bedside, or actively observing 
using the interactive screen. This allows the men-
tor to step in if the trainee is struggling through a 
step or if there are any critical structures at risk of 
injury. Training behind the console adheres to a 

4  Robotic Surgery Training

http://davincisurgerycommunity.com


30

stepwise progression of experience with profi-
ciency in the first steps being required before 
advancing to the next steps. Various TORS proce-
dures have been organized into a structured cur-
riculum from the University of Pennsylvania, 
which can be considered a prototype for a con-
sole surgeon training program [3].

4.4	 �Training for Head and Neck 
Surgeons in Practice

An alternate training program is used for practic-
ing otolaryngologists. Since 2009, the only place 
to obtain complete TORS training for practicing 
otolaryngologists has been at the University of 
Pennsylvania.

The training program includes porcine lab train-
ing, cadaver dissection, time in clinic to learn 
TORS indications, and live observation of one to 
three cases in the operating room. Furthermore, 
there are didactics given by the faculty at the 
University of Pennsylvania during the weeklong 
training program and also available through the da 
Vinci website.

Following this training, the trainee may 
require assistance by experienced proctoring sur-
geons during their first da Vinci procedures. The 
number of proctored procedures is dependent on 
a hospital’s training and credentialing require-
ments, and intuitive surgical has established 
proctoring networks for otolaryngology.

It is recommended that for the first few cases, 
the surgeon plan on doing relatively simple pro-
cedures such as lingual tonsillectomy or T1 
tumors prior to more complicated cases. The 
minimum number of cases needed for compe-
tency is not established presently and is depen-
dent on the hospital’s requirements.

4.5	 �Learning Curve in Robotic 
Surgery

What should the trainee expect as he/she gains 
experience in TORS? One study found no dif-
ferences in room setup time, operative time, and 
total time in the room, comparing the initial 20 

TORS cases to the following 20 cases [9]. The 
longest study to date was a 4-year experience 
from the University of Alabama. The authors 
found that the mean operative time decreased by 
47%, and hospital stay decreased from 3 to 
1.4  days from the first year to the last year. 
There was also noted to be a decrease in postop-
erative bleeding and airway edema as experi-
ence was gained. However, they did not find any 
difference with more experience between fre-
quency of negative margins, number of trache-
ostomies or feeding tubes, and number of 
aborted cases [10].

Minimum case numbers for establishing resi-
dent/fellow competency have not been estab-
lished, and different individuals may achieve 
competency at different rates. The learning curve 
is steepest behind the console with hands-on 
training much like the rest of surgical training. 
This is aided by the dual-console system, which 
allows for resident and fellow training while 
ensuring patient safety. Currently, at the author’s 
institution, the minimum goal for training is par-
ticipation in 20 cases as a console surgeon.

�Conclusion

Training in robotic surgery is a worthwhile 
undertaking for the experienced head and 
neck surgeon as well as the otolaryngologist 
in training. As the indications for the use of 
the robot expand due to advancing technology 
and surgical knowledge and improved out-
comes, the robot will become a more common 
tool for the ot  olaryngologist in training as 
well as in practice.
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Anatomical Considerations 
in Transoral Robotic Approach

Abie H. Mendelsohn

5.1	 �Introduction

The term “inside-out anatomy” is emphasized 
when transoral robotic surgery (TORS) is taught 
within many of the head and neck robotic surgery 
texts. This term “inside-out” appropriately 
describes the new perspective to which the head 
and neck surgeon must adapt in order to proceed 
safely and efficiently. New TORS surgeons must 
flip their traditional anatomic relationships that 
were taught during open cervical dissection as 
these structures are now encountered from within 
the pharynx extending outward toward the cervi-
cal soft tissues and the skin. Each of the specific 
applications of TORS in the chapters to follow 
will discuss the stepwise progression approach-
ing and preserving the critical neurovascular 
structures within each region. Specifically to be 
discussed include TORS lateral oropharyngec-
tomy in Chap. 5, TORS glossectomy in Chap. 6, 
TORS partial laryngectomy in Chap. 7, and 
TORS parapharyngeal space dissection in Chap. 
12. Instead of duplicating reviews of the inside-
out anatomic relationships, this chapter will 
focus on anatomical considerations required for 
successful performance of TORS beyond the spe-
cifics of each anatomic subsite.

5.2	 �Transoral Exposure

During the early years of TORS when clinical 
experience was limited, most surgeons would 
recommend assessing each patient’s candidacy 
under general anesthesia. However as clinical 
experience grows, many centers are foregoing 
this extra trip to the operating room and instead 
making the determination of TORS candidacy 
clinically. Initial investigations have looked into 
the possibility of predicting adequate transoral 
exposure based on combined anthropometric 
measures. A cadaveric study evaluated the utility 
of combining multiple anthropometric distances 
(significant measurements included mandibular 
body height, hyoid-mental distance, and neck cir-
cumference), but this study’s findings need addi-
tional evaluation to understand its true clinical 
application [2]. Another study aiming to predict 
exposure utilized cephalometrics from preopera-
tive radiology, which demonstrates improved 
promise of clinical applications [3]. Yet currently, 
no combined measurement has shown reliable 
prediction for achievement of adequate transoral 
exposure, and so, in this author’s opinion, the 
ability to predict adequate oral exposure comes 
from surgical volume experience in combination 
with a detailed preoperative examination.
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5.3	 �Trismus

The preoperative evaluation of all TORS surgical 
candidates includes an oral examination, during 
which patients open their mouths. The excursion 
of the mandible is thereby always assessed, but 
perhaps not always appreciated. In particular, sub-
tle limitations of jaw opening or subtle signs of 
pain with jaw opening can easily be overlooked. 
The exact definition of trismus varies depending 
on the referenced text, but it is generally described 
as any degree of jaw opening restriction. Precise 
measurements have been suggested by a selected 
oral surgery textbooks  [1], though this distinction 
is purely academic in its application to TORS 
patients as the presence of trismus at any level 
should alert the TORS surgeon.

Trismus, or the restriction of jaw opening 
resulting in a limited inter-incisor distance, can 
be due to the dysfunction of either the temporo-
mandibular joint (TMJ) or dysfunction of the 
muscles controlling TMJ articulation. In either 
situation, trismus of any severity should be con-
sidered a contraindication for TORS. In the first 
situation, that of TMJ dysfunction, the resultant 
trismus is unlikely to be relieved under general 
anesthesia as a relaxation of the muscles of mas-
tication will not affect joint ankylosis. A limited 
inter-incisor opening will cause an inability to 
successfully navigate the recessed areas of the 

pharynx and larynx and should be considered a 
contraindication based on technical grounds 
applicable to pharyngeal as well as laryngeal 
TORS procedures.

In the second cause of trismus, that of masti-
cation muscle dysfunction or irritation also repre-
sents a contraindication for TORS.  Although, 
irritation of the muscles of mastication can fre-
quently be relaxed under general anesthesia, 
thereby providing access to the larynx and phar-
ynx, it is the underlying pathophysiology of the 
trismus that should be seen as a warning sign to 
the TORS surgeon. As it relates to TORS, the 
muscle that produces trismus will be the medial 
pterygoid. The medial pterygoid muscle arises 
from the medial surface of the lateral pterygoid 
plate as well as from the maxillary tuberosity. It 
inserts onto the lingual surface of the mandible, 
from the angle of the mandible extending upward 
along the inner ramus to the level of the mandibu-
lar foramen. It acts in tandem with the masseter 
creating elevation, or closure, of the mandible. 
The irritation of this muscle is of great concern 
for the TORS surgeon as its involvement (even 
from neighboring irritation) represents unresect-
able tumor extent, as displayed in Fig. 5.1. 
Therefore, this second cause of trismus should be 
viewed as an oncologic contraindication as 
opposed to a technical contraindication of the 
first cause of trismus.
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Fig. 5.1  Medial pterygoid muscle. The medial pterygoid 
(yellow arrow) is found deep to the middle pharyngeal con-
strictor muscle group. The middle constrictors along with 
the styloglossus muscle serve as the deep oncologic margin 
of lateral pharyngeal and glossopharyngeal tumors. If the 

middle constrictors are violated by tumor growth, irritation 
of the medial pterygoid muscle will produce trismus. This 
etiology of trismus should be seen as a contraindication for 
TORS from an oncologic standpoint
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5.4	 �Tori

Tori, or torus in single use, are benign bony out-
growths within the oral cavity which are thought 
to arise from physical irritation. Tori tend to grow 
in distinct positions, along the hard palate and 
along the lingual cortex of the mandible. Tori 
palatinus grow typically as a single outgrowth 
along the midline of the hard palate and are of 
little consequence to the TORS surgeon. Tori 
mandibulares on the other hand are of substantial 
importance. As seen in Fig. 5.2, tori mandibula-
res grow from the medial, or lingual, surface of 
the anterior mandible in an uneven pattern. 
Unless extensive in size, they are rarely symp-
tomatic and therefore generally are not elicited 
during the history portion of a patient evaluation. 
The physical examination can very often skip 
over this seemingly unimportant aspect of the 
oral cavity, particularly when an obvious exo-
phytic pharyngeal tumor is distracting the sur-
geon’s attention. However, a gloved finger used 
to palpate the inner surface of the mandible can 
save the TORS surgeon significant stress by iden-
tifying this significant anatomic consideration.

Tori mandibulares fill the floor of mouth space 
with bony outgrowths. They will therefore block 
the oral tongue from being translocated to within 
the soft movable tissue of the floor of the mouth. 
Aside from trismus, it is this author’s opinion that 

tori mandibulares can have the most devastating 
effect on access and performance of TORS. The 
presence of tori is also significant as this entity 
can be readily excised. This author has referred 
patients for tori resection within the weeks lead-
ing up to TORS, or concurrent with TORS, with 
subsequent excellent exposure.

Fig. 5.2  Tori mandibulares. Intraoral photograph demon-
strates the irregular bony outgrowths of tori mandibulares. 
These benign calcified lesions generally cause a severe 
limitation of anterior tongue retraction down into the floor 
of mouth. During the preoperative evaluation, finger pal-
pation of the inner cortex of the mandible will readily 
identify the presence of these obstructive lesions which is 
significant as the straightforward removal of these lesions 
pre-TORS can provide exposure to otherwise inaccessible 
anatomy (protuberant submandibular ducts are seen in the 
midline abutting the frenulum of the tongue)
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5.5	 �Teeth

Similar to direct laryngoscopy, edentulous 
patients will provide improved TORS exposure 
as compared to exposure of dentate patients. With 
most retraction systems placing the inferior ful-
crum point on the upper central incisors, it is 
these teeth that are the most concerning for 
excessive length restricting exposure. However in 
this author’s view, it is only in the most extreme 
cases of elongated dentition, or of dental prosthe-
sis such as veneers, that produce a substantial 
effect on TORS exposure without additional con-
founding anatomical considerations. More com-
monly, large teeth will play a role in preventing 
successful TORS exposure when other factors 
are also suboptimal. The pressure placed on the 
upper central incisors should be discussed with 
patients, particularly with those patients who 
have placed previous investment in dental care.

Yet distinct from direct laryngoscopy, other 
teeth besides the upper central incisors have con-
siderations during TORS.  The TORS surgeon 
should take note of the presence and shape (sharp 
vs. dull) of the lower incisors. In all but the most 
accessible palatine tonsil tumor, some degree of 
tongue protrusion is required. By retracting the 
tongue out of the mouth to achieve the protru-
sion, the tongue will be compressed against the 
lower incisors which may result in ventral tongue 
laceration or contusion. The presence and posi-
tion of the posteriormost molars will also impact 
the TORS approach, both maxillary and mandib-
ular. As the robotic instruments approach through 
the lateral aspect of the oral cavity, patients with 
third molars (wisdom teeth) in place may offer 
restricted instrument movement or dental injury 
by the serrated neck of the instruments burring 
down the enamel of these teeth.

5.6	 �Carotid Artery

Catastrophic bleeding is the most serious intra- 
and postoperative complication of TORS. Special 
attention must be placed to understand the rela-
tionship between the laryngopharynx and the 
internal carotid arteries. Ideally, a distance of 
2.5 cm should be between the pharyngeal mucosa 
and the carotid arterial wall [6]. While a medial-
ized carotid is the general term of abnormally 
close relationship between the pharynx and the 
artery, the specific patterns of carotid aberrations 
include tortuosity, kinking, and coiling [5]. The 
overall incidence of medialized carotid arteries 
has been estimated between 10 % and 40%, mak-
ing this anatomic anomaly quite common [4]. In 
the preoperative assessment, surgeons should pay 
close attentions to the posterior pharyngeal wall 
during flexible indirect laryngoscopy. At times, 
medialized carotid arteries may cause indentation 
of the posterior pharyngeal wall, as seen in Fig. 
5.3, which can relay a strong pulsating motion to 
the pharynx. Radiologic evaluation will confirm 
this clinical finding and define the course of the 
common carotids as well as the internal and 
external branches. The TORS surgeon must be 
aware of this aberrant finding. Patients with 
medialized carotid arteries are unlikely to be 
acceptable candidates for TORS.

Fig. 5.3  Medialized carotid arteries. Indirect laryngos-
copy from a patient undergoing evaluation for TORS resec-
tion of a right base of tongue squamous cell carcinoma 
(star). The patient was found to have bilateral pulsating 
fullness at the posterior pharyngeal wall (arrows). Imaging 
confirmed the presence of medialized internal carotid arter-
ies within 3 mm of the pharynx. This close association of 
the carotid artery is considered a contraindication for TORS

5  Anatomical Considerations in Transoral Robotic Approach
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5.7	 �Feeding Vessels

Similar to assessing for carotid artery anatomic 
variants, tumors under consideration for TORS 
resection should also be evaluated for feeding 
vessels. Prevention of intraoperative and postop-
erative hemorrhage is largely dependent on the 
correct identification of vascular structures prior 
to transection. Therefore, in addition to under-
standing the anatomic relationships of the named 
arterial branches of the laryngopharynx, the pre-
operative imaging must be carefully inspected for 
neovascularization. Tumors, especially those 
with endophytic growth patterns, can develop 
feeding vessels as large or even larger than named 
arterial branches, with an example in Fig. 5.4. 
These feeding vessels can many times be con-
trolled with open proximal cervical arterial 
branch ligation, though their presence and sig-
nificance should not be overlooked.

5.8	 �Cervical Spine

The issue of patients with limited cervical spine 
extension is one that does not play a large role in 
the preoperative anatomical assessment of the 
TORS patient. Generally, a neutral neck position 
is all that is required for pharyngeal exposure. 
The exception to this rule is found with patients 
with limited chin to chest (mentum to sternum) 
distance. In such a patient, a shoulder role can be 
useful to provide distance between the neck of 
the robotic oral retractors and the anterior chest 
wall. Therefore, in asymptomatic patients having 
no history of cervical spinal surgery or pain, no 
additional evaluation or radiology is necessary 
prior to TORS.

5.9	 �Pediatric Patients

The application of TORS in the pediatric patient 
has shown increased utilization, mainly in the 
repair of laryngeal cleft [7, 8]. The anatomic con-
siderations for the pediatric patient follow the 
same process as the adult patient, but each with 
increased significance as the smaller anatomic 
dimensions of the pediatric patient limits the 
available room to maneuver. One important dis-
tinction though is the more superior position of 
the pediatric larynx as compared with the adult 
larynx. This relationship brings the pediatric lar-
ynx closer to the oral cavity and therefore more 
accessible for robotic instrumentation. The more 
superior position of the pediatric larynx also 
allows for robotic access with standard tonsil oral 
retractors (i.e., Crowe-Davis) as opposed to an 
operative pharyngoscope (i.e., FK-WO, LARS) 
required for robotic access to the adult larynx.

�Conclusion

We have discussed several anatomical consid-
erations that must be assessed before successful 
TORS can take place. Some issues may prevent 
exposure and visualization such as tori, teeth, 
and trismus due to TMJ ankylosis. Other issues 
may risk patient safety and oncologic resection 

Fig. 5.4  Feeding vessels. Preoperative imaging can iden-
tify tumor-feeding vessels as large as the named cervical 
arterial branches. Displayed is an MRI, T1 fat-saturated 
post-contrast, scan of a patient with glossopharyngeal fold 
squamous cell carcinoma (star) undergoing evaluation for 
TORS resection. This image demonstrates a large caliber 
vessel (arrow) arising from the facial artery

A.H. Mendelsohn
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such as medialized carotid arteries, feeding 
vessels, and trismus due to medial pterygoid 
muscle dysfunction. In all, the TORS surgeon 
must have an appreciation of these factors 
before considering proceeding with the com-
plexities of transoral robotic surgery.
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Retractors for Transoral Robotic 
Surgery
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and Neerav Goyal

6.1	 �Introduction

With the introduction of endoscopic and transoral 
robotic approaches (TORS) to lesions of the head 
and neck, larger surgical approaches such as a 
lip-split mandibulotomy, lateral pharyngotomy, 
or transhyoid approach can be avoided for oro-
pharyngeal and laryngeal lesions. TORS has 
made significant advances over the past 10+ 
years and is a viable option in the surgical treat-
ment of benign and malignant lesions of these 
sites. However, to be a viable alternative to open 
surgery, one of the major requirements of TORS 
is obtaining adequate exposure of the surgical 
site, allowing for visualization of and access to 
the lesion to be excised. Without this, it is not 
possible to place instruments through the oral 
cavity in a manner that safely maximizes the use 
of the increased dexterity. While the majority of 
TORS surgeons use the da Vinci robot (Intuitive 
Surgical, Sunnyvale, CA), more recent advances 
in robotic technology have brought devices to the 
market that are designed with the head and neck 
surgeon in consideration, such as the Medrobotics 
Flex robot (Medrobotics, Raynham, MA).

To this end, multiple retractor systems have 
been used and specifically designed for mini-
mally invasive work in the oropharynx, hypo-
pharynx, and larynx. Factors in choosing a 
retractor system include freedom of motion, 
accommodation of endotracheal tube, and safe 
oral retraction methods to avoid ischemic or trau-
matic injury. The ultimate goal of novel retrac-
tion methods is to produce a mechanism by 
which the operator has an adequate field of view 
of the surgical site, while also accommodating an 
endoscopic camera and robotic effector arms. 
This chapter will review the currently available 
retractors that are utilized in TORS.

6.2	 �Crowe-Davis and McIvor 
Retractors

The Crowe-Davis and McIvor retractors are the 
standard retractors used in tonsillectomy, the 
most common oropharyngeal procedure per-
formed by otolaryngologists (Fig. 6.1). Retractor 
systems using blades to move the tongue out of 
the surgical field of view had been in place since 
the late 1800s. Samuel Crowe, while in training 
under Harvey Cushing at the Johns Hopkins 
Hospital, in conjunction with Dr. Cushing’s anes-
thesiologist, Dr. Davis, developed a retractor with 
a self-ratcheting tongue blade that allowed for 
stable retraction of the tongue, with a notch for an 
endotracheal tube allowing for ventilation. In 
addition, this retractor design includes an open 
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lateral end, allowing for the surgeon to have 
increased range of motion on that side with the 
surgical instruments [1, 2]. The Crowe-Davis gag 
relies on the patient having stable and intact ante-
rior dentition for the superior portion of the 
retractor to seat. In the 1940s, Robert McIvor, 
seeing the pitfalls of the gags available at the 
time, designed the McIvor atraumatic gag, using 
a closed loop superior contact point posterior to 
the canines to provide seating for the retractor 
[3]. This retractor is also useful in the edentulous 
patient by placing the “point” of the retractor in 
the arch of the palate, providing stable retraction 
on the maxillary alveolus.

With many years of experience with these 
standard retractors for oropharyngeal surgery, it 
is no surprise that the Crowe-Davis and McIvor 
have been adapted for use in TORS procedures 
involving the oropharynx, with excellent expo-
sure of the tonsillar pillars and soft palate. 
Placement of the retractor is familiar to all but the 
most junior of otolaryngology residents and is 
typically simple and fast. Accessibility of the 

robotic instruments and camera is typically ade-
quate for lesions located anterior to the base of 
tongue, although some base of tongue lesions 
may be accessible [4]. The open-sided design of 
the Crowe-Davis retractor does, ostensibly, allow 
for an increased lateral range of motion com-
pared to the McIvor, without collision with the 
retractor.

As discussed by Weinstein and O’Malley [5], 
the Crowe-Davis also provides adequate expo-
sure of the base of tongue; however, it is limited 
in its flexibility for these procedures, as there are 
few options for the tongue retraction blade and 
no attachments for retraction of the cheek or lat-
eral portion of the tongue (Fig. 6.1). Again, the 
open lateral portion of the frame is noted as a 
strength, allowing for increased lateral motion of 
the robotic arms and camera.

Hockstein et al. [6] have described the use of 
the McIvor mouth gag in laryngeal procedures in 
a mannequin model with improved use of instru-
ments and exposure when compared to operating 
through a standard Lindholm laryngoscope.

Fig. 6.1  Crowe-Davis (left) and McIvor (right) retractor systems with different-sized tongue blades

E. Funk et al.
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6.3	 �Dingman Retractor

In the 1960s, Dingman and Grabb [7] at the 
University of Michigan described a new, closed-
frame retractor system to allow for improved 
visualization of the oral cavity and oropharynx. 
The Dingman gag includes not only the tongue 
retraction blade but also attachments to the lat-
eral portion of the frame allowing for retraction 
of the cheeks. There are also springs on the infe-
rior and superior portions of the frame to capture 
sutures that are placed through the palate or 
tongue for additional points and vectors of retrac-
tion (Fig. 6.2). This wide view and flexibility of 
retraction has made it a staple in surgery on the 
palate, primarily cleft surgery [8].

Again, given its wide availability and familiar-
ity, the Dingman retractor has been adapted for 

use in TORS.  Similar to the Crowe-Davis and 
McIvor, exposure of the oropharynx is excellent, 
although the closed frame restricts the motion of 
the robotic arms and camera. This limitation fur-
ther increases as the surgeon moves to the base of 
tongue lesions and into the hypopharynx and lar-
ynx. There are few tongue retractor options with 
these systems, limiting the ability to obtain direct 
exposure of the base of tongue.

Given these restrictions, Hockstein et  al. [9] 
describe a series of cadaveric dissections using 
the Dingman retractor, from laryngeal proce-
dures such as vocal cord stripping and cordec-
tomy to the base of tongue resections. In addition 
to the tongue and cheek retractors, retraction 
stitches through the oral tongue as well as the 
epiglottis are used and attached to the retractor to 
improve the field of view.

6  Retractors for Transoral Robotic Surgery
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a

b

Fig. 6.2  (a) Dingman retractor system with different-sized tongue blades. (b) Dingman retractor in situ

E. Funk et al.
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6.4	 �Feyh-Kastenbauer Retractor

The Feyh-Kastenbauer (FK) retractor (Gyrus 
Medical Inc., Tuttlingen, Germany) is a versatile 
retraction system with unique applications in 
laryngeal, hypopharyngeal, and base of tongue 
procedures. The retractor features a closed rect-
angular frame, cheek retractors, tongue blades, 
laryngeal blades, and a vallecular blade [5]. The 
FK retraction system offers a variety of tongue 
blades with the ability to adjust both insertion 
depth and insertion angle. Some of these blades 
also offer the unique feature of “cutout” compo-
nents designed for use in conjunction with the 
angle and depth adjustments to provide improved 
exposure of more distal operative sites (Fig. 6.3).

O’Malley and colleagues were one of the first 
groups to demonstrate the unique advantages 
offered by the FK retractor in TORS procedures 
of pharyngeal and base of tongue pathologies. In 
comparison to the Dingman and Crowe-Davis 
retractors, the FK is advantageous in base of 
tongue surgery as it provides a larger rectangular 
opening for the widest instrument working space 
with more space for robotic instrument move-
ment. The two small articulating clamps of the 
FK allow for individualized articulation of each 
of the tongue and cheek retractor blades to be 
attached and manipulated for increased tissue 
exposure. The FK also includes integrated suc-
tion retractors that are not available in many other 
retraction systems. Modifications were made to 
the original FK retractor system by Weinstein 
and O’Malley, in order to optimize the retractor 
for use in conjunction with the da Vinci system, 
now named the FK-WO (Feyh-Kastenbauer 
Weinstein-O’Malley) [10]. These modifications 
included widening of the aperture at the frame to 
allow for more room for instruments and the 
camera, as well as new blades for exposure of the 
supraglottis (Fig. 6.3), making it useful in all 
transoral procedures.

In base of tongue cadaver studies, O’Malley 
and colleagues [5] determined that the FK had 
significant advantages with its lateral retractor 

attachments, a variety of tongue blades with and 
without cutouts, vallecular blade, cheek retrac-
tors, and three-dimensional adjustment capability 
that deemed it the most versatile retraction sys-
tem at the time. Thus, it was chosen for use in the 
human base of tongue resections. The open laryn-
geal blade fit into the vallecula and provided 
visualization of the junction of the base of tongue 
and epiglottis, allowing for controlled inferior 
tissue incisions.

The FK retractor allows for TORS of the base 
of tongue, eliminating the requirement of 
mandibulotomy with a lip-split or transpharyn-
geal approaches that carry high risk of damage to 
delicate structures, with effects on mastication, 
swallowing, speech function, and cosmesis.

The FK retraction system is also the only 
retractor that has been reliably used for supra-
glottic partial laryngectomy and hypopharyngeal 
tumors as it is capable of exposing the larynx, a 
weakness of the Dingman and Crowe-Davis. In 
2007, Weinstein and colleagues successfully uti-
lized the FK retractor system for completion of 
supraglottic partial laryngectomies [11], and Park 
and colleagues describe the excision of supra-
glottic and glottic lesions in 2009 [12].

i

ii
iii

iv

Fig. 6.3  FK-WO retractor system with blades available 
for exposure of different areas. (i) Tongue blades for expo-
sure of oral cavity and oropharynx. (ii) Tongue blades for 
exposure of hypopharynx and base of tongue. (iii) Tongue 
blade for exposure of larynx. (iv) Cheek retractor 
attachments

6  Retractors for Transoral Robotic Surgery
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6.5	 �Laryngeal Advanced 
Retractor System (LARS)

The laryngeal advanced retractor system is a 
newer design that was introduced to the field of 
TORS in 2011 by Remacle and colleagues [13]. 
The retractor features a rounded frame with 
blades that allow adjustment of both insertion 
depth and insertion angle, cheek retractors, 
tongue blades, and laryngeal blades [14]. The 
curved frame adapts to the shape of the patient’s 
face and contains framework that extends in the 
horizontal plane to allow for ease of movement of 
the robot arms. There is also a ratchet system that 
is built into the frame to assist with vertical sus-
pension of the device, a feature of standard laryn-
goscopes that is not available in other retractor 
systems (Fig. 6.4).

In addition to the FK retractor, the LARS is also 
capable of providing adequate exposure to the lar-
ynx and hypopharynx. It not only offers a repertoire 
of blades to choose from but has vertical attachment 
bars that allow for use of additional instruments if 
needed. The threaded adjustment system of this 
retractor provides the ability to slide the vertical 
blades upward and downward, as well as backward 
and forward. This single retractor can thus be used 
for procedures in the oral cavity, oropharynx, hypo-
pharynx, larynx, and upper esophagus.

In the initial study in which the retractor was 
introduced, it was successfully used in five patients, 
two with oropharyngeal tumors, one with a supra-
glottic tumor, one with hypertrophy of the palatine 
tonsils, and one with a parapharyngeal space 
schwannoma. All procedures were completed with 
adequate exposure and without complications [13].

i

ii
iii

a b

Fig. 6.4  (a) LARS retractor system with blades available 
for exposure of different areas. (i) Cheek retractor attach-
ments. (ii) Tongue blades for exposure of oral cavity, base 

of tongue, and oropharynx. (iii) Tongue blades for expo-
sure of the hypopharynx and larynx. (b) LARS retractor in 
situ

E. Funk et al.
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6.6	 �Medrobotics Flex Retractor 
System (FRS)

The first robotic system utilized and approved for 
TORS was the Intuitive Surgical da Vinci Si sys-
tem. As this system was the only robot available 
for TORS, the evaluations of most retraction sys-
tems have predominantly used the da Vinci sys-
tem. Recent advancements have led to the 
development of a smaller, flexible surgical robot 
designed with limited access sites such as the 
head and neck in mind, the FDA-approved 
Medrobotics Flex Robotic System (Raynham, 
Massachusetts, USA).

Along with the development of a new robotic 
system, a novel retractor system was designed for 
use with this robot, featuring interchangeable 
tongue retractors. The system integrates a large, 
rounded, closed frame with the various tongue 
retractors. This frame allows for attachment of 
cheek retractors similar to the Dingman retractor, 
with a frame size that increases the range of 
motion of the instruments (Fig. 6.5). In addition, 
the system includes a suction attachment to clear 
smoke created with electrocautery use, similar to 
that in the FK-WO.

This retractor system was designed in con-
junction with the Flex robot; however, its usage is 
not limited to use with any specific robot. The 
authors have used the Medrobotics Flex Retractor 
System in cadaveric dissections with ease of use 
and placement, and excellent exposure was 
obtained while using the da Vinci Si system, per-
forming oropharyngeal, base of tongue, hypo-
pharyngeal, and supraglottic procedures 
(unpublished report/personal communication).

The unique design and primary advantage that 
the Flex retractor system allows are user-tunable 
adjustment of the angle and pitch of the tongue 
blade in the superior-inferior direction, the 
rotation of the blade axially, and depth of the 
blade. These adjustments, along with the variety 
of blades available, make the system useful in all 
transoral procedures, similar to the 
FK-WO. Hasskamp et al. [14] first describe the 
use of the Flex robot and retractor system in 
human patients. They found that the surgical 
exposure was excellent in all cases of 
oropharyngeal, base of tongue, and hypopharyn-
geal surgery. Laryngeal blades were still in devel-
opment and thus not available for use from the 
company at the time of their testing.

i

iii v
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iv

a b

Fig. 6.5  (a) Flex retractor system with blades available 
for exposure of different areas. (i) Pitch and angle adjust-
ment knobs. (ii) Cheek retractor attachments. (iii) Tongue 
blades for exposure of the oral cavity, base of tongue, and 

oropharynx. (iv) Tongue blades for exposure of the hypo-
pharynx. (v) Tongue blades for exposure of the larynx. 
(b) Flex retractor in situ
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6.7	 �Pediatric Applications 
of Retractor Systems

The application of robotic surgery in the pediatric 
population remains a challenging endeavor. The 
current size of robotic endoscope and instrument 
arms can be difficult to introduce into the pediatric 
oropharynx. In children, exposure can be particu-
larly challenging, and specifically designed mouth 
retractors for infants and small children are cur-
rently not available. While the frame size is constant 
in available systems, some blades can be used for 
pediatric applications, particularly in procedures of 
the oropharynx. The Crowe-Davis, McIvor, and 
Dingman mouth gags offer tongue blades that are 
commonly used in the pediatric patient. While the 
Crowe-Davis and McIvor are commonly used in 
non-robotic tonsillectomies, the Dingman, FK, and 
McIvor retractors have been used in children under-
going lingual tonsillectomy [15].

Exposure of the larynx is much more challeng-
ing in the child as the laryngeal blades of the FK, 
LARS, and FRS are designed for the adult patient. 
However, exposure of the larynx for laryngeal cleft 
repair has been successful using the Crowe-Davis, 
FK, and Dingman mouth retractors [16, 17].

�Conclusion

Transoral robotic surgery continues to expand 
and gain momentum. At this time, two robotic 
systems exist to facilitate TORS procedures. 
However, efficiently and safely using these 
systems does require adequate exposure of the 
surgical site. To this end, the head and neck 
surgeon must be familiar with the many retrac-
tor systems available to choose the ideal 
retractor.

A plethora of retractors have been developed 
to allow for adequate access without hindering 
visualization of lesions of the oropharynx, 
hypopharynx, and larynx (the reviewed retrac-
tors are summarized in Table  6.1). Notably, 
areas that require specific consideration are 
the base of tongue, where a retractor may 
cover the area of interest, and the larynx, 
where many retractors are not able to suffi-
ciently elevate the tongue anteriorly and pro-
vide adequate exposure. As surgeons continue 
to expand the versatility of surgical robots, we 
suspect that the retractors used will continue 
to evolve and improve.

E. Funk et al.
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Transoral Robotic Surgery 
for Tonsillar Cancer

Shivani Shah-Becker, Robert Saadi, 
and David Goldenberg

7.1	 �Introduction

Surgery for tonsillar cancer has previously been 
limited to early-stage and intra-tonsillar tumors 
due to inadequate visualization of the oropharynx 
via transoral approaches. Open approaches to the 
oropharynx are often quite morbid, requiring 
mandibulotomy or partial mandibulectomy and 
tracheotomy in order to achieve oncologic resec-
tion, followed by extensive reconstruction [1]. 
Until recently, trends have been to treat oropha-
ryngeal carcinomas with primary radiation ther-
apy. However, radiation therapy is also not 
without significant toxicity and side effects, 
including xerostomia, dental complications, and 
long-term dysphagia requiring a feeding tube [2]. 
Additionally, the use of radiation as a primary 
modality of treatment subsequently restricts its 
use in the case of recurrence or development of a 
second primary malignancy.

The introduction of robotic-assisted surgery 
in tonsillar cancer has allowed more advanced 
and extensive tumors to be treated with surgery. 
The transoral approach avoids the morbidity of 
an open procedure while still achieving complete 

oncologic resection, including margins. The 
magnified three-dimensional view along with 
the use of angled endoscopic cameras with 360° 
radius provides visualization beyond the tonsil-
lar fossa to the great vessels laterally, the pal-
ate and nasopharynx superiorly, and the tongue 
base inferiorly, which could not be achieved 
using traditional transoral headlight or operative 
microscope alone.

7.2	 �History of Transoral Surgery 
for Tonsillar Cancer

A renewed interest in a surgical approach to oro-
pharyngeal cancers has developed in the last 
decade, largely due to the increasing incidence of 
the HPV-associated squamous cell carcinoma 
affecting a younger demographic who are more 
susceptible to the delayed adverse effects of 
chemoradiation [3–5]. The transoral approach, a 
minimally invasive technique taking advantage 
of the access through the mouth, was first 
described in 1951 by the French surgeon Huet 
[6]. The poor visualization and reliance on rigid 
instruments made the approach unfavorable for 
resection deep within the oropharynx.

In 2003, Steiner utilized a carbon dioxide laser 
through a micromanipulater with a laryngoscope 
for visualization in the oropharynx [7]. In 2005, 
Holsinger et  al. reported on the French experi-
ence, having achieved an 82% 5-year control 
rate with the use of transoral laser microsurgery 
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(TLM) in patients with early-stage tonsillar squa-
mous cell carcinoma [8]. However, TLM has 
some shortcomings, particularly due to the line-
of-site requirements of the CO2 laser, as well as 
the challenges with manipulating the tumor to 
provide more deliberate dissection and complete 
visualization. Additionally, bleeding encountered 
during a TLM procedure can be difficult to man-
age with the laser and requires the surgeon to 
switch to electrocautery.

The introduction of the “robot” has reduced 
some of these challenges, and its use in carefully 
selected tongue base, tonsillar, and certain laryn-
geal and hypopharyngeal cases has shown great 
success. The robotic surgical system most widely 
used for transoral robotic surgery (TORS) proce-
dures has been the da Vinci Surgical System 
developed by Intuitive Surgical (Sunnyvale, CA). 
With joysticks that control “wristed” surgical 
instruments in three-dimensional space, the da 
Vinci robot allows surgeons to cut, manipulate, 
and suture tissue via the minimally invasive 
approach.

In 2007, Weinstein et al. developed the TORS 
radical tonsillectomy based on the previous tran-
soral technique with some basic modifications 
for the operating room setup and oral exposure. 
Their exclusion criteria were limited to unresect-
able neck nodes, mandibular invasion, involve-
ment of >50% of the tongue base, involvement of 
>50% of the posterior pharyngeal wall, carotid 
artery involvement, or fixation to prevertebral 
fascia. Twenty-five of the 27 tumors were 
resected with negative margins, and there were 
no local or regional recurrences. Two patients 
required a tracheotomy, and only one experi-
enced persistent difficulty swallowing [9]. 
Additional studies revealed the feasibility and 
safety of TORS, and preliminary outcome data 
showed optimal disease control with significantly 
better functional swallowing outcomes [10, 11]. 
In 2009, the US Food and Drug Administration 
(FDA) approved of the use of da Vinci robotics in 
head and neck benign disease and T1 and T2 
malignancies.

Although visualization and anatomical access 
have been improved with this robotic system, the 

design of the long and rigid da Vinci end effector 
instruments does not provide for ideal, unham-
pered access to all anatomic sites within the 
upper aerodigestive tract [12]. A flexible robot 
was developed for minimally invasive surgery 
applications at Carnegie Mellon University. 
Originally designed for cardiac procedures, this 
robot is a device with 102 degrees of freedom 
and a snakelike advancement mechanism capable 
of steering a nonlinear, self-supported path. The 
flexible robot was further customized and trans-
formed into the Medrobotics Flex System, devel-
oped specifically for use in surgical applications 
requiring nonlinear maneuverability such as tran-
soral surgery. This flexible robot platform drives 
a chip-on-tip endoscope through nonlinear path-
ways and provides a platform for the delivery of 
flexible tools to perform a variety of surgical pro-
cedures. In 2015, the FDA approved the use of 
the Flex system for transoral resections of head 
and neck tumors (Fig. 7.1).

Fig. 7.1  Medrobotics Flex robot, approved for transoral 
robotic surgery in 2015
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7.3	 �Indications

The current indications for robotic-assisted sur-
gery for tonsillar cancer are tumors amenable to 
total resection with negative margins. The 
patients who are the best candidates typically 
have early-stage (T1 to T2) tumors and have the 
potential to avoid chemoradiation therapy. Those 
who have advanced-stage (T3 or T4) tumors will 
generally require chemoradiation therapy and 
may not always benefit as greatly from surgery. 
However, in the case of low-volume T3 disease, 
undergoing robotic surgery may still allow the 
patient to receive adjuvant radiation alone, with-
out chemotherapy [9, 13, 14]. Therefore, 
advanced-stage disease is not a contraindication 
for TORS and is performed routinely at many 
institutions. Finally, robotic-assisted surgery may 
also be indicated in certain circumstances of sal-
vage surgery for early T-stage tumors [15].

Contraindications of TORS for tonsillar can-
cer are separated into two major categories: 
tumor-related factors and patient-related factors. 
Factors that make the tumor unresectable include 
carotid artery involvement, fixation to the prever-
tebral fascia, and unresectable neck lymphade-
nopathy. T4a lesions with mandible invasion, 
hard palate invasion, >50% tongue base involve-
ment, and >50% posterior pharyngeal wall 
involvement are also contraindicated [9, 13, 16]. 
Patient-related factors include anatomical issues 
such as trismus and kyphosis, retropharyngeal 
location of the internal carotid artery, and medi-
cal comorbidities precluding general anesthesia 
or inhibiting wound healing by secondary inten-
tion [9, 13, 16].

7.4	 �Operative Technique

When using the da Vinci robotic system, the 
setup for robotic-assisted radical tonsillectomy is 
similar to that in other transoral robotic head and 
neck surgery cases. The robot base is on the 
patient’s left and the scrub nurse on the patient’s 
right. A bedside assistant is seated at the head of 
the patient. Intubation can be achieved either 
transnasally or transorally using a RAE endotra-
cheal tube. Exposure to the oropharynx is typi-
cally achieved using either a Crowe-Davis or 
Dingman mouth gag. The tongue blade accompa-
nies the mouth gag to push the tongue inferiorly. 
Three robotic arms are inserted transorally [9] 
with the endoscope in the center and a spatula tip 
monopolar cautery and a Maryland dissector on 
the ipsilateral and contralateral arms, respec-
tively, 30–45° from the center (Fig. 7.2). A 0 
degree endoscope is typically utilized at the start 
of the case, but may be changed to a 30° scope 
later to better visualize the base of tongue. A 
retraction suture can be placed through the mid-
line of the tongue for additional retraction. The 
bedside assistant should have suction in the oral 
cavity to remove smoke from the surgeon’s view 
and an instrument for cheek retraction if neces-
sary [9, 17–19].

When using the Flex robotic system, the robot 
is mounted to the surgical table rails and arranged 
to approach the oral cavity from the caudal 
direction (Fig. 7.3). The robot is then driven via 
the physician controller to enter the oral cavity 
and travel midline until the tonsillar region is 
reached (robot docking). Once the flexible robot 
had been docked in the desired position, the sur-
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geon inserts flexible endoscopic instruments into 
the external accessory channels to perform the 
procedure. A 3.5 mm grasper is used for tissue 
retraction and manipulation, and a 3.5 mm cau-
terizing instrument and a laser guide are used for 
cutting. Flexible instrumentation can be inserted 
by the surgeon from the direction opposite the 
flexible robot, in this case from the cephalic 
direction [20].

Once adequate visualization of the tonsillar 
fossa is established using either robotic system, 
a dissector or other grasper is used to provide 
medial retraction of the tonsil. Monopolar cau-
tery is used to make a mucosal incision in the 
anterior tonsillar pillar and soft palate (Figs. 7.4 
and 7.5). The plane of dissection is developed 
deep to the superior constrictor muscle, leaving 
pharyngeal fat laterally. The spatula tip cautery 
or other instrument can be used for blunt dissec-
tion in this plane (Figs. 7.6 and 7.7). Pulsations 
from the carotid artery area easily visualized 
with the three-dimensional magnified view deep 
to the parapharyngeal fat. Dissection is carried 
to the styloglossus with the pterygoid muscles 
laterally.

Superiorly, the soft palate incision is carried 
down through both the palatoglossus and palato-
pharyngeus muscles to the prevertebral fascia. 
Here, again, the spatula cautery can be used to 
bluntly dissect the superior constrictor muscle off 
of the prevertebral fascia. Inferiorly, the use of 
the robot gives the surgeon complete visualization 
of the tongue base, allowing a cuff of tongue base 
muscle to be included as the inferior margin of 
the resection (Fig. 7.8). The styloglossus and sty-
lopharyngeus muscles are encountered and care-
fully dissected circumferentially and typically 
transected [9, 17]. Branches of the external 
carotid, including lingual artery, are encountered 
5–8  mm deep to the styloglossus muscle and 
should be carefully avoided or ligated with surgi-
cal clips.

The glossopharyngeal nerve can also be iden-
tified at the junction of the posterior tonsillar pil-
lar and base of tongue. While distal branches and 
even the main trunk may require transection from 

an oncologic standpoint, the magnification and 
enhanced visualization of the robotic system can 
also give the surgeon the ability to trace the nerve 
and leave it intact [18].

Finally, the constrictor muscle is transected 
at the medial deep limit of the dissection and 
the posterior mucosal cut is completed, free-
ing up the specimen [9] (Figs. 7.9 and 7.10). 
Any bleeding which is encountered can be 
controlled with either monopolar cautery or 
vascular clips [17]. The bedside assistant may 
also be able to use bipolar forceps for hemo-
stasis, or apply pressure to compress the lin-
gual artery at the level of the hyoid to improve 
visualization [9].

The wound may be left open to heal by sec-
ondary intention or a skin graft can be placed to 
cover raw muscle edges. More extensive recon-
struction is often unnecessary following TORS, 
as the intact buccopharyngeal fascia avoids 
exposure of any major vessels. If neck dissec-
tion is performed in a staged fashion, then fis-
tulous connection to the neck is also avoided, 
precluding the need for local and/or free flap 
reconstruction [16].

Fig. 7.2  Da Vinci robot setup with endoscope in the cen-
ter and instruments on each side oriented at 45° from the 
center camera
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Fig. 7.3  Medrobotics 
Flex robot mounted to 
patient bed rails with 
surgeon at the patient’s 
head controlling 
instruments

Fig. 7.4  Initial mucosal incision made in the anterior 
tonsillar pillar using monopolar cautery. AP anterior pil-
lar, U uvula, S soft palate, BOT base of tongue, T tonsil, 
PP posterior pharyngeal wall, LP lateral pharyngeal wall

Fig. 7.5  Incision extended to soft palate using monopo-
lar cautery, as seen through the Da Vinci console. BOT 
base of tongue, U uvula, S soft palate, LP lateral pharyn-
geal wall
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Fig. 7.9  Cephalad dissection is visualized as the speci-
men is retracted inferiorly. U uvula, S soft palate, LP lat-
eral pharyngeal wall

Fig. 7.10  Final cuts are made detaching the specimen 
from the posterior pharyngeal wall. U uvula, S soft palate, 
PP posterior pharyngeal wall, LP lateral pharyngeal wall, 
asterisk wound bed as posterior mucosal cut is completed

Fig. 7.6  A plane is bluntly developed deep to the supe-
rior constrictor muscle. SC superior constrictor muscle, U 
uvula, S soft palate, AP anterior pillar, BOT base of 
tongue, LP lateral pharyngeal wall

Fig. 7.7  Spatula tip cautery and suction continuing in 
blunt dissection in the established plane deep to the supe-
rior constrictor muscle. SC superior constrictor, U uvula, 
S soft palate, BOT base of tongue, LP lateral pharyngeal 
wall

Fig. 7.8  A margin of tissue at the tongue base is taken 
inferiorly. BOT base of tongue, LP lateral pharyngeal all
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7.5	 �Complications

Reported complication rates following da Vinci 
TORS for tonsillar cancer are as high as 19% [9]. 
Bleeding is one of the most serious and poten-
tially life-threatening acute complications. The 
incidence of bleeding following all transoral 
robotic surgery has been reported as 9.8%. The 
tonsil bed was found to be the second most com-
mon site of bleeding, following the base of tongue. 
T2 and T3 tumors trended toward higher bleeding 
rates than T1 tumors. Bleeding can be controlled 
by a variety of methods including silver nitrate 
cauterization, monopolar or bipolar cauterization, 
embolization, and transcervical arterial ligation. 
If the neck dissection is staged prior to resection 
of the primary tumor, the facial and lingual arter-
ies can be ligated at their origin from the external 
carotid artery. Additionally, if performed concur-
rently with the primary tumor resection, the neck 
dissection should include ligation of the external 
carotid arterial branches, particularly the facial, 
lingual, and ascending pharyngeal branches. This 
theoretically can minimize post-TORS cata-
strophic bleeds. Airway protection is critical in 
post-TORS oropharyngeal hemorrhage and can 
prevent a catastrophic outcome [21].

The need for unplanned tracheotomy is 
another potentially life-threatening complication 
and has a reported incidence between 0% and 4% 
[9, 22]. Other reported minor complications from 
robotic oropharyngeal surgery include palatal 
insufficiency, nasopharyngeal stenosis, hyperna-
sality, lingual nerve numbness, postoperative 
trismus, dysgeusia, and cervicalgia.

If en bloc concurrent resection of primary and 
cervical lymph nodes is performed, as opposed to 
staged neck dissection, the risk of creating a fis-
tula to the neck is closer to 30%, and some recon-
struction should be considered [23]. If a small 
connection is created (<1 cm), primary closure, 
tissue sealant, and cervical drain may be suffi-
cient in management. If a larger defect is created, 
primary closure can be attempted, and local mus-
cle coverage using the digastric, mylohyoid, and/
or sternocleidomastoid muscle is indicated. 
Tissue sealant and cervical drains are still uti-
lized, and NPO status is maintained for 48 h if 
leak is not suspected [23, 24].

7.6	 �Outcomes

7.6.1	 �Perioperative Outcomes

Average surgical time for TORS oropharyngeal 
resection is about 85  min [25]. Blood loss is 
typically low for an oncologic resection, aver-
aging less than 90–100 ml. Patients have short 
hospital stays, ranging between 1 and 7  days, 
with most people staying in the hospital less 
than 4 days [25].

Anywhere from 0% to 31% of patients require 
tracheotomy at some point during their treatment, 
with patients with advanced-stage tumors requir-
ing tracheotomy more frequently than those 
patients with early-stage tumors [26]. Due to the 
resultant aspiration and wound healing issues, 
patients undergoing salvage TORS for failed 
radiation therapy may benefit from elective tra-
cheostomy at the time of surgery.

7.6.2	 �Oncologic Outcomes

Oncologic outcomes for early-staged patients are 
similar to patients undergoing primary chemora-
diation therapy, but without any of the adverse 
effects of radiation or chemotherapy.

In early-stage oropharyngeal cancer treated 
with TORS alone, without adjuvant therapy, 
Weinstein et al. reported only a 3% rate of posi-
tive margins at resection and 97% local control at 
18  months post-op. Regional control was 
achieved in 90% and distant control in 100%, 
with 100% survival at 18 months [25]. In a larger, 
multi-institutional study of oncologic outcomes 
of 410 patients, 2-year locoregional control in 
tonsillar cancers was 97.1%. The 2-year overall 
survival was 95.4% [27].

7.6.3	 �Functional Outcomes

Dysphagia is a frequently cited adverse effect of 
treatment for tonsillar cancer. Functional out-
comes and swallowing are important to assess 
following any modality utilized for the treatment 
of these cancers, including TORS. Studies exam-
ining swallowing outcomes after TORS thus far 
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are limited in follow-up to approximately 
1–2 years [25, 26, 28].

For early-stage oropharyngeal cancers which 
were treated with TORS alone, greater than 90% 
of patients are able to take an oral diet on postop-
erative day 1 and 100% by the time of discharge 
from the hospital [26]. At 18  months after sur-
gery, nearly all patients continue to take an oral 
diet without the use of a feeding tube [25]. With 
the addition of adjuvant therapy, more patients 
require feeding tube support in the short term, 
and only 70–85% are taking oral diet only [29].

For patients with advanced-stage tonsillar 
cancers, those patients treated with TORS fol-
lowed by adjuvant therapy had significantly bet-
ter swallowing outcomes and MDADI (MD 
Anderson Dysphagia Inventory) scores than 
those patients treated with primary chemoradia-
tion at 6 and 12 months after surgery. This may 
be associated with the decreased dose of radia-
tion given to patients during adjuvant therapy 
after TORS (54  Gy) compared to the average 
dose given during primary chemoradiation ther-
apy (70 Gy) [28].

7.7	 �Limitations

TORS has predominantly been utilized and stud-
ied in early T1–T2 tonsillar cancers. Although 
there are reports of its use in more advanced 
tumors, one of the major benefits of utilizing 
robotic surgery is that it obviates the need for 
complex reconstruction. If the defect size would 
warrant free flap reconstruction, then the func-
tional benefit from performing TORS may be 
more limited. Additionally, although there have 
been reports of TORS used in salvage surgery, 
patients are infrequently candidates for minimally 
invasive robotic surgery following chemoradiation 
therapy due to the extent of recurrence [16].

The management of intraoperative complica-
tions, such as hemorrhage, may be more chal-
lenging in minimally invasive robotic approaches 
compared to open approaches. More large-caliber 
vessels are likely to be encountered in the oro-
pharynx than other sites in the head and neck for 
which TORS is utilized, and the management of 

these vessels has the potential to be more chal-
lenging. In the highly magnified view at the 
robotic console, even small quantities of blood 
can obscure the entire visual field. Despite this, 
surgeons experienced in TORS have been able to 
overcome this limitation using a number of stan-
dard monopolar and bipolar cautery tools, hemo-
stasis clips, and the use of a capable bedside 
assistant [30].

�Conclusion

Since the introduction of TORS into the head 
and neck surgeon’s armamentarium, there has 
been widespread acceptance of its use at many 
institutions and a great deal of research docu-
menting its effectiveness and outcomes. 
Indeed, since 2009, evidence from the 
National Cancer Data Base shows that surgi-
cal rates for oropharyngeal cancer have 
increased significantly after reaching a nadir 
prior to the FDA approval [31]. Among the 
many anatomical areas in the head and neck, 
TORS has been found to be extremely effec-
tive in the oropharynx, where it shows prom-
ise of becoming the treatment of choice and 
may allow for reduction or avoidance of adju-
vant chemotherapy and radiation [32].
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Transoral Robotic Surgery  
for Base of Tongue Cancer

J.K. Rasamny and Jason G. Newman

8.1	 �Introduction

Over the last few decades, there has been a marked 
increase in the incidence of squamous cell cancer 
(SCC) of the tongue base, coinciding with the 
increased prevalence of human papillomavirus 
(HPV) infection. Prior to advancements in the 
field of chemoradiation, these tumors were treated 
surgically either via transoral or open approaches. 
These approaches had several limitations. 
Transoral approaches were technically challeng-
ing due to limitations in visualization and the 
acquisition of hemostasis, frequently resulting in 
incomplete resections. Open approaches were 
looked upon unfavorably due to the relatively 
high morbidity associated with lip split and man-
dibulotomy required for access, in addition to the 
need for tracheotomy and gastrostomy tubes.

Following the results of the VA and ECOG tri-
als in the 1990s, there was a large paradigm shift 
in the utilization of chemotherapy and radiation 
therapy for the treatment of squamous cell cancer 
of the upper aerodigestive tracts. While these tri-
als were designed to demonstrate the efficacy of 
organ preservation therapy in the larynx, the 

results were quickly applied to other head and 
neck subsites. The tongue base and its associated 
malignancies, as much as any other subsite, 
served as an area ripe for the application of 
chemoradiation approaches due to the aforemen-
tioned obstacles associated with surgical resec-
tion. Consequently, chemoradiation was readily 
adopted and applied to treat patients with SCC of 
the tongue base.

Chemoradiation has resulted in equivalent 
oncologic control rates to those of open resection 
techniques [1]. With the success of chemoradia-
tion techniques and the aforementioned chal-
lenges associated with older transoral and open 
techniques, surgery was mostly relegated to 
application in salvage scenarios. In spite of its 
increased utilization, chemoradiation has its 
drawbacks due to significant short- and long-
term toxicities, most notably described in 
Machtay et al.’s review of the RTOG intensifica-
tion trials, with severe late toxicity rates of 43 % 
[2]. HPV-induced SCC tends to occur in younger 
and healthier patients than their historical coun-
terparts whose tumors were due to tobacco and 
alcohol exposure. Additionally, HPV-induced 
SCC has a more favorable prognosis. Both of 
these factors result in longer disease-free survival 
for patients after completing their treatment. As 
such, researchers have focused not only on onco-
logic control but also on functional outcomes and 
long-term sequela of cancer treatments. In this 
setting, researchers have turned back to the appli-
cation of surgery in less invasive approaches to 
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the treatment of tongue base cancers in hopes of 
maintaining excellent oncologic control and 
improving long-term functional outcomes.

Recently, there have been noted innovations in 
minimally invasive approaches to the tongue 
base, including transoral laser and robotic resec-
tions. Technological improvements, particularly 
in the field of transoral robotic surgery, have 
resulted in superior visualization due to innova-
tions in the optics of the endoscopes, tremor fil-
tration, motion scaling, and increasingly agile 
instrument movements [3]. When compared to 
prior open techniques, transoral approaches offer 
several benefits including decreased morbidity, 
decreased blood loss, shorter operative times, and 
decreased hospital stay [4]. The application of 
surgery when compared to chemoradiation dem-
onstrates equivalent oncologic control with sev-
eral studies reporting improved quality of life 
scores and long-term functional outcomes, par-
ticularly pertaining to decreased rates of PEG 
dependency [5, 6]. Consequently, there has been 
a trend in multiple centers nationally toward a 
new algorithm in the treatment of tongue base 
cancer where surgery is applied as the primary 
treatment modality [7].

8.2	 �Surgical Algorithm

The new algorithm of applying surgery up front 
in the treatment of tongue base cancers utilizes 
neck dissection as well as transoral resection of 
the primary lesion. Patients with tongue base 
cancers are first assessed with the in-office 
examination, including a flexible fiberoptic 
examination and palpation of the tongue base 
lesion to assess the extent of the tumor. Accurate 
understanding of the extent of the tumor requires 
cross-sectional imaging modalities including 
contrasted CT scan and MRI in addition to PET 
scans. The authors prefer to apply MRI to the 
assessment of all tongue base lesions given the 
superior soft tissue detail afforded, particularly 
as it relates to the lingual pedicle as well as the 
ability to assess the extent toward the midline of 

the tongue base. After office examination and 
the acquisition of axial imaging techniques, 
patients will frequently undergo a staging endos-
copy under anesthesia, thereby permitting 
assessment of the extent of the primary, confir-
mation of the pathologic diagnosis, and ensuring 
adequate exposure can be obtained to perform a 
transoral resection. Following a staging exami-
nation, the patient can be scheduled for resection 
of both the primary tumor and the draining 
regional lymphatics. While neck dissection is 
beyond the scope of this chapter, surgeons have 
the options of either staged or concurrent neck 
dissection often combined with ligation of the 
external carotid arterial supply to the area of the 
primary. The authors prefer to perform a staged 
neck dissection one to weeks prior to the tran-
soral resection to ligate the feeding arterial sup-
ply which in the case of tongue base lesions 
would include the facial and lingual arteries, as 
well as the superior laryngeal arterial branch 
from the superior thyroid artery which often 
supplies the vallecula.

In 2009, the FDA approved the use of the da 
Vinci robot for resections of T1 and T2 tongue 
base cancers. These cancers are ideal candidates 
for transoral robotic resections. There are onco-
logic, vascular, functional, and patient-specific 
contraindications that must be considered prior 
to resection. Oncologic contraindications include 
T4b disease, fixation to the retro- or parapharyn-
geal tissues, unresectable neck disease, and dis-
tant metastatic disease. Vascular contraindications 
within the tongue base include the need to spare 
the contralateral lingual vascular pedicle. In 
order to preserve swallowing function, tumors 
that extend beyond 50 % of the tongue base are 
considered poor surgical candidates due to the 
risk of future aspiration risks. Finally, patients 
may have their own specific contraindications 
such as trismus that precludes adequate exposure 
and medical comorbidities such as the need for 
anticoagulation which would result in unaccept-
able postoperative hemorrhage risks. If none of 
these conditions exist, then the patient is consid-
ered a candidate for resection.
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8.3	 �Patient Setup

The patients should be intubated by an experi-
enced anesthesiologist often with the use of a 
GlideScope or other fiberoptic approaches as 
injury to the tongue base during intubation may 
result in hemorrhage and an unsafe airway. A 
wire-reinforced endotracheal tube is required that 
should be secured contralaterally; our preference 
is to sew the tube to the contralateral melolabial 
crease to ensure it is not dislodged during the 
resection. The OR table is rotated 180° to allow 
for proper docking of the robot and its arms. 
Adequate eye protection is mandatory to reduce 
the risk of corneal injury. The patient should be 
completely paralyzed. Our preference is to give 
antibiotic prophylaxis with broad-spectrum anti-
biotics that cover anaerobes within the upper 
aerodigestive tract. Our protocol includes the use 
of Unasyn in penicillin-tolerant patients and 
clindamycin in penicillin-allergic patients.

The next step is proper exposure of the pri-
mary. A tongue stitch is applied anteriorly to 
retract the tongue anteriorly and aid in place-
ment of the retractor. For tongue base cancers, 
we prefer the FK-WO retractor, while occasion-
ally the Crowe-Davis retractor may be applied 
instead. Adequate exposure includes visualiza-
tion of an acceptable cuff of tongue base anteri-
orly to ensure a clear margin as well the epiglottis 
to aid in the medial and inferior incisions through 
the vallecula. The retractor must be adequately 

stabilized by a side-arm device. After adequate 
visualization is obtained, the endotracheal tube 
is secured between the contralateral oral tongue 
and the retromolar trigone with a silk suture that 
we keep long and attached to a clamp so it is not 
forgotten about during extubation (Fig. 8.1).

Fig. 8.1  Set up. View from head of bed with 
intubated patient in suspension with robotic arms in 
proper orientation, demonstrating suture securing 
endotracheal tube and tongue suture
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8.4	 �Robot Setup

We typically use the 30° telescope for tongue 
base resections, as it more easily obtains a clear 
view of the anterior and deep margins during the 
resection. Without the 30° scope, surgeons may 
have the tendency to carry their anterior cut too 
superficial and risk transecting the specimen in 
the vallecula. A spatula tip cautery is placed on 
the ipsilateral robotic arm, while the Maryland 
dissector is placed on the contralateral arm. The 
assistant should be outfitted with two metal 
Yankauer suctions to assist in visualization dur-
ing bleeding as well as retraction for exposure. 
The assistant will require both right and left 
curved manual clip appliers with both small and 
medium clips. Finally, a suction Bovie may assist 
in hemostasis.

8.5	 �Intraoperative Details

The following details our approach for resecting 
tongue base tumors; however we recognize that 
some natural variability exists due to individual 
surgeon preference. Our approach has always been 
to perform a standard resection in the same manner 
each time to make the resection easier to replicate 
for training the novice robotic surgeon. While other 
surgeons may approach the resection in a different 
order, the final defect should be identical.

First, an anterior cut is performed along the 
retractor taking care to carry the cut deep into 
tongue musculature. It is important to carefully 
note the extent of the preoperative imaging and 
utilize the excellent optics of robotic system to 
assess that tissue is clear of disease during dissec-
tion through deep tongue muscle (Fig. 8.2).

Fig. 8.2  Exposure. Exposed view of the tongue base 
after proper retractor placement
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Next, the lateral cut is performed through the 
inferior aspect of the tonsil and constrictor with 
the exact location based upon the lateral extent of 
tumor. The incision is carried through to the stylo-
glossus. Next, the styloglossus is divided by ele-
vating the muscle with the spatula tip and grasping 
with Maryland prior to cutting on the Maryland 
with cautery. The lingual artery is identified deep 
and lateral, and several clips are applied; meticu-
lous hemostasis is critical (Fig. 8.3).

Next, the medial cut is performed and carried 
through the midline of tongue base ensuring an 
adequate cuff of mucosa to obtain a clear margin. 
The incision is carried deep into the tongue base 
musculature and taken through to the inferior 
extent of the vallecula at the epiglottis. Finally, the 
posterior incision is made along posterior/inferior 
extent of the vallecular mucosa, often sacrificing 
mucosa along lingual surface of the epiglottis to 
obtain a clear inferior/posterior margin of mucosa. 
As mentioned earlier, exposure is key; as in an 
ideal scenario, the epiglottis will be visualized to 
ensure cut is carried through the vallecular mucosa 
in the proper location so that the malignancy is 
not transected prematurely (Fig. 8.4).

After the specimen has been completely extir-
pated, it is carefully oriented in vivo and carried to a 
side table where it is closely examined by the sur-
geon to assess for a grossly clear margin. If there is a 
close margin on exam, our approach is to apply 

methylene blue to the defect and excise an additional 
cuff of mucosa and deep tongue base muscle.

The specimen is then carried directly to 
pathology where the surgeon orients the speci-
men for the pathologist and observes the inking 
of the margins. The tumor is then incised verti-
cally and horizontally to assess the deep margin. 
If necessary, the surgeon may have to repeat the 
inking of the defect and acquisition of additional 
deep tissue to obtain a clear margin.

Following the resection, attention is turned to 
hemostasis and reconstruction. Throughout the case, 
hemostasis is paramount. It is obtained with use of 
the robotic cautery and clips applied by the bedside 
assistant. Occasionally, suction Bovie electrocautery 
can be helpful as well. The defect is aggressively 
irrigated and Valsalva maneuvers are performed. 
Finally, our preference is to apply a hemostatic 
reagent to the defect; we have had success with 
Arista AH Hemostat®. In terms of reconstruction, 
the tongue base is left to granulate on its own, while 
a small pharyngoplasty may be performed as needed 
with horizontal mattress Vicryl sutures through the 
lateral aspect of the defect to reconstruct the resected 
tonsillar fossa laterally (Fig. 8.5).

Fig. 8.3  Lateral cut. Intraoral representation of location 
of lingual artery after division of styloglossus 
musculature

Fig. 8.4  Medial and posterior cut. Intraoral 
representation of exposed epiglottis with mucosa 
along lingual aspect divided after completing the 
medial incision
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a b

Fig. 8.5  Resection bed and reconstruction. (a) Surgical defect with exposed epiglottis and tongue base margins as well 
as pharyngoplasty completed along inferior tonsillar pole. (b) Excised specimen with labels
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8.6	 �Perioperative Considerations

8.6.1	 �Airway Concerns

Tongue base resections distort anatomy making 
intubation in the postoperative period quite diffi-
cult and dangerous, particularly if accompanied 
by postoperative hemorrhage. As such, our early 
protocol was to keep all tongue base resections 
intubated for 48–72 h postoperatively. Currently, 
patients are being extubated more liberally after 
this procedure, but judicious management is the 
rule. In cases for which we anticipate the patient 
remaining intubated, we remove the robotic arms 
as well as the retractors and perform a direct 
laryngoscopy to place the patient into suspen-
sion. With the patient suspended, we place a 
dual-port endotracheal tube over a 0° endoscope 
prior to removal of the original reinforced endo-
tracheal tube. Once the appropriate location is 
verified, the original tube is removed. The advan-
tage of the new endotracheal tube is the second 
lumen represents a suction port to allow for clear-
ance of the pharyngeal secretions above the cuff 
of the balloon by attaching the suction port to 
wall suction in the postoperative period. This 
obviates the need for nursing or respiratory care 
to perform deep suctioning at the bedside in a 
patient with a healing tongue base defect. Finally, 
a nasogastric tube is placed for enteral access in 
the recovery period. The tube is secured with 
transeptal sutures to decrease the likelihood of 
displacement, as replacement at bedside in the 
freshly operated field is challenging and could 
lead to bleeding. Other centers routinely extubate 
patients postoperatively, and if there is concern 
for progressive airway edema, a tracheostomy 
should be strongly considered.

8.7	 �Postoperative Care

The patient is then transported to the ICU. Our 
protocol in the vast majority of tongue base 
resections is to keep the patient intubated for 

48–72 h postoperatively. The patient is started 
on PCA analgesics and enteral feeding is slowly 
advanced. If the drainage from the suction port 
is minimal, then the patients are extubated and 
observed for a short period in the ICU.  After 
transfer to floor status, they are evaluated by our 
speech and swallow team, typically on POD 3. 
If they pass their evaluation, then oral feedings 
are initiated. The NGT stays in place until the 
patient is adequately able to maintain their 
hydration and pain control with PO intake. The 
typical tongue base resection patient is dis-
charged on POD 4–5. If the choice is made to 
extubate in the OR, patients are closely moni-
tored and allowed to initiate small amounts of 
oral intake in the postoperative period. The 
nasogastric tube is removed when adequate fluid 
intake is achieved.
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Laryngeal Robotic Surgery

James R. Bekeny and Enver Ozer

9.1	 �Background

Laryngeal cancer has seen a variety of treatment 
modalities through history. Originally in a surgi-
cal disease managed by total laryngectomy, 
larynx-preserving treatments evolved with the 
development of partial laryngectomy techniques 
(both open and endoscopic). These partial tech-
niques allow for the maintenance of a unified 
aerodigestive tract through which a patient is able 
to phonate, breath, and swallow. Since the publi-
cation of the Department of Veterans Affairs 
Laryngeal Cancer Study Group results, showing 
patients with advanced laryngeal cancer who 
received chemoradiation therapy had equivalent 
survival to patients treated surgically, and 64% of 
patients were able to preserve their laryngeal 
function for some period of time after surgery 

[1]. Therefore, partial laryngeal surgery and total 
laryngectomy became less commonplace as 
chemoradiation became the favored treatment 
modality for early-stage disease. Initial laryngec-
tomy does tend toward improved survival in 
patients with T4 disease, and generally these 
patients have poor function to begin with and are 
good candidates for laryngectomy [2]. As patients 
who have received chemoradiation are followed 
longer, late complications of chemoradiation 
therapy have been found to be extremely debili-
tating, causing long-term problems with swal-
lowing, breathing, and vocal function. The 
addition of chemotherapy to radiation improves 
survival between 8% and 15% [3], but also 
increases the severity of the functional side 
effects [4]. These effects significantly impact 
patient quality of life, and a significant portion of 
patients ultimately requires total laryngectomy 
for nonfunctional larynx [5]. Therefore, there is 
an increasing interest in minimally invasive par-
tial laryngeal surgery to treat limited disease and 
prevent the need for functionally devastating 
adjuvant treatment.

As for minimally invasive, natural orifice sur-
gery, there are two major treatment modalities for 
the larynx: transoral laser microsurgery (TLM) 
and transoral robotic surgery (TORS). TLM has a 
fairly long history, with descriptions of use for 
laryngeal cancers as early as 2002 [6]. TLM has 
been shown to be successful and equivalent to 
open partial laryngeal surgery in terms of sur-
vival and cure of primary cancer with excellent 
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functional outcomes [7–14]. In TLM, a micro-
scope, laser, and microdissection instruments are 
used to remove tumor through a rigid endoscope. 
Generally the tumor is removed in sections, and 
the margins are evaluated intraoperatively to 
insure clearance of the tumor. TORS for laryn-
geal surgery on the other hand has a more limited 
history. Initial work in 2005  in a canine model 
showed the ability to perform glottic and supra-
glottic procedures with the assistance of the da 
Vinci robot [15, 16]. The first case series of 
supraglottic laryngectomy in three humans was 
published in 2007 by Weinstein et al. [17]. TORS 
differs from laser microsurgery in several regards. 
First, a binocular endoscope provides a high-
definition three-dimensional image of the surgi-
cal field. Second, the wristed action of the 
instruments allows for increased dexterity. 
Furthermore, the robot can reduce tremor allow-
ing for increased precision. These attributes often 
allow the tumor to be completely resected under 
direct visualization. There has been no direct 
study of survival or functional outcomes compar-
ing TLM and TORS. However, these endoscopic 
methods have improved swallowing outcomes as 
compared to chemoradiation therapy [11, 18–22]. 
With transoral robotic resection of the supraglot-
tic larynx, the need for tracheostomy, as standard 
in open partial laryngeal surgery, is avoided. This 
chapter will focus on the current status and future 
of robotic laryngeal surgery.

9.2	 �Anatomical Considerations

The larynx is the gatekeeper to the airway and 
has three important functions. First, the larynx 
must divert solid and liquid boluses from the air-
way and into the hypopharynx. Second, it must 
open to allow air passage during respiration. 
Finally, it must allow contact of mucosal edges to 
generate acoustic vibration during phonation. 
The ultimate goal of partial laryngeal surgery is 
to maintain a unified aerodigestive tract and pre-
serve these three functions. Therefore, patients 
should have an intact glottis with normally func-
tioning vocal cords to be a candidate for TORS 
supraglottic laryngectomy and expect a reason-
able functional outcome. The glottic level is the 
only barrier to aspiration after supraglottic laryn-
gectomy and thus must be preserved.

As with all transoral surgery, the surgeon 
must be familiar with inside-out anatomy when 
performing robotic laryngeal surgery. In this 
chapter, we focus on the supraglottic larynx 
where robotic surgery has proven most useful to 
date. The supraglottic larynx is comprised of the 
laryngeal surface of the epiglottis, the aryepi-
glottic folds, the arytenoids, the false vocal 
cords, and the laryngeal ventricle. The region is 
bound by the vallecula, preepiglottic space, and 
hyoid bone anteriorly, the pharynx and hypo-
pharynx posteriorly, and the true vocal cords 
inferiorly. The anatomical subunit removed in 
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TORS supraglottic laryngectomy includes the 
epiglottis, the preepiglottic space and paraglot-
tic space contents, the aryepiglottic folds, the 
false vocal cords, and the ventricular mucosa. 
Extended approaches can be utilized where a 
small amount of tongue base, limited portions 
of the medial piriform sinus wall, and small 
amounts of arytenoid mucosa can be resected to 
gain adequate margins.

Endoscopic inspection of the supraglottis 
reveals the pharyngoepiglottic fold, through 
which runs the superior laryngeal artery and the 
internal branch of the superior laryngeal nerve as 
seen in Fig. 9.1. This neurovascular bundle pro-
vides the majority of the blood flow and sensory 
input to the supraglottic larynx. Surgical control 
of the artery and its branches with either 
hemoclips or electrocautery is essential to pre-
vent postoperative bleeding complications. In our 
experience, branches of the artery medial to the 
hyoid bone can be controlled with targeted elec-
trocautery alone. Any branches of the superior 
laryngeal nerve should be preserved if possible to 

allow for sensation to the superior glottis to help 
with prevention of aspiration. However, it often 
must be transected to allow for appropriate onco-
logic resection [23].

Fig. 9.1  Endoscopic view of the normal larynx, labeled 
with surface anatomy. base of tongue (BOT); Vallecula 
(V); Petiole (P); false vocal cord (FVC); true vocal cord 
(TVC); arytenoid (A); aryepiglottic fold (AEF); epiglottis 
(E); Anterior commussure (AC); interarytenoid (IA);  
Pyriform sinus (PS); Pyriform epiglottis fold (PEF)
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9.3	 �Preoperative Planning

Through experience with open partial laryngec-
tomy and TLM procedures, guidelines for patient 
selection for transoral supraglottic laryngectomy 
have been developed. The authors have organized 
this into inclusion and exclusion criteria as shown 
in Table 9.1 and Table 9.2 [24]. TORS supraglot-
tic laryngectomy is not necessarily contraindi-
cated in patients with a history of prior radiation 
therapy; however, exposure may be challenging 
secondary to trismus and neck scarring, and tissue 
planes may not be well preserved.

Exposure of the supraglottis is perhaps the 
most challenging portion of a transoral robotic 
supraglottic laryngectomy. There are several 
major commercial retractors for obtaining ade-
quate exposure, namely, the Feyh-Kastenbauer 
retractor, the Fentex Medical LARS retractor, 
and the Medrobotics Flex retractor. The LARS 
and Flex retractors were designed specifically 
for robotic use, whereas the Feyh-Kastenbauer 
retractor predates transoral robotic surgery and 

was modified by O’Malley and Weinstein for 
use in TORS.  Both are adequate and retractor 
selection is ultimately a matter of personal pref-
erence. It is a luxury to have both available to 
optimize exposure in individual patients. 
Placing the operating bed in a slight 
Trendelenburg position may be useful in accom-
modating the robotic arms.

Often when exposure is difficult, the instinct is 
to open the retractor as wide as possible. However, 
experience indicates that increasing the mouth 
opening at the level of the teeth is not helpful in 
better exposing the supraglottic larynx and is in 
fact counterproductive. As the mouth opens wider, 
the tongue blade actually begins to rotate toward 
the posterior pharyngeal wall blocking access for 
the endoscope and robotic arms. The key to expo-
sure is opening the mouth just enough to allow 
entry of the instruments while lifting the tongue 
base forward. As compared to oropharyngeal 
exposure, the angle of the workspace is more par-
allel to the axis of the posterior pharyngeal wall as 
shown in Fig. 9.2.

Table 9.1  Indications for TORS-SGL

T1 or T2 supraglottic carcinoma

Selected T3 supraglottic carcinoma

Preepiglottic space invasion

Ability to preserve 50% of the tongue base with an 
oncological resection

Mobile vocal cords

Minimal piriform sinus involvement

Ability to achieve adequate transoral exposure of the 
tumor and its margins

Table 9.2  Contraindications for TORS-SGL

Vocal cord fixation

Bilateral arytenoid cartilage involvement

Thyroid or cricoid cartilage involvement

Anterior or posterior commissure involvement

Poor pulmonary reserve (FEV1/FVC <50%)
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Fig. 9.2  Positioning of the robotic arms for TORS supra-
glottic laryngectomy differs as compared to oropharyn-
geal surgery. The angle of approach is less steep as 
demonstrated in this diagram. The dotted line represents 
the long access of the patient’s body. The dashed line rep-

resents the steep trajectory utilized for oropharyngeal 
TORS with a 0° endoscope. The solid line demonstrates 
the more gradual angulation of the robotic arms used to 
access the supraglottis and visualize this area with the 30° 
endoscope
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9.4	 �Procedural Considerations 
for TORS Supraglottic 
Laryngectomy

Transnasal intubation is preferred for supraglot-
tic laryngectomy, as this allows the tube to lie 
along the posterior pharyngeal wall. A reinforced 
or laser safe tube may be considered to decrease 
risk of violating the tube with the electrocautery. 
The fraction of inspired oxygen should be kept at 
or below 30% to prevent airway fires while elec-
trocautery is being utilized. Intraoperative airway 
dose steroids (i.e., 10 mg dexamethasone IV) are 
given to help reduce edema.

An articulating Bovie, a Maryland dissector, 
and an anteriorly facing 30-degree endoscope are 
the most commonly utilized instruments for this 
procedure. An assistant at the head of the bed, as 
seen in Fig. 9.2, utilizes two Yankauer suctions to 

evacuate smoke, secretions, and blood, while 
also providing additional tissue retraction as 
needed.

The preferred retractor is placed carefully into 
the oral cavity, using caution to prevent damage 
to the teeth and lips. Once the retractor is in place, 
the 30-degree endoscope can be used to check the 
exposure before docking the robot.

Once exposure is adequate, the robot is docked 
and the arms are positioned. The Bovie and the 
Maryland dissector may need to be switched at 
some point through the case to prevent crossing 
of the robotic arms and to provide adequate tissue 
retraction.

Some authors have advocated splitting the 
supraglottic laryngectomy specimen and begin 
the procedure by dividing the epiglottis down the 
midline. With adequate exposure, the authors 
advocate for an en bloc resection.
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9.5	 �Step-by-Step TORS 
Supraglottic Laryngectomy

A case example is given here to demonstrate the 
steps of a TORS supraglottic laryngectomy. 
Figure 9.3 demonstrates the preoperative in office 
endoscopy showing a supraglottic tumor on the 
laryngeal surface of the epiglottis. Figure 9.4 
shows the step-by-step procedure with corre-
sponding commentary below.

Image 1 Robotic exposure of the supraglottic lar-
ynx is shown here. The tongue blade is placed 
in the vallecula holding the tongue base for-
ward. The ulcerative lesion can be seen on the 
laryngeal surface of the epiglottis. A rein-
forced endotracheal tube is utilized to prevent 
damage to the tube and decrease risk of air-
way fire

Image 2 Prior to making mucosal incisions, the 
tumor is inspected under 3D HD visualization 
to verify candidacy for TORS supraglottic lar-
yngectomy. Demonstrated here the right ary-
tenoid complex and true vocal cord are 
visualized to ensure they are free of tumor. 
Other key areas to examine include the ante-
rior commissure, the vallecula, and the contra-
lateral arytenoid and true vocal cord

Image 3 The right-sided mucosal incision is 
made in the vallecula and toward the tongue 
base, cutting toward the tongue blade. As this 
area is traversed, the branches of the superior 
laryngeal neurovascular bundle may be 
encountered. Generally the bleeding can be 
controlled with electrocautery when these 
vessels are transected medial to the hyoid 
bone. Any large vessels should be controlled 
with hemoclips applied transorally

Image 4 A similar mucosal incision is made in the 
contralateral lateral vallecular region and onto 
the tongue base. This incision is deepened 
down and carried forward including a small 
cuff of tongue base anterior to the vallecula

Image 5 Dissection is carried on in an anterior 
direction, almost cutting upward and beyond 
the tip of the tongue blade as shown here. The 

internal surface of the hyoid bone should be 
identified. The hyoid can be identified by pal-
pation of the tissue with the robot. This results 
in mass movement of the entire hyoid bone, 
making a bilateral mass movement that is dis-
tinct from the movement seen when palpating 
soft tissue alone. Transcervical palpation can 
also aid in identification of the hyoid bone. 
Note that the tongue blade can push the hyoid 
bone anteriorly, and the hyoid will not be 
encountered with dissection, as it will be on 
the other side of the retractor. Adjusting the 
retractor to release the hyoid bone may be 
necessary

Image 6 Here the two vallecular cuts have been 
joined in the midline. Dissection has been car-
ried down to reveal the superior border of the 
thyroid cartilage. Again, palpation is useful in 
identifying this landmark. At this point, the pre-
epiglottic contents are removed off of the inter-
nal aspect of the thyroid cartilage. Dissection is 
carried only partially inferiorly in this region to 
prevent disruption of the anterior commissure

Image 7 With the anterior attachments released, 
dissection focuses on the posterior aspect 
attachments. In this example, the lesion was 
essentially midline; however, it is generally 
best to start on the side with the least amount 
of disease. As the procedure continues, the 
exposure of the contralateral side will improve 
allowing for better determination of adequate 
margins

Image 8 Here the aryepiglottic fold is being tran-
sected just anterior to the arytenoid complex. 
Small portions of the superior arytenoid and the 
arytenoid mucosa can be resected to gain ade-
quate margins. At times, extension of these cuts 
onto the medial wall of the piriform sinus and 
removing some of this mucosa may be 
necessary

Image 9 The paraglottic space contents and false 
cords are released from their posterior attach-
ments near the arytenoid, and the ventricle is 
identified. Here the posterior aspect of the 
laryngeal ventricle is being entered. Anterior 
to the Bovie tip, a small hole in the false cord 
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can be seen showing the ventricular space and 
the true vocal cord lying below

Image 10 The dissection is then carried forward 
toward the anterior commissure, releasing all of 
the paraglottic space contents on the right. The 
anterior commissure is checked carefully again 
to ensure the disease is completely cleared

Image 11 The petiole region is divided and the 
contralateral vocal cord is now visible. 
Anterior attachments are divided at the level 
of the laryngeal ventricle. Placing the tip of 
the electrocautery in the ventricle and cutting 
upward through the false cord, while ensuring 
no contact with the true vocal cord below, can 
be a useful maneuver to release this area

Image 12 Now the posterior cuts are made on the 
contralateral arytenoid region. Here a mucosal 
incision from the posterior ventricle along the 
anterior surface of the arytenoid is made leav-
ing the arytenoid and its mucosa intact

Image 13 The remaining lateral attachments of 
the paraglottic space contents, false cords, and 
ventricular mucosa are released

Image 14 The specimen is nearly free at this 
point and the uninjured vocal cord can be seen 
deep to the ventricle

Image 15 The assistant grasps the tip of the epi-
glottis to remove the supraglottis en bloc. The 
orientation of the lesion is noted prior to 
removal from the pharynx. The specimen 
should be immediately oriented with sutures 
or surgical clips once it is removed

Image 16 The final defect shows the bilateral true 
vocal cords and preserved arytenoids with 
absent false cords and the surrounding para-
glottic tissues. The anterior commissure is 
preserved without injury

Following removal of the specimen, margins 
may be taken from the specimen itself or from 

the surgical bed. Taking adequate tissue and pre-
venting char are critical in margin analysis. Often 
standard cupped forceps can be utilized to take 
samples from the margins and prevent further 
cautery artifact. The surgical site is then irrigated 
copiously and complete hemostasis is achieved.

Fig. 9.3  Preoperative endoscopy demonstrating an ulcer-
ative lesion on the laryngeal surface of the epiglottis. 
Preoperative evaluation consists of careful inspection of 
the lesion to determine candidacy for supraglottic laryn-
gectomy. The arytenoids, aryepiglottic folds, vallecula, 
tongue base, piriform sinuses, anterior commissure, and 
true vocal cords. Here there is ulceration extending to the 
tip of the epiglottis from the laryngeal surface; however, 
the lingual surface, vallecula, and tongue base are clear. 
The disease is contained within the limits of the aryepi-
glottic folds and extends toward the anterior commissure, 
but on closer inspection (not shown here), there was ade-
quate margin between the lesion and the commissure
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Fig. 9.4  Step-by-step TORS supraglottic laryngectomy intraoperative photos. See text for descriptions of each step 
depicted
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Fig. 9.4  (continued)
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9.6	 �Postoperative 
Considerations

Patients are generally able to be extubated in the 
operating room; however, delayed intubation 
may be considered if the surgeon has concern for 
airway obstruction postoperatively. Following 
recovery from anesthesia, patients are transferred 
to a monitored unit. Emergency airway equip-
ment should be readily available. Dexamethasone 
can be given at an interval of every 6–8 h to assist 
with airway edema during the first 24–48  h. 
Three days of antibiotics and 6 weeks of proton 
pump inhibitors are prescribed during the postop-
erative phase. The speech and swallow therapy 
team sees the patient on postoperative day one, 
and a bedside swallow evaluation is conducted, 
and the diet is advanced as tolerated. The major-
ity of these patients are able to resume adequate 
nutrition transorally and a nasogastric tube is not 
required.

Patients are discharged from the hospital once 
they achieve adequate nutrition either orally or 
via nasogastric tube, vital signs are stable, and 
pain is controlled. Average hospital stay at the 
author’s institution is 4 days [18, 24].

9.7	 �Complications of TORS 
Supraglottic Laryngectomy

Complications arising from TORS supraglottic 
laryngectomy are no different than other TORS 
subsites. Airway compromise and bleeding are 
two major immediate postoperative concerns, 
and they should be managed as in other subsites. 
Acute airway compromise warrants reintubation. 
Bleeding patients should be intubated or have a 
tracheostomy performed to protect the airway. 
Bleeding should be controlled in the operative 
setting using electrocautery and hemoclips as 
indicated. Endovascular or open control of cervi-
cal blood vessels may also be indicated if tran-
soral control cannot be obtained. Late 
complications include dysphagia, dysphonia, and 
laryngeal stricture. Dysphagia and dysphonia are 
managed conservatively with the use of speech 
and swallow therapy. Laryngeal stricture may 

require revision surgery with lysis of adhesions. 
During the initial procedure, care should be taken 
to prevent violation of opposing mucosal sur-
faces to prevent adhesive scarring. The anterior 
and posterior commissures are most prone to this 
type of scarring.

9.8	 �Outcomes of TORS 
Supraglottic Laryngectomy

Robotic supraglottic laryngectomy is now a stan-
dard TORS procedure, although compared to 
oropharyngeal TORS, there is substantially less 
data. Ozer et  al. published a case series of 13 
patients who underwent TORS supraglottic lar-
yngectomy demonstrating safety and good func-
tional outcomes. All 13 patients were able to be 
resected to negative margins and 11 were able to 
tolerate an oral diet within 24  h [18]. Survival 
data in this population is limited, with Olsen first 
reporting a 2-year disease-specific survival of 
88% in 9 patients [25] and Mendelsohn et  al. 
reporting 2-year survival data in 18 patients 
(local regional control 83%, disease-specific sur-
vival 100%, overall survival 89%) [19]. Park 
et al. showed a 2 year disease-free survival rate of 
91%. These patients were matched to a cohort of 
patients who underwent open supraglottic laryn-
gectomy, and the TORS group demonstrated ear-
lier oral feeding, decreased time to decannulation, 
and decreased hospital stay [26]. Factors predic-
tive of difficulty with swallowing include being 
male, patients with T3 tumors, postoperative 
vocal fold hypomobility, or undergoing simulta-
neous neck dissection [19]. These results suggest 
that TORS supraglottic laryngectomy is a valu-
able tool for managing patients with supraglottic 
tumors and warrants continued study.

9.9	 �Frontiers in Laryngeal TORS

Several other robotic laryngeal procedures other 
than supraglottic laryngectomy have been 
described in the literature. These include cordec-
tomy and the removal of an assortment of benign 
laryngeal lesions [27, 28, 29]. Perhaps the most 
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intriguing newly described procedure is the 
robotic-assisted total laryngectomy. Smith et al. 
published a multi-institutional series of seven 
patients who underwent attempted transoral 
robotic laryngectomy [30, 31]. Five of the proce-
dures were completed successfully, while two 
required conversion to a standard open approach. 
The authors suggest that this procedure might be 
particularly valuable in surgical salvage patients 
and in patients with nonfunctional larynx after 
radiation therapy. The limited dissection is 
thought to potentially lead to fewer wound heal-
ing complications. Further study is required 
before this technique will become widely 
endorsed. A description of the procedure can be 
found in the original articles [18, 19].

�Conclusion

TORS laryngeal surgery is a useful tool for 
patients with laryngeal disease. Supraglottic 
laryngectomy has become a standard proce-
dure for patients with limited supraglottic dis-
ease. To date, the results indicate equivalent 
local control and survival to other standard 
approaches. Outcomes also suggest acceptable 
morbidity of the TORS approach. The future 
role of robotic laryngeal surgery may include 
robot-assisted total laryngectomy. As technol-
ogy improves and new robotic systems are 
developed, the ability to perform intricate tasks 
within the larynx will likely expand our abili-
ties to better treat glottic and subglottic lesions.
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Robotic Thyroidectomy

Naomi Rabinovics, Raphael Feinmesser, 
Patrick Aidan, and Gideon Bachar

10.1	 �Introduction

It was in the nineteenth century when Kocher 
developed and refined the classical cervical thy-
roidectomy; however, it has remained almost 
unchanged since [1]. The cervical approach has 
been proven as highly reliable and relatively fast 
but unfortunately leaves an obvious scar in the 
anterior cervical region. In recent years, advances 
in surgical instrumentation have introduced the 
minimally invasive thyroid surgery. The endo-
scopic thyroid surgery, popularized by Miccoli 
from Italy (the minimally invasive video-assisted 
thyroidectomy (MIVAT)), resulted in less mor-
bidity and smaller surgical scars [2]. However, 
the endoscopic cervical approach is relatively 
challenging due to the use of straight and rigid 
instruments with no articulations. Moreover, the 
neck is a very confined space to use CO2 insuffla-
tion, with risk of PaCO2 elevation, subcutaneous 
emphysema, and air embolism [3].

The non-cervical, remote-access approaches 
were developed primarily due to cosmetic con-
cerns and unfavorable scarring, particularly in 

certain ethnic groups, and the aversion to neck 
scars in the Asian culture [4]. The transaxillary 
endoscopic thyroidectomy was first introduced 
by Ikeda et al. in 2000 [5].

With the introduction of the da Vinci robot 
(Intuitive Surgical, Sunnyvale, CA, USA), sur-
geons have implemented its advantages to thy-
roid surgery. In late 2007, Chung and his team 
from Seoul started implementing the robotic-
assisted transaxillary thyroid surgery (RATS) and 
introduced it in 2009 [6, 7]. This approach was 
described later, in 2011  in the USA, by 
Kuppersmith and Holsinger, where body habitus 
is considerably different than that of the Asian 
population [8]. Originally, the RATS was per-
formed with two incisions (axillary and anterior 
chest wall), but later a modification using only a 
single axillary incision was described [5]. Since 
2008, thousands of RATS procedures have been 
performed worldwide, almost half of those in 
South Korea [9]. Among the other robot-assisted 
thyroidectomy (RT) approaches, the transaxillary 
became the most popular.

Since the RATS was introduced, it has gained 
much interest worldwide with several teams pub-
lishing their initial successful experience [10]. 
However, since the conventional approach has 
long been proven to be safe and effective, some 
surgeons are hesitant regarding the clinical use of 
robotic thyroid surgery [11]. Robotic thyroidec-
tomy remains controversial, especially in North 
America, where the FDA has revoked the 
approval on robotic thyroidectomy in 2011 [10].
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Several criteria for candidates to RATS 
were described, but there are no standard selec-
tion criteria [12]. Recommended absolute con-
traindications are previous neck surgery or 
radiation, retrosternal thyroid extension, and 
advanced thyroid disease (invasion of the tra-
chea, esophagus, distant metastases). Relative 
contraindications include patient comorbidi-
ties, advanced age, obesity, very large goiters, 

well-differentiated carcinomas with a diameter 
larger than 2  cm, lateral neck metastases, 
and known ipsilateral shoulder dysfunction 
[5, 13, 14].

During the same period the RATS was intro-
duced, multiple other remote-access robot-
assisted thyroidectomy approaches were 
described. This chapter will discuss the more 
widely described RATS approach.
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10.2	 �Transaxillary Approach: 
Surgical Technique

�The RATS can be  divided into  three surgical 
stages

10.2.1	 �Working Space

The surgery is performed under general anesthesia. 
The use of an endotracheal tube with laryngeal 
nerve monitoring is recommended.

The dissection area is outlined by anatomical 
landmarks. The axillary incision is defined in its 
inferior border by a horizontal line, from the ster-
nal notch, and the superior border—by an oblique 
line—at a 60° angle from the thyroid notch. The 
incision itself is performed in the anterior axil-
lary line (Fig. 10.1).

The axillary incision may be marked, while 
the patient is sitting, with the arms relaxed in a 
neutral position, to verify it is well camouflaged.

Following anesthesia, the patient is placed in a 
supine position with the neck mildly extended. 
The patient’s arm is placed in an extended posi-
tion over the forehead, with the elbow flexed at 
90° (Fig. 10.1). The arm should be carefully 
rotated and padded. Eye protection should be 
applied to avoid any injuries from the robotic 
arms during surgery.

Following the axillary incision (5–6  cm), a 
subcutaneous dissection is performed and carried 

superficial to the pectoralis major muscle, to the 
direction of the clavicle. At the sternoclavicular 
joint, the sternal and clavicular heads of the ster-
nocleidomastoid muscle are identified. The dis-
section then continues between these two heads, 
at which point the strap muscles are identified 
and deeper to it, the thyroid gland. Care should 
be taken during this step to avoid injury to the 
internal and external jugular veins. At this point, 
a retractor is inserted to elevate the skin flap, 
thereby creating a tunnel from the axilla to the 
thyroid gland (Fig. 10.2).

10.2.2	 �Docking of the Robot

The da Vinci cart is positioned in the contralateral 
side, while the robotic arms extend over the patient. 
The three arms and the camera are inserted through 
the axillary incision and along the working space 

Fig. 10.1  Ipsilateral hand 
position: extended over 
the forehead, elbow flexed 
at 90°

Fig. 10.2  View of working space after retractor insertion

10  Robotic Thyroidectomy
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(ProGrasp forceps, harmonic shears, and Maryland 
dissector). The correct alignment of the robotic 
arms within the tunnel is crucial to avoid collision 
of the robotic arms inside the working space, dur-
ing the console time. The recommended alignment 
of the robotic arms is with the forceps used for 
retraction at the top of the working space, the 
Harmonic scalpel (Harmonic ACE® curved shears) 
on the inferior cephalad side, the dissector on the 
inferior caudal, and the camera in the middle infe-
rior of the surgical field. The assistant may further 
retract the strap muscles using the suction 
catheter.

10.2.3	 �Robotic Thyroidectomy 
(Console Time, Figs. 10.3–10.10)

The thyroidectomy is performed in the classical 
order: first, dissecting the superior pole off the 
cricothyroid muscle, using the harmonic shears, 
and safely transecting the superior thyroid ves-
sels close to the gland as to avoid external branch 
of SLN injury; second, the thyroid lobe is 
retracted medially in order to expose the parathy-
roid glands and the recurrent laryngeal nerve 
(RLN). After ligating the inferior thyroid vessels 
and identifying the trachea, further mobilization 
is achieved, and further medial dissection is car-
ried out while carefully preserving the RLN. The 
lobe is carefully dissected from Berry’s ligament 
and extracted through the axillary incision. Saline 
irrigations may assist in preventing thermal 
injury to the RLN from the harmonic shears. A 
clip demonstrating the robotic hemithyroidec-
tomy is attached.

A total thyroidectomy is performed via the 
same axillary incision used for the ipsilateral 
lobe. The decision regarding which lobe to dis-
sect first should not differ from the cervical 
approach where the surgeon would usually favor 
resecting the larger lobe or nodule side first. The 
axillary incision should be performed ipsilateral 
to that lobe, and the resection should be carried 
out in the same fashion detailed above, before 
attempting to resect the contralateral lobe. After 
the extraction of the ipsilateral lobe, the assistant 
should retract the trachea downward, while the 
superior pole of the contralateral lobe is retracted 
upward using the ProGrasp forceps. The deep 
aspect of the lobe is then dissected away from the 
trachea using the harmonic shears. It should be 
noted that the contralateral RLN is not easily 
visible as is the ipsilateral one so care must be 
taken to avoid injury.

Some surgeons advocate removing the thy-
roid with an endo-bag as to avoid any tissue 
spillage. Lastly, a drain is placed in the thyroid 
bed [12, 15].

10.2.4	 �Advantages of RATS

The most considerable advantage of RATS over 
conventional cervical thyroidectomy is that 
it avoids any cervical incision. This cosmetic 
aspect makes RATS appealing especially to 
young female patients, which is the majority of 
the patient population, and those with a tendency 
toward keloid or hypertrophic scar formation. 
An example of an axillary scar can be seen in 
Fig. 10.3.
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Fig. 10.3  Postoperative axillary scar (Contributed by Dr. 
Patrick Aidan, The American Hospital in Paris, France)

Fig. 10.4  Dissection of the superior pole of the thyroid 
lobe with the harmonic scalpel. General view (land-
marks): left thyroid lobe, trachea, internal jogular vein 
(blue hue at the bottom), Omohyoid muscle retracted at 
the right and bottom of photo, Cricothyroid muscle at the 
top right

Fig. 10.5  Dissection of the inferior pole of the thyroid 
lobe with the harmonic scalpel while lobe is retracted 
upwards by the prograsp

Fig. 10.6  RLN is visible and stimulated by the nerve 
stimulator for verification

Fig. 10.7  Once the RLN has been identified, carefull dis-
section of the thyroid lobe off the trachea is performed 
using the harmonic scalpel

Fig. 10.8  Separating the isthmus
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Fig. 10.9  The disconnected lobe is removed through the 
axilla

Fig. 10.10  View s/p hemithyroidectomy: trachea and 
isthmus of contralateral lobe

The RATS has some major technical advan-
tages. First, the robotic camera provides three-
dimensional high-resolution visualization, which 
enables an easier identification of the RLN and 
parathyroid glands compared to the cervical 
approach; second, the robotic arms eliminate the 
natural surgeon tremor; and, third, it provides a 
wider range of motion through the robot’s 
EndoWrist and the articulations of the arms. In 
addition, the improved visualization and surgical 
ergonomics have been reported to reduce muscu-
loskeletal discomfort to the surgeon compared 
with open or endoscopic surgery [7].

Lastly, with regard to patients’ quality of life, 
RATS was found to yield better patient outcomes, 
including reduced pain and increased cosmetic 
satisfaction, as well as lower rates of paresthesia 
over the neck, postoperative voice change, and 
swallowing discomfort [16, 17].

10.2.5	 �Disadvantages of RATS

This relative new approach to the thyroid gland, 
in terms of the surrounding anatomy and the loss 
of tactile sensation, may expose the patient to 

potential new complications such as tracheal, 
esophageal, or brachial plexus injury. Very few 
studies accounted for such complications, with 
minimal attention to the conversion rate to open 
thyroidectomy. Due to the ipsilateral arm posi-
tion, there is a risk of brachial plexus neuropa-
thy. This risk can be reduced by placing the arm 
in a flexed overhead 90° position, thereby reduc-
ing the chance of stretching the nerves. Care 
must be taken to avoid local pressure from the 
robotic arm. Intraoperative neurophysiological 
monitoring of the ulnar, radial, and median 
nerves may further reduce the possibility of bra-
chial plexus injury, by identification of any 
impending damage to these nerves and enabling 
the patient to be repositioned as needed [18]. 
Intraoperative monitoring has shown to decrease 
rates of hypoesthesia and pain and improve 
shoulder movement, as well as higher quality of 
life, in the early postoperative period [19]. 
Despite the benefits of intraoperative monitor-
ing, it is not obligatory in RATS.

Another disadvantage of RATS is the longer 
operative time mainly due to the extra time 
needed for the creation of the working space 
and the robot docking. In different studies, it is 
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assessed as 1.5–3 times compared to the cervi-
cal approach. However, several studies have 
examined the learning curves of the RT and 
have shown that increased experience led to 
decreased total operative time [1]. RATS 
involves a relatively challenging learning 
curve, compared to the conventional approach. 
However, it has been demonstrated that RT 
required 35–40 procedures, much lower com-
pared to the endoscopic approach [7]. Park 
et al. examined the learning curves of surgeons 
with little or no experience, performing trans-
axillary RT on 125 patients. They showed 
excellent results compared to those in a larger 
series of more experienced surgeons and, spe-
cifically, that the operation times gradually 
decreased, reaching a plateau after 20 proce-
dures [20]. Another disadvantage of RATS is 
the limitation in the body habitus and 
BMI. With RATS, the working space dissection 
is relatively more challenging in obese patients 
(BMI >30). However, it has been demonstrated, 
and per the authors’ experience, that in skilled 
hands, the body habitus limitation is irrelevant 
[21, 22].

In terms of economic considerations, RT is a 
more expensive procedure compared to open thy-
roidectomy, primarily due to the cost of the 
equipment (da Vinci robot itself and periodic 
maintenance of the robotic arms), staff training, 
and longer operative time. However, RT actually 
eliminates the need for an additional surgical 
assistant, and, combined with the potentially 
shorter hospital stay and the expected decrease in 
the maintenance cost of the robot, this may lower 
the costs of the procedure.

10.3	 �RATS Experience

RATS is being practiced mainly in South Korea and 
Asia and, to a smaller extent, in Europe and North 
America. With the rising popularity of RT, several 
meta-analyses were conducted in order to examine 
both the surgical and oncological safety of RT com-
pared to conventional and endoscopic approaches.

In 2015, Kandil et al. summarized 18 studies, 
including 4878 patients, and concluded that RT 
was associated with longer total operative time 
(mean difference 43 min) and had similar risks of 
total postoperative complications and similar 
oncological results [23].

Another meta-analysis published in 2014 by 
Jackson et al. [1] summarized a total of nine stud-
ies with 2881 patients, 1122 of whom underwent 
RT.  They conclude that RT is as effective as 
endoscopic and open thyroidectomy, with equiv-
alent postoperative results, shorter hospitaliza-
tion, and higher patient satisfaction. Several other 
meta-analyses with overall 1000–3000 patients 
demonstrated similar results, in addition to lower 
blood loss and lower level of swallowing impair-
ment [16, 24–26].

Lee et al. have also published their experience 
with 2014 patients who underwent RATS, with a 
low complication rate of 1% for major complica-
tions (e.g., permanent RLN or brachial injury, 
conversion to open thyroidectomy) and 19% for 
minor ones (transient hypocalcemia, seroma, 
etc.). Interestingly, this group also found that in 
terms of the surgeon’s musculoskeletal ergo-
nomic parameters, RATS resulted in less neck 
and back discomfort than did the endoscopic or 
open thyroidectomy [7].
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One of the relative contraindications of RATS 
is Graves’ disease, due to the usually large-
volume thyroid glands and hypervascularity. 
However, some surgeons have already reported 
their successful experience with Graves’ patients 
showing similar complication rates, blood loss, 
and hospital stay [27, 28]. The largest European 
experience from Paris, France, with over 350 
robotic thyroidectomies and neck dissections, is 
also very promising with low complication rates. 
Interestingly, almost 60% of their RT involved 
large-volume thyroid glands (over 20 mL) [29]. It 
should be noted that all patients received potas-
sium iodide preoperatively.

In skillful hands, RATS can be feasible and 
safe for patients with large-volume thyroid glands 
such as Graves’ and MNG patients.

10.4	 �RATS in Papillary Thyroid 
Carcinoma

The incidence of thyroid cancer is gradually 
increasing worldwide, and in accordance with 
that, the proportion of papillary thyroid microcar-
cinomas. Since early-stage PTC has an excellent 
prognosis with minimal mortality and low recur-
rence rates, the patients’ quality of life issues, 
including cosmetic concerns, play a major role 
[9, 19].

In 2011, Lee et al. published their experience 
with RT on 1043 patients with low-risk well-
differentiated thyroid carcinoma. They showed 
that the RATS was feasible and offered outcomes 
similar to conventional and endoscopic thyroid-
ectomies [30]. Another study published recently 
explored the efficacy of RATS in North American 
population with thyroid cancer, compared to the 
conventional approach—they found similar 
operative times and blood loss, with negative 
margins for malignancy and similar thyroglobu-
lin levels [3].

Ban et al. have described the surgical compli-
cations in their experience of 3000 patients who 
underwent RT for thyroid cancer. Hypocalcemia 
was the most common complication, 1% perma-
nent; permanent RLN injury, 0.27%; tracheal 
injury, 0.2%; carotid artery injury, 0.03%; skin 

flap injury, 0.1%; and brachial plexopathy, 
0.13%. The mortality rate was 0% [31]. Male 
gender, overweight BMI, a large thyroid gland, 
and coexistent thyroiditis are factors that were 
found to adversely affect the surgical outcome 
of RT in DTC cases, namely, longer operative 
times [9].

The resection of the contralateral thyroid lobe 
in total thyroidectomy is surgically challenging via 
a single axillary incision. Therefore some sur-
geons doubted the surgical completeness of the 
procedure. A recently published meta-analysis 
compared the surgical completeness and oncologi-
cal outcome between RT and conventional open 
thyroidectomy (OT) in low-risk DTC. Ten studies 
were analyzed, including 752 patients who had RT 
and 1453 patients who had OT. RT was associated 
with fewer central lymph nodes retrieval and less-
complete resection (based on Tg levels), compared 
to OT, probably due to residual tissue in the con-
tralateral side. Nevertheless, no locoregional 
recurrence was found in the RT group; therefore, 
the authors concluded that using RT was unlikely 
to compromise the outcomes of low-risk DTC 
[10]. Other studies and meta-analyses investigated 
the completeness of the thyroidectomy, comparing 
it to conventional thyroidectomy using stimulated 
thyroglobulin levels, RAI uptake, and postopera-
tive sonography. These studies ultimately demon-
strated that the surgical completeness of RT is 
comparable to conventional thyroidectomy, if per-
formed by experienced surgeons [32–36].

Some criticism arose regarding the oncologi-
cal assessment of RT in thyroid cancer due to the 
relatively short follow-up period in most studies, 
compared to the long-term risk of recurrence in 
these tumors. In addition, some argued against 
bias as the RT procedures were performed mainly 
for microcarcinomas and other early-stage thy-
roid cancers. To address these issues, the South 
Korean team recently compared longer-term 
oncologic outcomes (over 5 years after surgery), 
in patients who underwent robotic (245 patients) 
or conventional total thyroidectomy (494 
patients) and central neck dissection for PTC. To 
avoid selection bias, the groups were matched for 
age, gender, tumor size, extrathyroidal invasion, 
multiplicity, bilaterality, and TNM stage. They 
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found similar serum thyroglobulin (Tg) and anti-
thyroglobulin antibody (TgAb) levels. Nine 
patients experienced locoregional recurrence, six 
in the conventional group and three in the robotic 
group, with all recurrences in regional LNs. 
Disease-free survival was similar [37].

A newly reported use of the RATS for modi-
fied radical neck dissection (MRND) suggests 
that the precise movements and magnified 3D 
vision enable a meticulous and safe dissection 
with recovery of similar numbers of lymph nodes 
as an open procedure with similar recovery of 
neck and shoulder disability [35, 38].

10.5	 �Other Robotic 
Thyroidectomy Approaches

Alternate robotic remote-access thyroidectomy 
approaches were also described in recent years. 
These included the bilateral axillo-breast 
approach (BABA), currently performed mainly 
in Korea with successful outcome [39]; transoral 
and infraclavicular approaches, with very limited 
experience in humans [40, 41]; and the facelift 
approaches.

The robotic facelift, or retroauricular thyroidec-
tomy, was first introduced by Terris in 2011. It was 
developed to overcome the concerns and complica-
tions of robotic axillary thyroidectomy, namely, 
brachial plexus injury and anterior chest wall dis-
comfort, and to adjust the procedure to the western 
population. It presents a growing body of evidence 
supporting its feasibility and safety [42, 43].

�Conclusions

RATS has gained much popularity in recent 
years, mainly in Asia and Europe. It is consid-
ered an oncologically and surgically safe 
alternative to cervical thyroidectomy, with 
increased patient satisfaction. RATS should be 
performed in high-volume centers, by skilled 
surgeons, and presented to suitable patients, 
especially those with aesthetic concerns; with 
increasing experience and improvement in the 
robotic technology, the indications for RATs 
will continue to expand.
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Single-Port Transaxillary Robotic 
Parathyroidectomy
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Surgical steps

	 1.	 Preoperative considerations
	 2.	 Informed consent
	 3.	 Patient positioning
	 4.	 Surgical equipment
	 5.	 Transaxillary access to the neck
	 6.	 Preparation of the robotic field
	 7.	 Robotic surgery
	 8.	 Postoperative care and follow-up
	 9.	 Surgical complications
	10.	 Mentoring and proctorship

11.1	 �Preoperative Considerations

As with all surgical operations, patient selection 
is paramount. Prior to offering the approach to a 
patient, a multidisciplinary evaluation with an 
endocrinologist and radiologist is mandatory. 
This is to confirm the presence of primary 
hyperparathyroidism (pHPT), localize the ade-
noma, and exclude conditions such as vitamin D 
deficiency or familial hypocalciuric hypercalce-

mia (FHH) which do not require surgical inter-
vention [1].

Single-port transaxillary robotic parathyroid-
ectomy (RP) constitutes an advanced remote-
access targeted parathyroidectomy approach. 
When considering the indications, the approach 
is an option when a single adenoma has been 
clearly identified and there is concordance 
between different imaging modalities. To mini-
mize the risk of failure and need for revision sur-
gery, we advocate triple modality concordance 
using ultrasonography, sestamibi scintigraphy, 
and single-photon emission computed tomogra-
phy (SPECT-CT).

Adenoma size is not a limitation nor is ade-
noma location. With the exception of giant para-
thyroid adenomas that are exquisitely rare, 
parathyroid adenomas are usually relatively 
small [2]. Ectopic parathyroid adenomas located 
in the mediastinum and retropharyngeal space 
have also been successfully removed using the 
robotic technique. However, access to these loca-
tions is not the same (thoracoscopic and transoral 
routes, respectively) and beyond the scope of this 
chapter [3–7].

Other important considerations prior to offer-
ing RP include body habitus, comorbidities, and 
patient psyche. A list of contraindications to RP 
is presented in Table 11.1.G. Garas, BSc, MBBS, MRCS, DOHNS (*)  
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Table 11.1  Contraindications to single-port transaxil-
lary robotic parathyroidectomy

Obesity (BMI >30 kgm−2)

Large ipsilateral goiter

Previous surgery to the neck

Previous radiotherapy to the neck

Important co-comorbidity (ASA>2)

Suspicion of parathyroid carcinoma

Ipsilateral acromioclavicular osteoarthritis

The ideal RP patient would be slim with a pre-
operatively localized parathyroid adenoma. 
Individuals with a predisposition to hypertrophic 
scarring and keloid formation are ideal candi-
dates as the avoidance of a neck scar is particu-
larly desirable [8].

11.2	 �Informed Consent

Informed consent is undertaken by the attend-
ing surgeon. RP may be offered as an alterna-
tive to the conventional cervical approach, and 
both options should be discussed with the 
patient.

The risks associated with RP are the same as 
for conventional parathyroidectomy with regard 
to the recurrent laryngeal nerve (RLN), infec-
tion, hematoma, seroma, persistent hyperpara-
thyroidism, and need for revision surgery. The 
literature does not support an increased infec-
tion rate with RP compared to cervical parathy-
roidectomy [9].

Additional points that should be explained to 
the patient include the fact that there will still be 
a scar though this will be concealed in the axilla. 
Moreover, it is very likely that they will experi-
ence dysesthesia on the chest over the area that 
the subcutaneous flap has been raised. This 
almost always resolves though may take several 
months. Pain is not a particular problem with 
RP [9, 10]. The patient should also be made 
aware of the risk of brachial plexus neurapraxia. 
This is rare and becomes almost a “theoretical” 
risk when the ipsilateral arm is placed in the 
“extended salute” position (see Sect. 3, “Patient 
Positioning”).

With regard to the latter risks (axillary scar, 
dysesthesia on chest, and potential for brachial 
plexus neurapraxia) and the prolonged operative 
time, it should be made clear to the patient that 
these are specific to RP and not associated with 
conventional parathyroidectomy so that they can 
subsequently make an informed decision. The 
inpatient stay and time off work are similar to 
the conventional open technique [9, 11].
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11.3	 �Patient Positioning

It is important to position the patient’s ipsilateral 
arm when they are awake in order to ensure 
comfort and thus minimize the risk of traction on 
the brachial plexus (and associated neurapraxia) 
[12]. The ipsilateral arm must be free of identifi-
cation bracelets, lines, blood pressure cuffs, or 
EKG leads. Arm positioning involves the back 
of the patient’s hand touching the central portion 
of the forehead, in an “extended salute” position 
(Fig. 11.1). This has been shown to minimize the 
risk of brachial plexus neurapraxia [13].

A 5–6 cm axillary incision is also marked at 
this point as in our experience this is the optimal 
way to plan where to place the incision to prevent 
subsequent migration. The incision may need to 
be extended superiorly in a curvilinear fashion so 
that it sits in a natural skin crease. This reduces 
tension and a tendency toward hypertrophic and 
pigmented scarring. Laterality (side of surgery) is 
indicated by a skin marker (arrow).

Following this, the anesthesiologist intubates 
the patient and ventilates them via a transoral 
endotracheal tube with electrodes (NIM EMG 
Endotracheal Tube, Medtronic, Inc., Jacksonville, 
FL). The correct positioning of the NIM EMG 
endotracheal tube with the electrodes at the level 
of the glottis is confirmed by direct laryngoscopy. 
Visualization of the electromyographic wave-
form on the nerve integrity monitor (NIM) fol-
lowing insertion of the stimulator and earth leads 
serves as additional confirmation. An extended 
tip of the NIM must be available due to the long 
distance between the axillary incision and neck. 
At induction, the patient is routinely adminis-
tered intravenously 1.2 g co-amoxiclav and 4 mg 
dexamethasone.

Contrary to conventional parathyroid surgery, 
a shoulder roll is not placed under the shoulders 

as this leads to neck extension moving the para-
thyroid adenoma away from the robotic instru-
ments. Instead, a pillow is placed under the 
patient’s head and shoulders to provide adequate 
and comfortable support in a subtle “sniffing the 
morning air” position. The head of the table is 
then dropped to about 20° to widen the angle 
between the arm and chest.

Fig. 11.1  The “extended salute” position for single-port 
transaxillary robotic parathyroidectomy. By adjusting the 
position of the ipsilateral arm with the patient awake to 
assess for comfort, the risk of traction injury to the bra-
chial plexus is minimized. Doing so and marking the inci-
sion immediately prior to surgery constitute vital 
components of preoperative planning. The laterality is 
pre-marked with an arrow as is the external jugular vein, 
sternal head of sternocleidomastoid muscle, parathyroid 
adenoma location, and the 5–6 cm axillary incision. This 
is rechecked once the patient is positioned on the operat-
ing table as in our experience this is the optimal way to 
plan where to place the incision to prevent subsequent 
migration. Note extensive scaring on the chest from chick-
enpox (anteriorly) and right lateral minithoracotomy 
hypertrophic scar from previous bullectomy to treat pneu-
mothorax. This is a patient who had valid reasons for 
wanting to avoid a visible neck scar and seeking a transax-
illary approach for his parathyroidectomy
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11.4	 �Surgical Equipment

The surgical equipment consists of the non-
robotic trays (used for the single-port transaxillary  

access) and the robotic instruments. These are 
illustrated in Figs. 11.2, 11.3, 11.4, 11.5, 11.6, 
and 11.7.

Fig. 11.2  Non-robotic 
instruments used for 
establishing the single-
port transaxillary access. 
These include a Bovie 
(monopolar electrocau-
tery) with a long extension 
and insulated tip, 
Harmonic scalpel (Ethicon 
Endo-Surgery, Inc., 
Johnson & Johnson, 
Cincinnati, OH), pledgets 
(Teleflex® Inc., NC), and 
Langenbeck retractors

Fig. 11.3  Self-illuminating retractor used for raising the 
subcutaneous flap for single-port transaxillary access to 
the neck

Fig. 11.4  The Modena surgical modular retractor 
(CEATEC® Medizintechnik) is introduced once the flap 
has been raised and prior to docking the da Vinci robot 
(Intuitive Surgical, Sunnyvale, CA). It incorporates a suc-
tion tube to its blade to prevent fogging of the robotic 
dual-channel endoscope intraoperatively
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Fig. 11.5  The three robotic arms used: Harmonic ACE 
curved shears, DeBakey forceps, and Maryland dissector 
used in single-port transaxillary robotic parathyroidec-
tomy. The fourth assistant arm holds the 8 mm ProGrasp 

which serves mainly for retraction of the ipsilateral thy-
roid lobe (see Fig. 11.17). Following insertion into their 
trochars, all robotic arms and camera are inserted through 
the axillary incision

Fig. 11.6  A 30° down, 12 mm dual-channel endoscope is 
used. The endoscope and all robotic arms are inserted 
through the axillary incision Fig. 11.7  The extended tip of the nerve integrity monitor 

required during robotic dissection for stimulation of the 
recurrent laryngeal nerve due to the long distance between 
the axillary incision and neck
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11.5	 �Transaxillary Access 
to the Neck

This follows patient positioning (Fig. 11.8), ster-
ilization, and draping. It provides access to the 
operative field and precedes the robotic part of 

the operation. A step-by-step narrative is pro-
vided in Figs. 11.9, 11.10, 11.11, 11.12, 11.13, 
11.14, and 11.15.

Fig. 11.8  The “extended salute” position for right single-
port transaxillary robotic parathyroidectomy (laterality pre-
marked with arrow). This position shortens the distance 
between the incision site and parathyroid adenoma by ele-
vating and externally rotating the clavicle while protecting 
the brachial plexus from traction. This is a modification to 
Chung’s method for transaxillary robotic thyroidectomy 
where the arm is fully extended over the head [14]. We 
advise against the fully extended arm position as this puts 
the brachial plexus at risk through traction. We have had no 
such problems since modifying Chung’s method of arm 
positioning. Adjusting the position of the ipsilateral arm 

with the patient awake to assess for comfort and marking 
the incision immediately prior to surgery constitute vital 
components of preoperative planning. The 5–6 cm axillary 
incision has been pre-marked and rechecked once the 
patient is positioned on the operating table as in our experi-
ence this is the optimal way to plan where to place the inci-
sion to prevent subsequent migration. Note the NIM EMG 
endotracheal tube, eye protection, and special arm rest to 
support the arm which is abducted and flexed with the fore-
arm being pronated so that the back of the hand rests on the 
central portion of the forehead. A Velcro coin is attached to 
the hand and forehead to maintain the position

Fig. 11.9  The axillary incision. Note the sterile field 
includes the neck, anterior thorax, and ipsilateral axilla. 
EKG leads are placed on the back so as not to interfere 
with the sterile field
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Fig. 11.10  Following the axillary incision, a subcutane-
ous flap is raised superficial to the clavipectoral fascia. 
The superior and inferior points of the axillary incision 
are extended to the thyroid cartilage and sternal notch, 
respectively. The resulting shape of the flap is that of a 
trapezoid. In taller patients, if the distance from the axilla 
to the sternal notch exceeds the limit of the instruments, 
the robot can be docked in earlier to perform the last (most 
distal) part of the subcutaneous flap raising. The technique 
for entering the neck is identical to the one described 
below but is performed robotically. This modification 
expands the range of patients to whom single-port trans-
axillary robotic parathyroidectomy can be offered [15]

C

S

Fig. 11.13  Close-up view of the sternal (S) and clavicu-
lar (C) heads of the sternocleidomastoid muscle and the 
natural dehiscence between the two. The surgical planes 
are then developed as in a standard parathyroidectomy 
exposing the ipsilateral internal jugular vein, common 
carotid artery, and omohyoid and sternohyoid muscles 
(see Fig. 11.20)

Fig. 11.11  Once the subcutaneous flap is raised, dissec-
tion is continued above the pectoralis major and over the 
clavicle until the sternal and clavicular heads of the ster-
nocleidomastoid muscle are reached

A

Fig. 11.12  Schematic representation of the incision and 
anatomical boundaries of the subcutaneous flap needed for 
right single-port transaxillary robotic parathyroidectomy. 
The superior and inferior points of the axillary incision are 
extended to the thyroid cartilage and sternal notch, respec-
tively, resulting in a trapezoid-shaped flap as shown
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Fig. 11.14  The Modena 
retractor in situ. Once 
placed, it is important to 
connect its port to a suction 
tube so as to prevent 
fogging of the robotic 
dual-channel endoscope 
once it is inserted

Fig. 11.15  The Modena retractor blade. This is placed 
under the flap and strap muscles to retract them and create 
sufficient working space for the robotic arms to be intro-
duced and for them to be able to move freely without 
clashing. No gas insufflation is required. Once this is posi-
tioned and adequate visualization and space confirmed, 
the da Vinci robot is docked

G. Garas et al.
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11.6	 �Preparation of the Robotic 
Field

The setup of the operating room (OR) for right 
single-port transaxillary robotic parathyroidec-
tomy is schematically shown in Fig. 11.16 and 

the introduction and orientation of the robotic 
arms and 3D endoscope through the axillary inci-
sion explained in Fig. 11.17.

Vision
cart

Nurse

Assistant

Endoscopes

Patient-side cart

Anesthesiologist

Electro-
cautery

unit

Electro-
cautery

unit

(Bedside assistant)

(Surgeon console
and patient cart)

Surgeon at
console

Instrument cartMouthgag cart

Fig. 11.16  Operating room configuration for right single-port transaxillary robotic parathyroidectomy. Note the cart is 
docked at right angles to the operating table on the contralateral side to the adenoma
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11.7	 �Robotic Surgery

Following docking of the da Vinci surgical robot, 
the instruments are placed through their corre-
sponding ports in the respective robotic arms. 
Initially, provided the robotic surgeon is right-
handed, the fenestrated bipolar forceps is placed 
in the right (first) robotic arm and the 5  mm 
Maryland dissector in the left (second) one. In 
the third robotic arm, the DeBakey forceps is 
placed which can be interchanged with the clutch 
on the robotic platform with the fenestrated bipo-
lar forceps. Once the parathyroid adenoma and 
its pedicle are delineated, this can be replaced 
with the Harmonic shears so that the robotic sur-
geon has a combination of 5  mm Maryland, 
DeBakey, and Harmonic shears for dissection 
and hemostasis. In the fourth arm, the 8  mm 
ProGrasp is inserted and placed under the endo-
scope to contralaterally retract the thyroid lobe.

The different stages of the robotic dissection are 
presented in a step-by-step narrative in Figs. 11.18, 
11.19, 11.20, 11.21, 11.22, 11.23, and 11.24.

Following delivery of the parathyroid adenoma, 
this is sent for histopathological analysis. We do 
not routinely use intraoperative quick PTH 
(iQPTH) monitoring as all RP cases in our endo-
crine surgery tertiary referral center undergo an 
intensive multidisciplinary preoperative workup 
and only patients with triple modality concordance 
are considered for this approach. This is precisely 
to minimize the risk of persistent hyperparathy-
roidism and subsequent need for revision surgery 
(see Sect. 1, “Preoperative Considerations”). We 
do however use iQPTH routinely if no triple modal-
ity concordance exists or there is any other doubt 
about adenoma location or the presence of parathy-
roid hyperplasia, though, as already discussed, 
such patients would not constitute candidates for 
robotic surgery. In the presence of preoperative tri-
ple modality concordance, iQPTH monitoring can 
be safely omitted when performing focused para-
thyroidectomy for most cases of pHPT [17, 18].

As with all parathyroid surgery, hemostasis 
should be meticulous. The anesthesiologist is 
asked to bring the blood pressure up to normal and 
a reversed Trendelenburg position and Valsalva 
maneuver applied. Any remaining bleeding points 

Fig. 11.17  All three robotic arms are placed through the 
single axillary incision. The 30° down 12  mm stereo-
scopic endoscope is placed at an angle of 220° and is 
inserted low laterally extending high and upward medially 
toward the thyroid gland. The fourth arm can then be 
placed under the endoscope which is used to retract the 
thyroid lobe medially. Finally, the first and third arms are 
positioned which carry the instruments for dissection and 
hemostasis. The fourth assistant arm holds the 8  mm 
ProGrasp, while the first and third arms have a combina-
tion of 5 mm Maryland, DeBakey, and Harmonic shears
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are addressed at this stage to ensure hemostasis. 
As in conventional parathyroid surgery, no drain is 
applied. We have not found this to be a problem.

Following hemostasis, the da Vinci robot is 
withdrawn and 2-layer closure completed with 
4-0 subcuticular Vicryl Rapide sutures (Ethicon 
Products, Inc., Johnson & Johnson, Cincinnati, 
OH) followed by application of Dermabond 
(Ethicon Products, Inc., Johnson & Johnson, 
Cincinnati, OH) tissue glue on the wound (Fig. 
11.25). An anterior chest wall compression dress-
ing is applied overnight (Fig. 11.26).

Thyroid lobe

Fig. 11.18  Entering the natural dehiscence between the 
sternal and clavicular heads of the sternocleidomastoid 
muscle. As the flap and strap muscles are retracted by the 
Modena retractor, the first structure to encounter is the 
ipsilateral thyroid lobe

Fig. 11.19  The thyroid lobe is retracted medially and the 
recurrent laryngeal nerve (circled) identified in the tra-
cheoesophageal groove

Fig. 11.20  The great vessels of the neck, the common 
carotid artery (CCA), and the internal jugular vein (IJV) 
are also identified while keeping into view the recurrent 
laryngeal nerve (RLN)

Fig. 11.21  Following identification of all relevant neuro-
vascular structures, the recurrent laryngeal nerve (circled) 
is carefully dissected, stimulated, and subsequently gently 
displaced laterally out of the operative field and protected 
with a pledget

Fig. 11.22  Next, the parathyroid adenoma is identified 
posterior to the thyroid and bluntly dissected with a pledget
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Fig. 11.24  The Harmonic shears is used to ligate and 
divide the vascular pedicle. Prior to doing so, it is vital to 
reconfirm the position of the recurrent laryngeal nerve, 
protect it again with a pledget, and keep the Harmonic 
shears at a clear distance from it, as illustrated, to prevent 
nerve damage from lateral thermal spread [16]. 
Subsequently, the parathyroid adenoma can be delivered 
through the axillary incision by the assistant surgeon

Fig. 11.23  Following blunt dissection of the parathyroid 
adenoma, its vascular pedicle is delineated. At this point, 
the Harmonic shears is introduced

Fig. 11.25  Following hemostasis, the da Vinci robot is 
withdrawn and 2-layer closure completed with 4-0 subcu-
ticular Vicryl sutures followed by application of 
Dermabond tissue glue on the wound. Note the ecchymo-
sis over the distal flap just superior to the axillary incision. 
This commonly appears due to the prolonged retraction 
and resolves after about 2 week following surgery

Fig. 11.26  Following wound closure, the ipsilateral arm 
is brought back to the neutral position, and an anterior 
chest wall compression dressing is applied overnight

G. Garas et al.
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11.8	 �Postoperative Care 
and Follow-Up

Patients are discharged the following morning once 
corrected calcium and PTH levels have been 
checked and confirmed to be normal (<24 h hospital 
stay). They are advised to wear a sports bra or vest 
for 2  weeks to provide light compression to the 
anterior chest wall. Antibiotics (co-amoxiclav 
625 mg three times a day) are routinely given for 
7 days and analgesia (acetaminophen 1 g four times 
a day for 7 days) as required. Regular follow-up at 
2  weeks, 3, 6, 12, 18, and 24  months allows  
prospective long-term evaluation.

11.9	 �Surgical Complications

As discussed, the risks associated with RP are the 
same as for conventional parathyroidectomy with 
regard to the recurrent laryngeal nerve (RLN), 
infection, hematoma, seroma, persistent hyper-
parathyroidism, and need for revision surgery. 
Thus, preventing and managing those complica-
tions involves the same measures as in conven-
tional parathyroid surgery. The only exception 
relates to the prevention of hematoma and seroma 
where following wound closure, an anterior chest 
wall compression dressing is applied overnight. 
The next morning, this is removed, and the 
patient is advised to wear a sports bra or vest for 
2 weeks to provide light compression to the ante-
rior chest wall.

This section will address those complica-
tions that relate specifically to RP. These are 
dysesthesia on the chest over the area of the 
subcutaneous flap and brachial plexus 
neurapraxia.

Regarding dysesthesia over the chest wall, it is 
important to mention this to the patient before 
surgery so that they expect it. As a matter of fact, 
this is not a complication but a natural occurrence 
following subcutaneous flap elevation. All 
patients will experience this to a certain extent. It 
is equally important to explain to the patient that 
it almost always resolves though can take several 
months to do so. Pain is not a particular problem 
with RP [9, 10].

The other risk is brachial plexus neurapraxia. 
Patients need to be also made aware of this, but at 
the same time, they need to be explained so that 
this is exquisitely rare, provided the correct pre-
ventative measures have been employed. These 
are described below.

The key to preventing brachial plexus neura-
praxia is by placing the arm in the “correct” posi-
tion and maintaining this for the duration of the 
operation. The reason for this is that the mecha-
nism underlining this complication involves 
hyperextension of the brachial plexus. By “cor-
rect” we mean a position where the ipsilateral 
arm is comfortable for the patient while ensuring 
optimal transaxillary access to the neck. The only 
way to achieve this is by positioning the patient’s 
arm when they are awake in order to assess for 
comfort (and thus prevent hyperextension of the 
brachial plexus) [12]. The position we advise for 
the arm is the “extended salute” position 
described in detail in Fig. 11.1. This position 
shortens the distance between the incision site 
and parathyroid adenoma by elevating and exter-
nally rotating the clavicle whilst protecting the 
brachial plexus from traction. A Velcro coin is 
attached to the hand and forehead to maintain the 
position during surgery.

As part of the routine postoperative check in 
the recovery room, it is vital not only to ask the 
patient for any abnormal sensation or weakness 
along their arm but also formally assess the neu-
rovascular status of their upper limb. If any neu-
rological deficit or shoulder stiffness is identified 
that has not resolved by the next morning, it is 
paramount to involve a physiotherapist at an 
early stage, i.e., prior to discharge to teach the 
patient what exercises to do daily and follow 
them up on an outpatient basis until full resolu-
tion occurs.

11.10	 �Mentoring and Proctorship

The most important influence on outcomes in 
parathyroid surgery is the experience and volume 
of the surgeon [19]. Thus, mentoring and proctor-
ship are vital to optimize surgical results and 
minimize complications [20].
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RP should only be undertaken by appropriately 
trained surgeons with sufficient experience in 
parathyroid surgery employed in high-volume 
institutions that possess the necessary equipment 
and access to technical support [11]. Finally, there 
needs to be a dedicated robotic nursing team too 
with the appropriate training and experience so as 
to enhance the performance of the robotic team.
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Robot-Assisted Neck Surgery

Hyung Kwon Byeon and Yoon Woo Koh

12.1	 �Introduction

Conventional surgeries for various surgically 
treatable neck tumors adopted the transcervical 
approach to “open up” the surgical field which 
were sometimes unfavorable for the patient since 
the resulting scars were perceived disfiguring and 
the surgeries also caused various postoperative 
morbidities. The neck is the most easily recog-
nized and exposed area, and the psychosocial 
impact may be even more displeasing if a large 
incisional scar has been created due to neck dis-
section for head and neck cancer with cervical 
metastasis. Furthermore, conventional transcer-
vical approach-based surgeries often require 
large amount of normal tissue dissection just for 
the purpose of surgical access which could lead 
to prolonged postoperative recovery and various 
degrees of functional deterioration.

Consequently in order to reduce the extent 
of surgical trauma and minimize these surgery-
related morbidities, numerous surgical 
approaches from a distant port have been 
developed. These so-called remote-access sur-
geries were founded upon the technological 
advances of endoscopy and surgical robotics. 
Based on the early attempts of robotic facelift 
thyroidectomies by Terris et al. [1–5] and the 
authors’ extensive surgical experience on for-
mer endoscopic and robotic gasless transaxil-
lary thyroidectomy [6, 7], we have extrapolated 
the application of the RA approach to nearly 
all aspects of head and neck surgery with the 
aid of the robotic system (Da Vinci Si Robotic 
System; Intuitive Surgical Inc., Sunnyvale, 
CA) [8–17]. The authors have seen the promis-
ing role of RA approach from its versatile 
applications.
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12.2	 �Fundamental Concept

The modified facelift (MFL) incision when per-
forming conventional parotidectomy forms the 
basis for RA incision. The only difference between 
the MFL and RA incision is the existence of the 
preauricular limb (Fig. 12.1). Most of the time 
this robotic procedure can be conducted with the 
RA incision; however, if there is a necessity for 
extended access or if a parotidectomy is simultane-
ously performed at the same side, the MFL inci-
sion can be made. Since the surgical access port is 
remotely placed, common procedures of working 
space creation and pre-robotic gross dissection are 
universally applied to all RA robotic neck surgeries.

12.2.1	 �Universal Surgical Sequence

First, a RA incision is made and an appropriate 
working space is established (Figs. 12.2 and 
12.3).

Next, a self-retaining retractor (L & C Bio, 
Seongnam-si, Korea) is placed to maintain the 
working space and then certain surgical steps of 
gross dissection under the naked eye are con-
ducted beforehand, to move on to the robotic 
dissection. Recently, this procedure can also be 
done at the surgeon’s robotic console with the 
help of the upgraded da Vinci Xi system, since an 
extra robotic instrumental arm can be inserted 
through the RA port (Fig. 12.4).

a b

Fig. 12.1  The position of the patient is supine with the 
head rotated to the contralateral side of the approach just 
as you would perform a parotidectomy. The neck, how-

ever, is relaxed in its natural position and not extended 
with shoulder rolls. (a) Retroauricular incision. (b) 
Modified facelift incision

Great auricular nerve

External jugular vein

Platysma

Fig. 12.2  A subplatysmal 
skin flap is elevated 
leaving the great auricular 
nerve and the external 
jugular vein on the SCM 
fascia (Operative 
photograph of right-sided 
approach)
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Clavicle

Great auricular nerve

External jugular vein

Fig. 12.3  The skin-subplatysmal flap is elevated so that 
it reaches the clavicle inferiorly, midline of the anterior 
neck medially, and the inferior border of the mandible 

superiorly. The posterior extent of the working space can 
be either made anterior or posterior to the SCM border 
depending on the type of robotic neck procedure

Harmonic shears 

3D Camera

Maryland forceps

Self-retaining retractor

Fig. 12.4  After 
completion of working 
space creation and gross 
dissection, the robotic arms 
are docked to commence 
robotic dissection. A 
facedown 30° dual 
endoscope is placed at the 
center, and two robotic 
instrument arms each 
equipped with 5 mm 
Maryland forceps and 
5 mm Harmonic curved 
shears are inserted at either 
side (Operative photograph 
of left-sided approach)
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12.3	 �Surgical Technique

12.3.1	 �Robotic Surgery of Benign 
Neck Mass

Almost all cases of benign neck mass can be 
competently removed by the RA approach. Here, 
three commonly performed surgical procedures 
are addressed in detail.

12.3.1.1	 �Robot-Assisted Sistrunk’s 
Operation (Fig. 12.5)

Following the docking of the robotic arms, the 
midline of the neck is recognized by dividing the 
fibroadipose tissue at the anterior neck using a 
5  mm Maryland forceps and a 5  mm spatula 
monopolar cautery (Figs. 12.6 and 12.7).

Further mobilization of the contralateral side 
of the hyoid bone is done and resected also with 
the bone cutter. The thyroglossal duct should be 
traced further beyond the hyoid bone, and even-
tually the main mass together with the resected 
hyoid bone is removed en bloc through the RA 
port.

Fig. 12.5  After subplatysmal skin flap elevation through 
the RA incision and establishment of the working space, 
the robotic arms are introduced. Contour of the thyroglos-
sal duct cyst lesion (arrow) can be readily visualized 
beneath the strap muscles (Operative photograph of left-
sided approach)
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ba

Fig. 12.6  The cystic lesion is carefully dissected and 
mobilized, and the contour of the hyoid bone is identified 
and skeletonized. (a) Arrow: thyroglossal duct cyst. (b) 

Arrow: ipsilateral hyoid bone (Operative photograph of 
left-sided approach)

Ipsilateral hyoid bone

Bone
cutter

Fig. 12.7  Once the ipsilateral side of the hyoid bone is 
sufficiently mobilized, a conventional bone cutter is 
directly inserted through the RA port by the patient-side 
assistant, and the bone is cut
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12.3.1.2	 �Robot-Assisted Neurogenic 
Tumor Excision

The subplatysmal skin flap is elevated, and suffi-
cient area of working space is created before the 

robotic docking. Generally, for the removal of 
neurogenic tumors a Metzenbaum scissors (PK™ 
Dissecting Forceps) is used for the enucleation of 
the tumor (Fig. 12.8).

a b

c d

*

*

*

Vagus nerve

Vagus nerve

Carotid artery

Internal Jugular vein

Fig. 12.8  Removal of vagal schwannoma. (Right-sided 
approach). (a) The neurogenic tumor is usually located in 
close proximity to the carotid sheath so dissection must be 
cautiously done when exposing the tumor. Special atten-
tion must be paid to prevent any injuries to other nerves 
around the carotid sheath. (b, c) Using the dissecting 

forceps, the true capsule of the neurogenic tumor (aster-
isk) is revealed, and the tumor is enucleated to minimize 
postoperative neural damage. (d) Post-removal surgical 
view with clear visualization of vital structures of the 
carotid sheath
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Fig. 12.9  Once the robotic arms are all introduced, the 
contour of the submandibular gland (arrow) can be clearly 
delineated from the surgeon’s console (Left-sided 
approach)

12.3.1.3	 �Robot-Assisted 
Submandibular Gland 
Excision

After creating a sufficient area of working space, 
a self-retaining retractor is placed to maintain the 
height for robotic arms docking (Figs. 12.9 and 
12.10).

Further subcapsular dissection is performed 
around the superior border of the SMG to pro-
ceed the dissection to the anterior portion of the 
gland (Fig. 12.11).

Care must be taken not to violate the tumor 
itself during the dissection. Interaction of the 

robotic surgeon with the patient-side assistant 
surgeon is important. The traction and coun-
tertraction manipulation should be well coor-
dinated by appropriate handling of the 
Yankauer suction tip or endoscopic dissector 
held by the assistant. This surgical technique 
of robot-assisted submandibular gland resec-
tion is considered a key, fundamental proce-
dure for robot-assisted neck dissection 
(RAND), so it is recommended for a begin-
ning surgeon to experience a sufficient num-
ber of these procedures before attempting 
RAND.

Submandibular gland

Facial artery

Fig. 12.10  The robotic dissection is commenced at the 
lower border of the submandibular gland. Subcapsular 
dissection is continued with Harmonic curved shears or 
monopolar cautery until the proximal portion of the facial 
artery is identified. The vessel can be ligated either by 
Harmonic curved shears or Hem-o-lok ligation system 
(Teleflex Inc., Research Triangle Park, NC) (Left-sided 
approach)
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a
Mylohyoid muscle

b
Submandibular
ganglion 

Lingual nerve

c

Submandibular duct

d
Lingual nerveHypoglossal nerve

Fig. 12.11  (a) The specimen is retracted posteriorly to 
identify the mylohyoid muscle located at the anterior 
aspect of the submandibular gland. (b, c) The posterior 
border of the mylohyoid muscle is dissected, and posterior 
retraction of the submandibular gland is maintained to 
reveal the Wharton’s duct and submandibular ganglion. 

These anatomical structures are ligated after confirming 
the intact course of the lingual nerve and hypoglossal 
nerve. (d) Surgical view after submandibular gland 
removal showing intact lingual nerve and hypoglossal 
nerve (Left-sided approach)
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12.3.2	 �Robot-Assisted Neck 
Dissection

The procedure of RAND can be equally applied 
to both cN0 or cN+ necks in head and neck can-
cer. For the RAND in cN+ necks, main vital neu-
rovascular anatomical structures such as spinal 
accessory nerve, internal jugular vein, and ster-
nocleidomastoid muscle must be preserved con-
sidering that the main purpose of RAND is to 
minimize postoperative morbidities. Therefore, 
in any cases where this is not feasible, the authors 
recommend conventional open neck dissection 
rather than RAND. Careful, prudent selection of 
patients for therapeutic RAND must therefore be 
carried out beforehand, with close examinations 
of preoperative imagings.

Here, the RAND procedure is specified in 
detail with emphasis on two distinct operations: 
selective neck dissection (levels I–III) and com-
prehensive neck dissection (levels I–V). Other 
types of neck dissection can be performed by 
selective modifications of these two procedures.

12.3.2.1	 �Selective Neck Dissection 
(Levels I–III)

Pre-robotic Procedure
Certain amount of dissection is conducted under 
naked eye beforehand, prior to robotic dissection. 
Generally, the dissection is followed according to 
the conventional neck dissection procedure (Figs. 
12.12, 12.13, and 12.14).

Facial artery

Perivascular lymph node

Fig. 12.12  First, level Ib dissection is performed. The 
marginal branch of the facial nerve is identified by visual-
izing the facial vessels around the mandibular notch. The 
nerve is handled with extreme care while dissection of the 
perifacial lymph nodes is done. After ligation of facial 
artery and vein, the lymphoadipose tissues inferior to the 
parotid tail are dissected (Left-sided approach)

*

Fig. 12.13  Dissection is continued to the inferior border 
of submandibular gland (asterisk), revealing the posterior 
belly of digastric muscle (arrow) below (Left-sided 
approach)
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Robotic Dissection (Figs. 12.15, 12.16, 
12.17, and 12.18)
Next the direction of dissection is turned to levels 
II and III, around the carotid sheath. The inferior 
extent of the dissection is the omohyoid muscle, 
and the medial extent is the midline strap mus-
cles. The specimen is then removed en bloc.

Specimen

Internal jugular vein

Spinal accessory nerve

Fig. 12.14  Dissection along the anterior border of ster-
nocleidomastoid muscle leads to exposure of the internal 
jugular vein. The spinal accessory nerve is then identified 
where it crosses the internal jugular vein and is sequen-
tially skeletonized, to remove the fibrofatty tissues of level 
IIb. Next levels IIa and III are continuously dissected 
toward the carotid sheath. Here, the specimen can be 
either removed or pushed aside to continue the robotic 
dissection (Left-sided approach)

Facial artery (ligated)

Digastric muscle,
posterior belly 

Fig. 12.15  The robotic dissection is commenced at level 
I.  After recognizing the posterior belly of the digastric 
muscle, the previously dissected proximal facial artery at 
the posterior portion of the submandibular gland is ligated 
with Harmonic curved shears or Hem-o-lok ligation sys-
tem (Right-sided approach)

H.K. Byeon and Y.W. Koh
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Mylohyoid
muscle

Lingual nerve

Submandibular
ganglion

Mylohyoid muscle
Wharton’s
duct

Fig. 12.16  Dissection is then continued anteriorly to identify the mylohyoid muscle and the underlying submandibular 
ganglion and Wharton’s duct which are consequently sealed off (Right-sided approach)

Digastric muscle,
anterior belly 

Mylohyoid muscle

Fig. 12.17  The specimen is then retracted posteriorly, 
and the dissection moves on to level Ia between the ante-
rior bellies of right and left digastric muscles (Right-sided 
approach)

Ansa hypoglossi 

Hypoglossal
nerve

External carotid artery

Superior thyroid
artery 

Omohyoid
muscle

Fig. 12.18  Postsurgical view. The resulting postsurgical 
field is irrigated and thoroughly checked for any bleeding 
points, and a closed suction drain is inserted posterior to 
the hairline, and then the skin is closed with simple inter-
rupted sutures (Right-sided approach)
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12.3.2.2	 �Modified Radical 
Neck Dissection (Levels I–V 
or II–V)

Pre-robotic Procedure
The RA incision and skin-subplatysmal flap is 
elevated similarly; however, when creating the 
working space, the flap should be sufficiently 
elevated beyond the posterior border of the ster-
nocleidomastoid muscle to meet the trapezius 
muscle so that levels IV and V are properly 
addressed. When level I is omitted in the proce-
dure, the skin flap does not have to be as high up 
as to the inferior margin of the mandible. It would 
only increase the chance of direct/indirect mar-
ginal mandibular nerve injury.

After placing the self-retaining retractor, gross 
dissection is initiated at the appropriate level 
according to the type of neck dissection (levels 
I–V or II–V)

For the comprehensive dissection of level I–V, 
the dissection starts at level Ib by identifying the 
marginal branch of facial nerve as described pre-
viously for the selective neck dissection of levels 
I–III.  When conducting the neck dissection of 
levels II–V, the dissection is commenced at level 
II with identification of the inferior border of the 
submandibular gland.

Dividing the fascia at the inferior border of 
submandibular gland, the dissection is proceeded 
posteriorly to release the parotid tail. Likewise, 
the posterior belly of digastric muscle is identi-
fied below the submandibular gland, and it is fol-
lowed posteriorly to locate the internal jugular 
vein. Next, the spinal accessory nerve is identi-
fied, and the fascia at the anterior border of the 
sternocleidomastoid muscle is opened up. The 
dissection is continued medially visualizing the 
carotid sheath and as far inferior as possible to 
level IV (Figs. 12.19 and 12.20).

Internal jugular vein

Spinal accessory nerve

Spinal accessory nerve,
Trapezius branch

Spinal accessory nerve,
sternocleidomastoid branch

Spinal accessory nerve,
Trapezius branch 

SCM

Fig. 12.19  The course of spinal accessory nerve is traced and skeletonized from its exit near the skull base to its entry 
at the trapezius muscle (Right-sided approach)
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Spinal accessory nerve,
Trapezius branch

Sternocleidomastoid muscle,
posterior border 

Sternocleidomastoid muscle

Spinal accessory nerve,
Trapezius branch

a b

Fig. 12.20  (a) The next step is releasing the fascia at the 
posterior border of the sternocleidomastoid muscle so that 
the muscle can be lifted upward with a retractor. The 
lymph nodes tissue covering levels IIb and Va is collec-
tively dissected and driven toward the lateral aspect of the 
carotid sheath at levels IIa and upper III. Here, some por-
tion of levels IIa and III are further dissected under direct 

vision. (b) Next, the self-retaining retractor is readjusted 
so that the sternocleidomastoid muscle is elevated and 
maintained together with the skin flap. Before the robotic 
docking, the dissected specimen is usually taken out to 
obtain an optimal surgical view from the robotic console 
(Right-sided approach)
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�Robotic Dissection (Figs. 12.21, 12.22, 
12.23, and 12.24)

Mylohyoid muscle

Fig. 12.21  If level I dissection is included in the opera-
tion, the robotic arms are aligned so that they maintain a 
parallel axis to the inferior margin of the mandible. Level 
I dissection is carried out as previously described for the 
selective neck dissection of levels I–III (Right-sided 
approach)

Internal jugular vein 

Transverse cervical artery 

Fig. 12.22  The transverse cervical artery and the phrenic 
nerve running underneath this vessel can be identified dur-
ing the dissection of levels Vb and inferior IV. The dissec-
tion is continued medially until it meets the carotid sheath 
(Right-sided approach)

Internal jugular vein

Vagus nerve

Transverse cervical
artery 

Lymphatic duct
(ligated) 

Fig. 12.23  When dissecting the area around the internal 
jugular vein near the clavicle, the lymphatic or thoracic 
duct should be routinely checked and ligated using hemo-
clips or Hem-o-lok ligation system even it has not been 
violated, to prevent the possibility of future chyle leakage 
(Right-sided approach)

Internal jugular vein

Vagus nerve

Fig. 12.24  The dissection is directed superiorly, identi-
fying the vagus nerve, carotid artery, and internal jugular 
vein and carefully preserving the structures. During 
carotid sheath dissection, appropriate maneuvers must be 
provided by the assistant surgeon to maintain an appropri-
ate traction-counter traction force balance to aid the dis-
section procedure. The branches of internal jugular vein 
are ligated with harmonic curved shears or Hem-o-lok 
ligation system

H.K. Byeon and Y.W. Koh
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To begin levels IV and V dissection, the robotic 
arms should be repositioned so that the axis is in 
a cephalocaudal direction, facing toward the 
clavicle. The previously dissected tissue of level 
Va is grasped with the robot, and dissection is 
conducted superiorly to inferiorly. As the level of 
dissection reaches level Vb, the specimen is 
retracted medially, and the dissection continues 
to meet the omohyoid muscle which is conse-
quently cut.

After completion of the dissection, the final 
neck specimen is delivered through the RA port. 
The postsurgical bed is irrigated and bleeding 
control done, before placing a closed suction 
drain. The surgical wound is then sutured with 
simple interrupted sutures.

12.4	 �Surgical Considerations

Generally, the Harmonic curved shears-mounted 
robotic arm is placed at the surgeon’s dominant 
hand and the Maryland forceps at the nondomi-
nant hand. In terms of difficulty, there is no sig-
nificant difference between a right-sided and a 
left-sided surgery; however, the dominant-sided 
surgery may be more comfortable to perform for 
the robotic surgeon.

12.5	 �Potential Postoperative 
Complications

Possible complications of this robotic RA sur-
gery include:

•	 Nerve injury
–– Lingual nerve injury
–– Hypoglossal nerve injury
–– Marginal mandibular branch of facial nerve 

injury (mouth corner deviation)
–– Vagus nerve injury (vocal cord palsy)
–– Sympathetic nerve injury (Horner’s 

syndrome)
–– Spinal accessory nerve injury (spinal 

accessory nerve syndrome)
–– Phrenic nerve injury

•	 Bleeding/hematoma
•	 Seroma
•	 Chyle leakage (lymphatic/thoracic duct 

injury)
•	 Wound infection, dehiscence
•	 Ischemia or necrosis of skin flap

The potential complications are similar to 
those from a conventional open neck operation. 
Mouth corner deviation may result from various 
degree of injury of the marginal branch of the 
facial nerve. The surgeon should pay special 
attention when dissecting around level I to avoid 
direct/indirect injury to the facial nerve. Main 
causes of indirect injury to the marginal mandib-
ular nerve are thermal energy generated by surgi-
cal instruments and traction made by external 
retractors. Most indirect injuries of the facial 
nerve cause temporary mouth corner deviation 
which generally resolves within 2–3 months after 
the operation.

The surgical field from the RA port is rela-
tively narrow, so there is a higher chance of major 
neurovascular structure injuries. A comprehen-
sive knowledge and familiarizing the local surgi-
cal anatomy and a sufficient amount of surgical 
experience are prerequisites to minimize such 
complications.

Occasionally skin problems such as ischemic 
change or necrosis may occur at the RA skin flap. 
These consequences can be avoided by limiting 
the upper end of the flap to the level of the exter-
nal auditory meatus and avoiding an acute angle 
of the skin curvature when designing the inci-
sion. Hair loss can occur along the skin incision 
within the hairline, but this can be minimized by 
beveling the incision at this portion.

12.6	 �Further Applications

Robot-assisted neck surgery via RA approach 
can be applied virtually to all surgeries for lesions 
located in the neck. Other benign neck mass such 
as parapharyngeal tumor, branchial cleft cyst, 
and lipoma can be removed, and thyroidectomy 
can also be performed via RA approach, with the 

12  Robot-Assisted Neck Surgery



122

aid of the robotic system. Hypopharyngeal 
tumors can also be removed robotically by the 
RA approach after exposing the tumor via lateral 
pharyngotomy. Moreover, free flap reconstruc-
tion is feasible with the robot inserted from the 
RA port.

It is expected that this surgical technique will 
continuously evolve even more with the techno-
logical refinements regarding the robotic system. 
Already, the introduction of the upgraded da 
Vinci Xi system (Intuitive Surgical Inc., 
Sunnyvale, CA) has enabled inserting an extra 
robotic instrumental arm through the RA port, 
thereby minimizing the role of the assistant sur-
geon. Furthermore, unlike the former procedure, 
the robotic dissection can be now be conducted 
right after the working space creation, since an 
extra robotic arm will provide more comfortable 
dissection and sustained retraction. Most recently, 
there are expectations that there will emerge a 
multi-instrument-mounted, “single-port” robotic 
system which will take the robotic neck surgery 
to the next level. Not only would the RA robotic 
surgery be easier to learn and practice, but the 
surgical skill itself could be further refined by 
placing a smaller incision.
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Transoral Robotic Resection 
of Parapharyngeal Space Tumors

Moran Amit, Irit Duek, and Ziv Gil

13.1	 �Introduction

Parapharyngeal space tumors (PPSTs) account 
for only 0.5% of head and neck neoplasms. 
However, many types of tumors can involve 

this region. The relationship of these tumors 
to the styloid process, i.e., prestyloid and post-
styloid, aids in their classification. Prestyloid 
PPSTs deflect the internal carotid artery (ICA) 
posteriorly and are most commonly benign 
salivary gland tumors; poststyloid tumors push 
the ICA anteriorly and are most commonly 
paragangliomas and nerve sheath tumors (Fig. 
13.1). These tumors are most commonly man-
aged by surgical resection via transcervical or 
transmandibular approaches. The efficacy and 
limitations of these approaches are well estab-
lished [1–3]. Very large PPSTs, or those that 
are located high at the base of the skull, often 
require combined approaches, which may 
include mandibulotomy or infratemporal fossa 
approaches. Since the latter carries a consider-
able risk for morbidity, there is increasing inter-
est in the use of the da Vinci surgical robotic 
system (Intuitive Surgical, Sunnyvale, CA). This 
system obviates the need for a mandibulotomy 
to approach the oropharynx [4–6] and enables a 
transoral approach to resect PPSTs [7]. The da 
Vinci robotic apparatus provides high magnifica-
tion three-dimensional (3D) visual access to lat-
eral-based structures and enables direct angular 
visualization and instrumentation at and around 
structures. The 5 mm robotic-guided arms enable 
an assistant to introduce additional instruments 
into the operating field to aid retraction, suction, 
and cauterization. This approach is expected to 
reduce tumor spillage and morbidity, to shorten 
the length of hospital stay, and to achieve early 
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a

b

Fig. 13.1  Axial T1-weighted with gadolinium magnetic 
resonance images of a 78-year-old patient with prestyloid 
parapharyngeal pleomorphic adenoma; (a) preoperative, 
(b) 2 months postoperative

reinstatement of quality of life. A recent meta-
analysis presented the utility of TORS as a sin-
gle or combined approach for PPST in nearly 50 
patients with minimal surgical morbidity [8]. In 
this chapter, we describe the indications and sur-
gical technique of TORS for resection of PPST.

13.2	 �Surgical Anatomy

The parapharyngeal space (PPS) is a potential 
space lateral to the oropharynx. The PPS is 
shaped like an inverted teepee, extending from 
the skull base superiorly to the greater cornu of 

the hyoid bone inferiorly. The PPS is bound 
medially by the superior pharyngeal constrictors 
and laterally by the medial pterygoid muscle, 
mandibular ramus, and deep lobe of the parotid 
gland. The anterior border of the PPS is the ptery-
gomandibular raphe and the pterygoid fascia. 
Posteriorly, the PPS extends to the cervical verte-
brae and prevertebral muscles. An important 
landmark in the PPS is a fascial band extending 
from the styloid process to the tensor veli pala-
tini. This structure further divides the PPS to an 
anteromedial compartment (i.e., prestyloid) and a 
posterolateral (i.e., poststyloid) compartment. 
The prestyloid compartment contains the retro-
mandibular portion of the deep lobe of the parotid 
gland, adipose tissue, and lymph nodes associ-
ated with the parotid gland. The poststyloid com-
partment contains vital structures like the internal 
carotid artery, the internal jugular vein, CNs IX–
XII, and the sympathetic chain.

13.3	 �Preoperative Evaluation

Patients should be assessed for cranial neuropa-
thies, breathing disturbances, and trismus. 
Physical examination should include palpation of 
the neck and the parotid gland in search of lymph 
node metastases. Cranial nerves are evaluated. 
Mouth opening might be limited due to extension 
of the tumor into the pterygopalatine fossa. 
Mouth opening is particularly important since 
relative contraindications to TORS include inad-
equate oral exposure and limited cervical spine 
mobility. The extent of the oropharyngeal mass 
should be evaluated with flexible fiber optic eval-
uation of the oropharynx.

Imaging should include magnetic resonance 
imaging (MRI); however, contrast computerized 
tomographic (CT) scans are acceptable. 
Visualization of a vascular flow void on an MRI 
study is usually sufficient for the diagnosis of a 
vascular tumor such as a paraganglioma, but 
magnetic resonance angiography (MRA) may be 
added for a more precise diagnosis. If a malig-
nant tumor is suspected, radiological staging is 
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completed using a positron emission tomogra-
phy-CT hybrid (PET-CT) for assessing the 
presence of regional and distant metastases. 
Surgeons must be acutely aware of a more medial 
position of the carotid artery as it passes through 
the PPS.

Preoperative tissue evaluation with fine needle 
aspiration (FNA) biopsy should be obtained, par-
ticularly in the setting of a suspected salivary 
gland malignancy or an enlarged lymph node. 
When radiographic studies are diagnostic of a 
vascular lesion, biopsy is not recommended. 
Awareness of the potential pathologies that might 
be encountered is important, and imaging should 
precede FNA, to avoid potential bleeding.

13.4	 �Operative Technique

13.4.1	 �Patient Positioning

The patient is placed in a supine position and is 
nasally intubated via the contralateral nostril. The 
operating table should be positioned with the 
patient’s head away from the ventilator to allow 
space for the robotic cart to fit under the bed. The 
patient should be positioned in the patient supine 
with a horizontally oriented shoulder roll. The 
patient’s arms do not need to be tucked for TORS; 
however, if a transcervical approach is expected, 
both arms should be tucked. Sterile draping is not 
required if TORS is done alone.

Suspension pharyngoscopy using the Feyh-
Kastenbauer (FK) laryngeal retractor (Gyrus 
AMI, Southborough, MA) is performed, and the 
patient is placed in suspension. A 2-0 silk suture 
through the anterior tongue is placed for retrac-
tion to maximize exposure; gauze is positioned 
between the teeth and tongue to avoid tongue lac-

eration. The patient’s eyes are protected with 
Opti-Guard® safety goggles.

13.4.2	 �Robot Setup

The da Vinci Surgical System (Intuitive Surgical, 
Inc., Sunnyvale, CA) is docked diagonally to the 
patient’s bed. The bed should be lowered to 
accommodate the robotic arms. A 0° 8°mm cam-
era is installed and inserted to the mouth. The 
robotic arm ipsilateral to the lesion is installed 
with a 5 mm monopolar cautery with a spatula 
tip. Maryland dissector forceps is installed in the 
arm contralateral to the tumor. The robotic arms 
are positioned so that instrument tips are within 
the field of view of the endoscope with minimal 
angulation. As such, they are approximately par-
allel to the optical arm, minimizing collision with 
each other.

An assistant is positioned at the head of the 
bed. The assistant must be familiar with endo-
scopic techniques since he will be working off of 
the screen rather than by direct visualization. 
Moreover, the assistant must be familiar with the 
robot to troubleshoot device failures and interfer-
ence of the arms. The assistant is equipped with a 
Yankauer suction, bipolar diathermy and 
LigaSure™ 5 mm blunt tip 23 cm for vessel seal-
ing, atraumatic grasping, and blunt dissection. 
The latter enables cutting independent of sealing.

13.4.3	 �Dissection

The procedure is initiated with an incision over 
the prominent aspect of the mass, through the 
oropharyngeal mucosa, from superior to inferior. 
In case there is no prominence at the oropharynx, 
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an inverted L-shaped incision is used along the 
lateral aspect of the anterior tonsillar pillar (Fig. 
13.2). Next, dissection is undertaken through the 
submucosal muscle layer (Fig. 13.3). Traction 
and countertraction are important for dissecting 
through the superior constrictor musculature. 
Dissection through the superior constrictor 
muscles with the tip of the Bovie cautery eventu-
ally leads to an identification of the mass capsule 
(Fig. 13.4). At this stage, a well-defined plane is 
identified, and dissection proceeds along the 
mass (Fig. 13.5). As mucosal flaps are developed, 
lateral retraction of the anterior tonsillar pillar 
using pillar retractor or a suture increases expo-
sure to the parapharyngeal space. The palate can 
be retracted anteriorly using a soft rubber cathe-
ter placed in the nose.

The Maryland dissector is used to gently 
grasp the superior constrictor musculature and 
pull it medially, and a combination of Bovie 
electrocautery and blunt dissection is used to 
further define the capsule. At this stage, the 
parapharyngeal fat may be visualized. The 
assistant can help with blunt dissection and 
retraction of soft tissues. When the anterome-

dial aspect of the mass is defined, a higher mag-
nification can be used to appreciate its size and 
extent. If accessible, the inferior aspect of the 
mass is grasped and pulled medially to assist 
with the lateral dissection (Fig. 13.6). In case of 
a benign cystic mass, it can be decompressed at 
this stage, to facilitate its mobilization within 
the narrow confines of the oral cavity and to 
address the remaining superior-lateral attach-
ments. The more cephalad medial pterygoid 
muscle may be visualized, and further lateral 
dissection should be avoided to minimize expo-
sure of the carotid artery.

During this portion of the resection, branches 
of the external carotid artery traversing the PPS 
are encountered and should be clipped or cauter-
ized. After the superior and lateral attachments 
are removed, the assistant retracts the tumor 
medially. If a tumor’s inferior aspect is fully visu-
alized, inferior dissection is completed and the 
lesion is removed (Fig. 13.7). The remaining cav-
ity is copiously irrigated with 37 °C saline, hemo-
stasis is confirmed before and after the robotic 
arms are removed, and the incision is closed pri-
marily with 2-0 Vicryl sutures.

Fig. 13.3  Raising submucosal flaps at the palatoglossal 
fold

Fig. 13.2  Inverted L-shaped incision over anterior pillar 
mucosa
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Fig. 13.4  Exposure of the superomedial aspect of the 
tumor

Fig. 13.5  Anterior tumor exposure

Fig. 13.6  After inferomedial release, the tumor is medi-
ally retracted

Fig. 13.7  Lateral dissection at the parapharyngeal space. 
During this portion of the resection, branches of the exter-
nal carotid artery traversing the PPS are encountered and 
should be clipped or cauterized
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13.5	 �Combining the Transcervical 
Endoscopic with the 
Transoral Robotic Approach

While the transoral robotic approach to the PPS 
is feasible and safe, it carries limitations, such as 
exposure of the lateral and posterior aspects of 
the PPS. With such approach, the PPS tumor is 
situated between the robotic arm and the carotid 
artery. Since PPS tumors (pleomorphic adeno-
mas, carcinomas, and schwannomas) cannot be 
manipulated by the robot, TORS requires finger 
dissection and separation of the tumor from the 
mouth or neck, especially in large PPS tumors. 
The traditional finger dissection, whether per-
formed from the neck or the mouth, increases the 
risk of neurovascular injury and tumor spillage. 
To overcome these limitations, the authors utilize 
a combined approach with transcervical 
endoscopic dissection of the lesion through a 
small skin incision, followed by transoral robotic 
removal of the tumor (unpublished data). The 
technique enables release of the lesion from the 
neurovascular structures and muscles and safe 
peroral removal of the intact tumor using the da 
Vinci robotic system (Intuitive Surgical, Inc., 
Sunnyvale, CA).

The indications for this approach are (1) high 
small pleomorphic adenomas, (2) large pleomor-
phic adenomas of the PPS, and (3) symptomatic 
PPS schwannomas. Tumors with a large poststy-
loid extent or in close proximity to the carotid 
artery should be dissected under direct visualiza-
tion to avoid vascular injuries. Combining the 
transcervical endoscopic technique with the tran-
soral robotic approach allows for precise infero-
lateral dissection along the carotid artery as it 
passes through the PPS.

The procedure starts with the transcervical 
endoscopic dissection. The patient is positioned 
supine with a horizontally oriented shoulder roll 
in place. The patient’s head is turned away from 
the operative side, and the table is rotated with 
the operative side away from the anesthesia 

machine. At this stage, no muscle relaxation is 
administered to facilitate CN XI identification. 
Along a transverse skin crest, 4  cm below the 
mandible, perform a 2.5  cm skin incision 
(Fig. 13.8). A superior subplatysmal flap is ele-
vated to the level of the mandible (Fig. 13.9). In 
some cases, the submandibular gland should be 
excised to enhance exposure (Fig. 13.10). The 
posterior belly of the digastric muscle is identi-
fied, and dissection is performed along the medial 
aspect of the sternocleidomastoid muscle until 
the accessory nerve is identified (Fig. 13.11). 
Next, the hypoglossal nerve is identified and 
mobilized, and the internal jugular vein, common 
carotid artery, and vagus nerve are identified. The 
posterior belly of the digastric and stylohyoid 
muscles are then divided, and the styloid process 
with the stylomandibular ligament is divided to 
improve exposure.

At this stage, a 0° endoscope (KARL STORZ, 
Tuttlingen Germany) is delivered through the tun-
nel into the depth of the surgical incision (Fig. 
13.12). The medial pterygoid muscle is visualized 
and dissected along its length to access the post-
styloid space, while preserving the ascending 
pharyngeal artery and the hypoglossal nerve (Fig. 
13.13). At this step, dissection along the inferolat-
eral aspect of the tumor capsule is performed, to 
expose and define its upper limit (Fig. 13.14). The 
dissection is performed in parallel and anteriorly 
to the internal carotid artery superiorly up to its 
attachment to the skull base, avoiding the hypo-
glossal nerve (Fig. 13.15). After releasing the 
tumor (Fig. 13.16), the wound is irrigated and 
covered with moist gauze. Complete circumferen-
tial dissection is achieved with the complemen-
tary TORS approach described above. During the 
transoral resection, an assistant might apply exter-
nal pressure on the tumor via a cervical wound to 
enhance tumor visualization. After resection, the 
cervical wound is irrigated and hemostasis is con-
firmed. The wound is closed over a suction drain 
with a 4-0 absorbable subcutaneous suture and a 
5-0 nylon interrupted skin suture.
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Fig. 13.9  A superior subplatysmal flap is elevated to the 
level of the mandible

Fig. 13.8  The patient is placed in a supine position with 
his neck extended and rotated to the contralateral side. A 
3 cm skin incision is made along a transverse skin crest, 
approximately 4 cm below the mandible

Fig. 13.10  The submandibular gland is exposed. It 
should be excised to enhance exposure after identifying 
facial vessels, hypoglossal nerve, and lingual nerve

Fig. 13.11  The posterior belly of the digastric muscle, 
the medial aspect of the sternocleidomastoid muscle, the 
accessory nerve, the hypoglossal nerve, and the lingual 
nerve are identified and preserved

Fig. 13.12  A 0° endoscope is introduced into the depth 
of the surgical incision.

Fig. 13.13  The dissection is performed in parallel and 
anteriorly to the internal carotid artery, superiorly up to its 
attachment to the skull base, avoiding the tumor
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13.6	 �Postoperative Management

The patient is extubated and immediately trans-
ferred to the postsurgery care unit before transfer 
to the ward. Prophylactic antibiotic treatment is 
not indicated in the postoperative period. For pain 
control, patients are treated with nonsteroidal 
anti-inflammatory drugs (diclofenac 75 mg intra-
muscularly or orally) once daily or with tramadol 
40–100 mg if requested by the patient or consid-
ered necessary by the nurses. Patients begin an 
oral diet on the following day and are discharged 
1 or 2 days after the surgery. If drains are placed, 
they are removed on postoperative day 1 or 2.

13.7	 �Discussion

The complex 3D architecture of the PPS and vari-
ous structures passing within it constitute the more 
challenging aspects in head and neck surgery. The 
technique described here provides safe dissection 
within this area. Tremor filtration, angled instru-
mentation, and increased freedom of instrument 
movement are ideal when approaching the 
PPS.  Compared with conventional techniques, 
TORS allows for more delicate handling of tissues, 
hence healthy tissue preservation. The improved 
optics with 3D visualization of TORS, including 
the use of a stereo-optic 0° or 30°camera, enable 
identification of the important structures that are at 
risk and locate them in their 3D context prior to 
excision. As an individual’s experience with the 
robotic technique increases, the need for identifica-
tion of some structures may diminish under certain 
circumstances and shorten surgical time. Increased 
surgical precision enables precise resection with 
clear surgical margins and the potential sparing of 
adjuvant treatment in some patients.

�Conclusions

Robotic surgery is rapidly becoming integrated 
into transoral head and neck surgery. As surgi-
cal robotics advances, instruments will become 
smaller and less expensive, and the technology 
will become available at peripheral medical 
centers. These advances will improve treat-
ment of tumors in the parapharyngeal space, 
with minimal morbidity and excellent func-
tional and cosmetic outcomes.

Fig. 13.15  Hypoglossal nerve (black arrow) and lingual 
nerve (black asterisk) are identified and preserved

Fig. 13.16  The tumor inferolateral aspect is completely 
dissected at its capsule, to expose and define its surround-
ing limits

Fig. 13.14  The tumor, still tethered by surrounding tis-
sues, is released circumferentially at the extracapsular plane
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Robotic Surgery of the Skull Base

Michael E. Kupferman and Ehab Hanna

14.1	 �Introduction

In the past several years, transnasal endoscopic 
approaches have been increasingly used for surgical 
access and treatment of neoplastic and benign 
lesions of the anterior and central skull base. 
Endoscopic surgery is used with increasing fre-
quency for surgical resection of tumors of the sino-
nasal tract, such as inverted papilloma, angiofibroma, 
osteomas, and other benign fibro-osseous lesions, 
and in selected patients with malignant sinonasal 
tumors [1–5]. Endoscopic approaches are also 
becoming popular for transsphenoidal access to the 
sella turcica and are considered by many centers as 
the preferred surgical approach for treatment of 
pituitary adenomas [6–9]. More recently, there has 
been an emerging trend to expand the use of trans-
nasal endoscopic approaches in the surgical treat-
ment of suprasellar, petroclival, infratemporal, and 
other intracranial skull base tumors [10–14].

The increasing popularity of these endoscopic 
skull base approaches may be attributed to a larger 
trend toward more “minimally invasive” tech-
niques across all surgical disciplines. The main 
advantage of transnasal endoscopic skull base 
approaches is providing more direct access to the 

anterior and central skull base while avoiding cra-
niofacial incisions and extensive bone removal 
commonly used in open surgical approaches. 
Also, the wider angle of vision and angled lenses 
increases the range of the endoscopic visual surgi-
cal field compared with the “line of sight” visual 
field gained by surgical loupes or microscopes.

One major disadvantage of transnasal endo-
scopic approaches is the inability to provide a 
truly watertight dural closure and reconstruction. 
Current techniques of endoscopic skull base 
reconstruction, such as tissue grafts, mucosal 
flaps, and tissue sealants, provide adequate recon-
struction of limited skull base defects, such as a 
post-traumatic cerebrospinal fluid leak [15, 16]. 
However, for larger dural defects, these endo-
scopic techniques have higher cerebrospinal fluid 
leak rates compared with traditional reconstruc-
tive techniques used in open surgery, such as the 
vascularized pericranial flap [10].

While the application of robotic technology to 
surgery has rapidly expanded over the last 5 years, 
one of the least studied but fertile areas for applica-
tion of surgical robotics in the head and neck is for 
minimally invasive skull base surgery. Certain 
advantages that these novel systems offer are the 
ability to perform bimanual surgery in confined 
cavities with instrumentation that exceeds the 
capabilities of the human hand, providing the sur-
geon with a 3D view of the surgical field. Significant 
advances in surgical robotics have been made [17], 
although a role for robotic-based applications in 
skull base surgery has not been completely defined.
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14.2	 �Techniques

14.2.1	 �Approach to the Anterior 
Cranial Fossa

The feasibility of using the surgical robot to 
access the anterior and central skull base has 
been demonstrated in a cadaver model [18]. 
Caldwell-Luc incisions and wide anterior maxil-
lary antrostomies followed by wide middle 
meatal antrostomies are the entry points for the 
surgical arms (Fig. 14.1a). Sufficient access can 
be obtained without compromising the infraor-
bital nerves (Fig. 14.1b), and a posterior septec-
tomy provides a common bilateral surgical field. 
The robotic endoscope is then placed into the 
patient’s nare and the right and left surgical arms 
introduced through the respective maxillary 
sinuses (Fig. 14.1c). Anterior and posterior 
ethmoidectomies are performed, and sphenoid-
otomies provide exposure to the planum sphe-
noidale, sella turcica, and parasellar regions 
(Fig. 14.2a, b). With current technology, this 

would be best performed using traditional trans-
nasal endoscopic techniques prior to docking the 
robotic patient cart. In addition, current robotic 
instrumentation does not include a drill, although 
prototypes are under preclinical investigation. 
Therefore, removal of the anterior skull base 
bone would likewise be best performed without 
robotic assistance. Access to the anterior cranial 
fossa is provided by sharp dissection of the ante-
rior skull base and incision of the dura (Fig. 
14.3a–c). The dual robotic arms can be used for 
primary repair of the dura [19]. This approach 
provides excellent access to the anterior and 
central skull base, including the cribriform plate, 
fovea ethmoidalis, medial orbits, planum 
sphenoidale, nasopharynx, pterygopalatine 
fossa, and clivus. The most significant advantage 
of this approach is the ability to perform two-
handed tremor-free endoscopic closure of dural 
defects. To date, this approach remains investi-
gational in nature due to the lack of bone-cutting 
instrumentation, as discussed at the end of this 
chapter.

a b c

Fig. 14.1  (a) Sublabial incisions with bilateral exposure of the face of the maxilla. (b) Identification and preservation 
of the infraorbital nerve (arrow). (c) Docking of the camera (C) and the robotic arms via maxillary antrotomies

M.E. Kupferman and E. Hanna



135

a b

Fig. 14.2  (a) Dissection of the posterior wall of the sphe-
noid sinus. (b) The cribriform plate (CP) is removed bilat-
erally, and the cut edges of the olfactory nerves (ON) are 

shown; the dura is incised or resected to expose the infe-
rior surface of the frontal lobes (FL) intracranially

a b

OF

Fig. 14.3  (a) Resection of the cribriform plate (CP) and 
(b, c) incision of the dura (black arrow) with the robotic 
instrumentation after complete exposure of medial orbital 

walls (OF—orbital fat) and sphenoid sinus (S). The fron-
tal lobe is visible (white arrow)
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14.2.2	 �Approach to the Pituitary 
Fossa

While the transnasal endoscopic approach to 
the pituitary fossa has become a widely utilized 
technique for surgical resection [20, 21], robotic 
surgery in this anatomic location may provide 
unique advantages over the four-handed tech-
nique. The feasibility of a robotic approach to the 
pituitary fossa has been described by the authors 
and remains investigational [22].

Similar to the approach to the anterior cranial 
fossa, access involves creating bilateral maxillary 
antrostomies and docking the robotic arms and 
camera, as described above. An anterior sphe-
noidotomy is then performed and the sellar floor 
removed to expose the dura of the pituitary fossa 
(Fig. 14.4a, b). The dura is opened sharply with 
the robotic scissors to allow for exploration of 

the pituitary gland (Fig. 14.5a). Blunt and sharp 
dissection may be then performed to excise the 
pituitary gland after the optic chiasm and hypo-
thalamus are exposed (Fig. 14.5b). Dissection of 
the lateral wall of the sphenoid sinus may also 
be performed with high-speed drills and fine ron-
geurs to access the cavernous sinus. Using this 
technique access to the central skull base, includ-
ing the planum sphenoidale, the pituitary gland, 
cavernous carotid, mammillary bodies, and optic 
chiasm, can be achieved (Fig. 14.5c).

A transcervical approach to the skull base in 
canine and cadaver models has been previously 
described. Access to the sphenoid, clivus, sella, and 
suprasellar anterior fossa can be obtained by plac-
ing a 30 degree robotic endoscope transorally and 
placing the right and left robotic arms through the 
lateral pharyngeal walls via a transcervical tech-
nique, posterior to the submandibular gland [23].

a b

Fig. 14.5  (a) Resection of the pituitary gland. (b) Transected pituitary stalk and exposure of the optic chiasm (* pitu-
itary stalk, D diaphragma sellae, OC optic chiasm). (c) Visualization of the mammillary bodies (MB)

a b

Fig. 14.4  (a) Exposure of the anterior face of the sella (s sella, ss sphenoid sinus). (c) Entry into the pituitary fossa
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14.2.3	 �Approach to the Nasopharynx

Robotic surgery of the nasopharynx is perhaps 
the only anatomic site of the skull base that is 
most amenable to surgical dissection with current 
iterations of surgical robotics. The feasibility of 
robotic resection of nasopharyngeal lesions in a 
cadaver was first described in 2008 [24], and sub-
sequent case reports of surgical management of 
nasopharyngeal cancers have been published in 
the literature [25].

A Dingman retractor is utilized to expose the 
oral cavity, and the soft palate is divided under 
direct visualization—lateral retraction of the 
divided palate is achieved with Vicryl suture (Fig. 
14.6a). The da Vinci robot is then docked at the head 
of the bed, and the robotic arms are positioned into 
the oral cavity. Typically, a 30 degree endoscope 
providing a superiorly oriented view of the orophar-
ynx and nasopharynx is utilized. Using the 
Maryland forceps and the spatula cautery, the naso-
pharynx soft tissue may then be progressively 
degloved (Fig. 14.6b) between the carotid arteries 
and Eustachian tubes (Fig. 14.6c) laterally and the 
skull base and prevertebral musculature posteriorly. 
Once the tumor is resected, the palate is closed in 

three layers with absorbable suture. The advantage 
of this technique is that it allows for en bloc excision 
of nasopharyngeal lesions and may offer the advan-
tage of decreased morbidity compared to either re-
irradiation or open surgical approaches for recurrent 
nasopharyngeal carcinoma. Further study is neces-
sary to delineate the optimal surgical indications.

14.2.4	 �Approach to the 
Infratemporal Fossa

Both preclinical studies and case reports address-
ing the infratemporal fossa and parapharyngeal 
space via robotic approaches have been described 
[26, 27]. Dissection is performed through the lat-
eral pharyngeal wall to access the parapharyn-
geal space. Using the 30 degree endoscope 
directed superiorly, the parapharyngeal space can 
be carefully explored to identify the neurovascu-
lar contents—jugular vein, internal carotid, and 
CN IX, X, XI, and XII. To gain exposure superi-
orly and laterally (to the infratemporal fossa), the 
styloid musculature can be resected and pterygoid 
muscles partially released. This approach may be 
best suited for well-circumscribed benign lesions.

a

c

b

Fig. 14.6  (a) Exposure of the nasopharynx is achieved 
with a palatal split incision. (b) Incisions in the superior 
and inferior aspects of the nasopharynx commence the 

posterior dissection. (c) Incision through the Eustachian 
tube commences the lateral dissection
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14.2.5	 �Skull Base Reconstruction

Perhaps the most significant limitation of current 
transnasal endoscopic techniques is the inability 
to reconstruct dural defects with a sutured water-
tight dural closure. Options for repair of the skull 
base include free mucosal grafts, fascia lata 
grafts, pedicled mucosal grafts, and biological 
materials [15, 16, 28–30]. While each has advan-
tages and disadvantages, only the pedicled muco-
periosteal grafts are vascularized [31], a necessary 
component of any reconstruction in patients 
undergoing postoperative irradiation or in previ-
ously irradiated patients. One of the major draw-
backs of the endoscopic approach is the inability 
to perform a suture-based reconstruction of the 
dura using currently available technology, an 
approach that is easily undertaken with a pericra-
nial flap through the transcranial approach. We 
previously reported the feasibility of an endona-
sal robotic surgical dural reconstruction to 
address this problem in skull base surgery.

Repair of the skull base defect can be performed 
robotically with two distinct techniques. First, 
repair of the dura may be primarily reconstructed 
with both continuous and interrupted suture tech-
nique (Fig. 14.7a). Additionally, harvested sinona-
sal mucoperiosteal graft can be sutured into dural 
defects with both running and interrupted suture 
techniques (Fig. 14.7b). While these techniques 
have been demonstrated in cadaver models, their 
application in human use has yet to be realized.

A balanced analysis of where robotic sur-
gery may lie on the spectrum of surgical 
modalities suggests that robotic-assisted skull 
base surgery offers unique advantages that are 
lacking in either microscopic or transnasal 
endoscopic techniques. These can be divided 
in four major areas: optical, ergonomic, dis-
section, and reconstructive. The following is a 
discussion of how endoscopic robotic surgery 
can overcome some of the limitations of these 
other techniques and where robotic surgery has 
limitations.

14.2.5.1	 �Optical Limitations
The two-dimensional visualization provided by 
single-channel optical systems in current 
endoscopes lacks the depth perception of 3D 
vision provided by the binocular optical systems 
used in standard microsurgery. During endo-
scopic surgery, depth perception relies more on 
tactile than on visual cues. Visual depth percep-
tion is particularly important when operating on 
critical intracranial neurovascular structures, 
especially when working in a deep and limited 
space. The 5 mm robotic endoscope has a dual-
channel optical system coupled with a dual 
charge-coupled device, which allows for 3D 
visualization of the surgical field at the surgeon’s 
console. This “binocular endoscope” allows the 
surgeon to have the combined benefit of a wider 
angle of vision and the depth perception of 3D 
visualization.

a b

OF

Fig. 14.7  (a) Primary repair of a dural defect (arrow) with polyglactin suture (Ethicon). (b) Repair of a large dural 
defect with a mucosal graft (white arrow)
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14.2.5.2	 �Ergonomic Limitations
Current endoscopic techniques have several 
ergonomic limitations. Bimanual surgery is only 
feasible if the endoscope is held by an assistant or 
a mechanical holder. A surgical assistant is pre-
ferred because of the constant need to adjust the 
position (depth and angle) of the endoscope dur-
ing endoscopic surgery. This not only limits the 
direct control of the endoscope by the primary 
surgeon but also requires the assistance of a rela-
tively experienced endoscopic surgeon who can 
seamlessly follow the primary surgeon in every 
step of the operation.

Also, both surgeons have to work within the 
confined space provided by the nostrils, which in 
some cases limits ergonomic freedom. In addi-
tion, as the surgical field gets deeper, longer 
instruments are needed, and, with lack of proper 
arm support, precision may be limited by fine 
tremor, especially when using fine instrumenta-
tion for delicate dissection of critical neurovascu-
lar structures. The robotic system has four arms, 
all of which are controlled by the primary sur-
geon sitting at the console. One arm, the camera 
port, holds the endoscope; two arms hold right- 
and left-hand instruments; and a fourth “spare” 
arm may be dedicated for retraction or a third 
instrument. This allows the primary surgeon 
simultaneous direct control of the endoscope and 
the instrumentation, an advantage not feasible 
with non-robotic endoscopic techniques. Another 
advantage of the “endowrist” technology used in 
the da Vinci robotic instrumentation is its ability 
to provide movement at the instrument tip with 
7° of freedom and 90° of articulation and motion 
scaling. This allows the surgeon, who sits com-
fortably at the console with an adjustable arm, 
support to perform precise tremor-free movement 
in a deep and confined space, with working 
angles usually not achievable with non-robotic 
instruments.

14.2.5.3	 �Dissection Limitations
In its current iteration, the da Vinci robotic sys-
tem is designed exclusively for soft tissue sur-
gery, while the paranasal sinuses and skull base 
are bony anatomic structures. Access to tumors in 

these domains requires bone-cutting instrumen-
tation, including rongeurs, osteotomes, and drills. 
The exquisitely tuned internal pulley system 
within the robotic arms is not engineered for the 
stress forces that bony dissection requires. In our 
experience, use of the robotic dissecting instru-
ments led to rapid deterioration in the functional-
ity and life-span of the equipment (unpublished 
data). Moreover, prototype bone-cutting instru-
mentation, including robotically controlled drills 
and rongeurs, has yet to be commercialized 
(unpublished data). While an entirely endonasal 
approach has been developed by the authors, its 
broad implementation has yet to be undertaken 
(unpublished data). Further optimization of the 
robotic instrumentation will be required before 
skull base surgery can be effectively performed 
with the novel technology.

14.2.5.4	 �Reconstructive Limitations
The most significant limitation of current trans-
nasal endoscopic techniques is the inability to 
suture and provide watertight dural closure or 
reconstruction of dural defects. Endoscopic 
repair of dural defects relies on nonvascularized 
fat, mucosal or allogeneic grafts, or vascularized 
septal or nasal rotational mucosal flaps. These 
reconstructions are then covered with fibrin seal-
ants and supported by either absorbable or non-
absorbable packing. While these methods may 
provide adequate reconstruction of minor dural 
tears or defects, their ability to provide safe and 
reliable reconstruction of larger dural defects 
remains to be seen. Preliminary results suggest 
that these methods have a higher cerebrospinal 
fluid leak rate compared with the more standard 
dural reconstruction using pedicled (axial) flaps, 
such as the pericranial flap or microvascular free 
flaps. Adequate and reliable dural reconstruction 
is critical in minimizing the morbidity of skull 
base resections, particularly in patients who 
received or will undergo high-dose radiation 
therapy. As described above, robotic-assisted sur-
gery allows for successful and precise endoscopic 
suturing of the dura. This may drastically impact 
the utility and safety of endoscopic surgery of 
intracranial intradural lesions of the skull base.

14  Robotic Surgery of the Skull Base



140

�Conclusion

While still in the developmental stages, 
robotic applications to skull base surgery are 
forthcoming. Transantral robotic surgery pro-
vides stereoscopic endoscopic access to the 
anterior skull base and pituitary fossa and 
allows for two-handed endoscopic manipula-
tion and reconstruction. Traditional suture and 
reconstructive techniques can be implemented 
in this confined surgical site with the use of 
robotic technology. These advantages may 
expand the indications of minimally invasive 
endoscopic approaches to the skull base. 
Future development and refinement of endo-
nasal robotic instrumentation is critical before 
applying these techniques in the clinical 
setting.
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The Utilization of Transoral 
Robotic Surgery in the Pediatric 
Patient

Prasad John Thottam and Deepak K. Mehta

15.1	 �Introduction

Transoral robotic surgery (TORS) was first 
described in head and neck cancer cases in adults 
and, over time, expanded into treatment for adult 
obstructive sleep apnea (OSA). As the technol-
ogy involving this technique and its associated 
instrumentation has improved, its utilization has 
expanded. More recently, through a series of 
publications, there has been an evolving interest 
in the treatment of pediatric airway ailments.

TORS in the pediatric population was first 
described in 2007, and in the past 8 years, only 
a few articles have been produced on this topic. 
The topics published began with feasibility and 
developed into examinations of surgical results 
[1]. To date, TORS has been described in the 
pediatric population for palatine tonsillectomy, 
oropharyngeal reconstruction, laryngeal cleft 
repair, lingual tonsillectomy, and base of tongue 

reduction/resection [1–6]. Recently it has been 
shown to be both feasible and effective in the 
treatment of refractory OSA when surgically 
addressing BOT and lingual hypertrophy [2].

The small size of the pediatric oral cavity can 
often limit the view and maneuverability of 
manual instrumentation in this patient popula-
tion. This is where the three-dimensional endo-
scopic view, two active instrumentation arms, 
and the increased dexterity/rotational capability 
can be of great assistance for a more complete 
and effective surgery. Needless to say, as tech-
nology further develops and instrumentation 
becomes even smaller, the scope of surgical 
options will increase. Currently, the youngest 
patient managed through TORS in our practice 
or published was 15  months of age [6]. 
Unfortunately, the prolonged robotic docking 
time, cost, and sparse data are currently limita-
tions to this technique.
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15.2	 �General Robotic Setup

	1.	 Anesthesia
	(a)	 General
	(b)	 Laser-protected oral or nasal intubation

	2.	 Patient and robotic unit positioning (Fig. 15.1)
	(a)	 Shoulder roll placed.
	(b)	 Operating table positioned 90–180° from 

anesthesiologist.
	(c)	 Oral retractor positioned and secured on 

surgical stand or supported on patient’s 
chest with or without towels.
	(i)	 Dingman, Crowe-Davis, and McIvor 

retractors can be used for oral expo-
sure including BOT.

Fig. 15.1  Oral cavity 
access in pediatric patient 
for lingual tonsillectomy 
and base of tongue 
reduction

	(ii)	 It is the authors’ opinion that the 
Feyh-Kastenbauer (F-K) retractor is 
the most versatile and is good for 
hypopharynx and larynx exposure.

	(d)	 Surgical assistant is positioned at patient’s 
head.

	(e)	 Robotic unit is positioned at patient’s 
right side.
	(i)	 Transorally a 12 mm video endoscope 

(0 or 30°) with a laterally placed 
instrumentation (5 mm) and cautery.
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15.3	 �Procedures Performed

	1.	 TORS of the lingual tonsil and base of tongue
	(a)	 Surgical procedure

	 (i)	 McIvor or Dingman retractor is 
placed using a flat tongue blade.

	 (ii)	 5 mm spatula cautery and Maryland 
forceps are utilized.

	(iii)	 30 degree 12 mm video endoscope 
provides a superior view of region.

	(iv)	 Care is taken to place the distal 
aspect of the tongue blade at the cir-
cumvallate papillae in order to 
expose the base of tongue and lin-
gual tonsillar tissue.

	 (v)	 The lingual tonsillar tissue is taken 
in two specimen sections starting 
from midline and moving laterally.
	1.	 This improves visualization and 

enables the two specimens to be 
taken en bloc.

	(vi)	 The muscular aspect of the base of 
tongue is removed in similar medial 
to lateral fashion.
	1.	 Care is taken not to extend deep 

into the base of tongue laterally 
in order to avoid the lingual 
artery.

	(vii)	 Area is irrigated and allowed to heal 
by secondary intention.

	(b)	 Complications
	(i)	 Intraoperative:

	1.	 Hemorrhage
	2.	 Dental trauma
	3.	 Accidental extubation/loss of 

airway
	(ii)	 Postoperative

	1.	 Pain
	2.	 Dehydration
	3.	 Bleeding

	(a)	 Minor bleed
	(b)	 Lingual artery hemorrhage

	4.	 Infection
	2.	 TORS for the treatment of laryngeal cleft

	(a)	 Surgical procedure
	 (i)	 Patient is intubated for TORS-

directed laryngeal cleft repair.
	 (ii)	 Patient is suspended and the larynx 

is secured transorally using the F-K 
retractor.

	 (iii)	 5 mm spatula cautery and Maryland 
forceps are utilized.

	 (iv)	 0 degree 12  mm video endoscope 
provides a good view of the supra-
glottis and glottis.

	 (v)	 The supraglottic interarytenoid 
region is isolated.

	 (vi)	 Cautery is utilized on coagulation 
setting of four to incise the inter-
arytenoid mucosa beginning at the 
deepest center portion of the cleft 
and moving laterally (Fig. 15.2).

	(vii)	 Submucosal flaps are elevated and 
dissected using Maryland forceps.

	(viii)	 Both the esophageal and laryngeal 
sides of the cleft are elevated.

	 (ix)	 At least two sutures are placed: one 
on the esophageal side and one on 
the laryngeal aspect using 4-0 or 
5-0 polydioxanone (PDS) suture 
(Fig. 15.3).
	1.	 Care is taken to begin within the 

defect to ensure that both knots 
are buried.

Fig. 15.3  Maryland forceps utilized to place suture to 
repair cleft

Fig. 15.2  Electrocautery used to create open edges of 
interarytenoid space
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15.4	 �Discussion

With a well-established role in adult otolaryngol-
ogy, TORS in pediatric head and neck surgery is 
evolving, and its uses are broadening. To date, effi-
cacy data is primarily limited to the above 
described procedures and oropharyngeal stenosis.

When examining TORS for BOT resection 
and lingual tonsillectomy, it is argued that in cer-
tain patients the ease of dissection and superior 
view allows for a more accurate and complete 
resection with limited increased risk [2, 5]. A 
recent examination of TORS for pediatric BOT 
and lingual tonsil surgery reported a greater than 
50  % reduction in obstructive apnea-hypopnea 
index (O-AHI) score postoperatively [2]. In the 
same study, the majority of patients were dis-
charged on postoperative day 1, and no intraop-
erative complications were reported [2]. This 
data, though limited by patient population size, is 
indeed promising as TORS further develops.

Laryngeal cleft surgery is often tedious and 
difficult for the pediatric otolaryngologist who is 
limited by patient oral cavity size, visualization, 
instrument rotation, human tremor, and the need 
to protect the patient’s airway. TORS has been 
described as an option for these surgeries [6]. The 
ability to have a suitable view of the interaryte-
noid region and laryngeal cleft while maintaining 
airway safety through intubation is a noted benefit 
to these procedures. Recently Leonardis and col-
leagues described their experience with TORS-
assisted LC repair in the pediatric population [6]. 
In this particular study, five patients were exam-
ined; all were extubated without complication and 
all passed subsequent 4-week postoperative swal-
lowing examinations, demonstrating successful 
results [6]. The authors cited visualization, 
increased range of motion, and filtration of sur-
geon tremor as potential benefits in their experi-
ence [6].

For the treatment of pharyngeal stenosis, simi-
lar limitations, as previously described in the 
pediatric population, remain true with the addi-
tion of a more limited view secondary to scar tis-
sue and contracture. In a case series published, 
TORS technology was utilized for access to sig-
nificant nasopharyngeal stenosis in an 8-year-old 

	(b)	 Complications
	(i)	 Intraoperative

	1.	 Accidental extubation/loss of 
airway

	2.	 Accidental laryngeal or esopha-
geal injury

	3.	 Dental trauma
	(ii)	 Postoperative

	1.	 Pain
	2.	 Dehydration
	3.	 Bleeding
	4.	 Infection
	5.	 Suture dehiscence post-repair
	6.	 Granulation formation at site of 

repair
	7.	 Esophageal stricture
	8.	 Supraglottic stenosis
	9.	 Dysphagia (aspiration or penetra-

tion)
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child [7]. Through the use of TORS visualization 
and operative instrumentation, scar division, flap 
elevation, and proper nasopharyngeal port cre-
ation were achieved [7]. This report, though lim-
ited, does demonstrate the expanding utilization 
of this technology.

�Conclusion

In the pediatric population, limitations exist 
secondary to child size and associated access. 
Studies on this subject are sparse, but pub-
lished data has demonstrated feasibility and 
promising outcomes without excessive com-
plications when compared to traditional surgi-
cal technique [1–3, 5, 6]. Though this chapter 
focuses primarily on TORS directed at lin-
gual, BOT, and laryngeal cleft surgical 
options, TORS has been reported to be suc-
cessful for the treatment of pharyngeal steno-
sis and other oropharyngeal pathology in the 
pediatric population [7].
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Robotic Reconstructive Surgery

Amir E. Ibrahim, Karim A. Sarhane, 
and Jesse C. Selber

The management of oropharyngeal and base of 
tongue cancers remains a challenging endeavor. 
The high incidence of morbidity following the 
traditional surgical method to resect such 
tumors (lip and mandible splitting, Fig. 16.1) 
has led to the use of primary chemoradiation 
therapy as an alternative treatment [1, 2]. 
However, toxicity rates following this approach 
were considerably high (acute mucositis, xero-
stomia, and long-term swallowing dysfunc-
tion), and there was no improvement in 
functional status [3]. Thus, driven by the desire 
to offer a less morbid alternative to both tradi-
tional surgical resection and chemoradiation, 
transoral robotic surgery (TORS) using the da 
Vinci Surgical System was developed. This 
approach showed great success in resecting 
pharyngeal and laryngeal malignant lesions, 
achieving similar survival rates as compared to 

primary chemoradiation therapy, but with 
improved functional and aesthetic outcomes as 
it obviated the need for lip and mandible split-
ting [4–6]. This minimally invasive technique 
however left a challenging defect to recon-
struct. The reconstructive challenge is that the 
cylinder of the oropharynx remains almost 
entirely closed, severely restricting its access 
when planning to inset and contour vascular-
ized tissue. This anatomic region (between the 
uvula and the epiglottis) is particularly difficult 
to approach without a mandibulotomy or a wide 
pharyngotomy. As such, the senior author 
developed a minimally invasive robotic recon-
structive approach, known as transoral robotic 
reconstructive surgery (TORRS) [7], to address 
the defects created after TORS. In this chapter 
we discuss the clinical application of transoral 
robotic reconstructive surgery (TORRS).
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16.1	 �The Ascent of TORRS

The defects created after TORS require meticu-
lous reconstructive techniques to preserve normal 
anatomy and ensure good functional outcomes. 
Small defects, such as those at the base of tongue, 
can heal by secondary intention with good func-
tional outcomes, and hence do not require recon-
struction. Those in the tonsillar area and those 
extending to the soft palate, however, require vas-
cularized tissue coverage as they result in carotid 
sheath exposure, oro- or pharyngocutaneous fis-
tulas, and a potential for velopharyngeal 
incompetence. Some of these defects can be sat-
isfactorily reconstructed with facial artery 
musculomucosal (FAMM) flaps, buccal rotation 
flaps, and pharyngeal flaps. Bonawiz et  al. 
reported successful reconstruction of defects of 
the soft palate in five patients who underwent 
combined robotic-assisted resection of malignant 
lesions with immediate FAMM flap reconstruc-
tion [8]. Also, Selber reported the use of the robot 
to reconstruct a defect of the soft palate, tonsillar 
pillar, and pharyngeal wall with a FAMM flap in 
one patient in his case series describing robotic 
reconstruction [9].

Defects resulting from larger tumor resec-
tions are more complex and often extend from 
the tip of the tongue all the way to the epiglottis, 
involving a significant pharyngeal component 
and a pharyngotomy. The reconstructive chal-
lenge created by these minimally invasive resec-
tions is that the cylinder of the oropharynx 
remains almost entirely closed, severely restrict-
ing access to oropharyngeal anatomy as plastic 
surgeons attempt to inset and contour vascular-
ized tissue. The anatomic region between the 
uvula and the epiglottis is very difficult to 
approach without a mandibulotomy or a wide 
pharyngotomy. Preserving a competent velo-
pharyngeal sphincter, a watertight seal between 
the pharynx and neck, and adequate sensations 
and volume in the tongue base are necessary to 
optimize the physiological function of the oro-
pharynx and minimize functional deficits [10, 
11]. To achieve these goals, transoral robotic 
reconstructive surgery (TORRS) [12], whether 

Fig. 16.1  Traditional surgical approach to oropharyngeal 
tumors (lip splitting and mandibulotomy). This technique 
is associated with disfigurement and with an increased 
risk of osteoradionecrosis and fracture at the mandibulot-
omy site after adjuvant radiotherapy
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using free flaps, local flaps, or primary closure, 
seems to be a logical approach. This technique 
appears to be a superior option in some cases 
and also holds great promise in expanding the 
indications for minimally invasive resection 
procedures. Combining transoral robotic flap 
inset with a manual approach through the exist-
ing pharyngotomy defect is also feasible. It is 
worth noting that although a pharyngotomy was 
created, it is much smaller than the wide phar-
yngotomies traditionally required for accessing 
such tumors as access to the upper pharynx is 
achieved robotically rather than through the 
neck. The senior author has thoroughly docu-
mented the value of TORRS for challenging 
defects of the head and neck and has demon-
strated both feasibility [13] and effectiveness 
[9] of this reconstructive method. More recently, 
Song et  al. reported their experience with free 
flap robotic reconstruction of oropharyngeal 
defects after robotic extirpation and also showed 
the feasibility of this new reconstructive 
approach in insetting flaps at a deep portion of 
the oropharynx without the need to perform a 
traditional mandibulotomy [10].

In addition, by taking this approach, plastic 
surgeons are able to provide a reliable recon-
structive support for the head and neck surgeon to 
robotically resect larger, deeper, and more com-
plex tumors that would be very challenging to 
reconstruct through traditional methods.

16.2	 �Indications and Preoperative 
Evaluation

Clear-cut indications for the application of 
TORRS are still not well defined. Reports 
describing its use have elaborated so far on its 
feasibility, safety, and extent of applicability; no 
clear instructions incorporating patient and tumor 
factors have yet been put forth. Longfield et al. 
proposed recently an algorithm for the use of 
TORRS based on tumor site, tumor extent, and 
patient-specific factors [14]. This can be used a 
structural scheme to which future recommenda-
tions can be incorporated.

16.2.1	 �Tumor Site

Tumor site is most probably the most important 
factor affecting the feasibility of a transoral 
robotic approach for resection and 
reconstruction.

Oral cavity lesions are accessible manually 
and would not benefit from TORS. An exception 
however is large retromolar trigone lesions. 
Tumors in this area are adjacent to the base of 
tongue (BOT), tonsil, and mandibular ramus. A 
robotic approach in this setting would be a good 
option for both resection and reconstruction. 
Local flaps such as the FAMM flap, buccal fat 
pad flap, and buccal and pharyngeal mucosal 
transposition flaps can be used. Free flaps are 
rarely used. The area is very restricted for flap 
inset, and also this would entail dissecting and 
exposing the neck to the oropharynx. So unless 
there is an indication for free tissue transfer (such 
as prior radiation or resections), avoiding such 
method is advocated.

On the other hand, tumors located within the 
oropharynx (tonsil, BOT, soft palate) benefit sig-
nificantly from transoral robotic resection and 
reconstruction. It is true that these tumors were 
resected by alternative methods for many years 
[15, 16]; however, limited dexterity and visual-
ization have always been a major disadvantage. 
With the ascent of robotic technology, improved 
visualization and more precise instrumentation 
have allowed the resection of more complex and 
invasive tumors. Defects created by such large 
resections (where critical structures—carotid 
sheath or bone—are exposed) are best addressed 
using robotic free flap reconstruction [9, 17]. 
Free flap options include radial forearm and 
anterolateral thigh flaps, and recipient vessels 
include either the superior thyroid artery or the 
facial artery.

For soft palate tumors, free flaps or palatoplas-
ties are usually performed. In select cases, simi-
lar functional outcomes may be obtained with a 
prosthetic obturator [18, 19].

For tumors extending to the supraglottic lar-
ynx, reconstruction is guided by the extent of 
hypopharyngeal involvement and whether the 
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lesion is above or below the hyoid bone. In 
patients with a large oral opening, the supra- and 
infrahyoid areas can be directly attained, and 
TORS might not be required. Free tissue transfer 
is also not feasible in this area. In case the defect 
is large enough to require free flap reconstruction 
[20], a tracheostomy is needed and will most 
likely be done through the flap itself. This 
increases the risk of airway compromise if partial 
dehiscence occurs.

16.2.2	 �Tumor Extent

As noted previously, small tumors (i.e., T1 and 
T2) can be allowed to heal by secondary inten-
tion; this approach is safe and results in satisfac-
tory functional outcomes. As for larger lesions 
(i.e., T3, T4) or for posterior T2 tumors, or when 
the carotid sheath is exposed, or a surgical fistula 
is created, or velopharyngeal compromise is 
anticipated to occur, vascularized tissue is 
required to reconstruct the normal anatomy and 
optimize functional outcomes. Some of these 
lesions may also undergo “hybrid” resections, 
i.e., combining a transoral approach with a small 
pharyngotomy. This is usually followed by a 
“hybrid” reconstruction, where TORRS is per-
formed, and the deepest inset is completed 
through the neck.

16.2.3	 �Prior Therapy

Neck irradiation compromises both the local 
micro- and macrovasculature, making local flaps 
undesirable for reconstruction. Also, prior neck 
irradiation increases the odds for receiving adju-
vant radiation therapy. In such cases, free tissue 
transfer is advocated (even when the defects are 
small enough not to require coverage). This type 
of reconstruction brings in healthy vascularized 
tissue ensuring a durable form of coverage and 
allowing for re-irradiation [10, 13].

16.2.4	 �Patient Factors

Patient performance status constitutes the major 
determinant for any type of surgery. As obesity 
rates are increasing [21], medical comorbidities 
such as diabetes and vascular diseases are becom-
ing more common among all age groups. Such 
conditions compromise perfusion and wound 
healing and thus increase the risk of dehiscence, 
infections, and other wound complications. Tight 
glycemic control in the pre- and postoperative 
period is essential.

More frequent than obesity, however, head 
and neck cancer patients are malnourished and 
suffer from chronic cachexia and muscle wast-
ing. In addition to these factors, significant smok-
ing history and poor cardiopulmonary status may 
also compromise the operative course of such 
patients by making them susceptible to the 
adverse effects of long operative times and gen-
eral anesthesia. It is also important to consider 
the other preoperative patient variables that were 
notoriously associated with poor postoperative 
performance, such as anemia [22, 23], coronary 
or peripheral vascular disease, dysphagia, or a 
history of recurrent aspirations.

16.3	 �Surgical Technique

16.3.1	 �Patient Setup

TORRS is usually combined with TORS (during 
which patient positioning has already been per-
formed). Patients are usually placed in the supine 
position and supported with a shoulder roll to 
provide adequate neck extension. A doughnut gel 
pad is used for occipital scalp protection. Both 
upper and lower extremities are well padded to 
prevent nerve injury, especially for overweight 
and obese patients [24]. TED stockings and 
sequential compressing devices are also applied 
to the lower extremities in an effort to minimize 
deep vein thrombosis.
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16.3.2	 �Robotic Setup

The setup for the robotic portion is similar for all 
TORRS cases [9]. First, an optical window is cre-
ated in the mouth. When the tongue base is not 
involved, a Dingman retractor is placed in the 
mouth to create a stable interdental opening and 
provide lingual retraction; other retractors have 
also been tested for this use and were employed 
clinically [25]. When reconstruction of the base 
of tongue is however required, the tongue must 
remain mobile. A cheek retractor is placed to 
maintain a stable frame, a mouth prop is used to 
create a wide interdental opening, and a suture is 
placed at the tip of the tongue for manipulation 
(Fig. 16.2).

16.3.3	 �Robotic Docking

The exact location and position of the patient side 
cart depends on the location of the defect. Since 
the robotic arms function best when the working 
area is lined up with the base and when the arms 
are working back toward it, it is recommended to 
position the robot at 45° from the foot of the right 
side of the operating table for defects located in the 
right tonsillar area. Whereas when the defect is in 
the left tonsillar area, 45° from the foot of the left 
side is preferred. For central or posterior 
pharyngeal defects, either of these two positions is 
acceptable. In any case, the patient side cart should 
be against the base of the bed, in order to bring it 
as close as possible to the mouth. When operating 
on the palate, it would be more convenient to bring 
the robot in from the head of the bed.

In all of these settings, the two robotic arms 
are aligned around a point converging at the tar-
get anatomy in the oropharynx. The shoulders of 
the three arms should be angled at 90°, and the 
arms should form approximately 45° angle with 
the endoscope.

16.3.4	 �Robotic Flap Inset

Following flap elevation, inset within the mouth is 
performed using two 8 mm needle drivers and 4.0 
or 3.0 Vicryl sutures. Two needle drivers are prefer-
able to a needle driver and grasper because it is 
sometimes necessary to place sutures with both 
arms of the robot (depending on the angle and loca-
tion within the oral cavity). The suture is trimmed 
to approximately 3 in. in length, in order to avoid 
extra suture material in the mouth. Interrupted 
sutures are placed and tied using human arms. 
Economy of motion is important because small 
movements at the tips of the instruments corre-
spond to large movements more proximally. 
Excursion of the robotic arms is limited by the area 
within the mouth retractor. On occasion, when the 
space is too restricted, such as in the glossopharyn-
geal sulcus, sutures can be placed robotically, tak-
ing advantage of the improved visualization and 
dexterity, and then tied down blindly by hand.

Fig. 16.2  Representative illustration of the robotic setup 
for oropharyngeal surgery. A Dingman oral retractor is 
used to keep the mouth open. Two robotic arms and an 
endoscope are used to operate
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16.3.5	 �Robotic-Assisted 
Microvascular Anastomosis

Once the robotic portion of the inset is per-
formed, the arms can be removed from the 
mouth, instruments changed, and then placed 
back in proximity to the neck vessels. Arms no 1 
and 2 are equipped with Black Diamond 
Microneedle drivers, rather than the larger jawed 
needle drivers used during the inset. A third arm 
equipped with a “fine tissue forceps” attachment 
serves as a stationary assistant, and the surgeon 
is able to toggle back and forth between arms no 
1 and 3, depending on which one is being used to 
position the vessel and which is being used to 
saw. 9.0 nylon sutures are commonly used for 
the anastomosis.

Robotic microvascular anastomosis is a prom-
ising technique. The facial artery is the most uti-
lized recipient artery. It courses beneath the 
hypoglossal nerve and underneath the digastric 
sling, often high under the body of the mandible. 
If the patient has tracheostomy, the space avail-
able to perform the anastomosis may be confined. 
The robot’s precision and visualization in 
restricted spaces address such issues and permit 
microanastomosis to be performed with much 
more confidence. The robot actually adds preci-
sion and a high definition 3D vision to any type 
of microanastomosis (whether in a challenging 
environment or not). This made the robotic plat-
form inherently more precise than the human 
hand in any micro-setting.

Due to lack of haptic or tactile feedback, care-
ful attention to visual cues is vital, particularly 
when it comes to setting down the knot. It is 
important to maintain equal slack in both ends of 
the suture, and to minimize movement of the 
anastomosis while tying (as this represents a dif-

ferential in applied tension), and to only pull until 
the air in the knot disappears. These measures are 
essential to minimize vessel trauma. Due to 
poorly designed robotic microsurgical instru-
ments with broad and flat tips and with diamond 
dust coating (Diamond Microneedle drivers), 
attention is needed to avoid inadvertent cutting of 
the suture.

16.4	 �TORRS Advantages 
and Disadvantages

TORRS benefits from the all advantages offered 
by the robotic platform (enhanced precision, 
improved dexterity, enhanced hand-eye coordi-
nation, ergonomic positioning, and smooth 
patient recovery). These have rendered many sur-
gical approaches, previously technically difficult 
or unfeasible, now possible.

Although rapidly developing, TORRS tech-
nology has not yet achieved its full potential due 
to a few limitations. These limitations are those 
of the general robotic platform which include 
among others, technical constraints, lack of hap-
tics, size of the devices, instrumentation limita-
tions, lack of flexibility of certain energy devices, 
and problems with multi-quadrant surgery. 
Another important question affecting broader 
application of robotic-assisted surgery is learning 
curve. When operating the robot, a comprehen-
sive understanding of its mechanics, kinetics, and 
operative dynamics is a major prerequisite; basic 
functionality alone is not enough [26]. Moreover, 
for robotic microsurgery, considering its techni-
cal complexity and the consequences of its fail-
ure, advanced teaching modules and robust 
learning assessment tools are needed to ensure a 
solid training and safe use [27].
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16.5	 �Conclusion

Adapting the robotic platform for the resection 
(TORS) and reconstruction (TORRS) of head 
and neck malignancies seems a very advanta-
geous approach in terms of both oncologic and 
functional outcomes. TORRS allowed access to 
the difficult anatomy of the oropharynx and 
achieved the goals of reconstruction, which are 
preservation of a competent velopharyngeal 
sphincter, a watertight seal between the phar-
ynx and neck, and adequate sensation and vol-
ume in the tongue base. Widespread application 
of this beneficial technology is dependent on 
minimizing cost and implementing training 
programs. Currently, most residency programs 
in the United States have not yet placed enough 
emphasis on robotic surgery training. 
Developing competency to perform robotic 
procedures is left to individual hospitals. 
Students, residents, and fellows should make 
every effort to keep up and follow all the new 
innovations in robotic surgery as this technol-
ogy is most likely to reshape the way head and 
neck surgery is practiced.

16.6	 �Case Examples

Case 1
A 74-year-old male, with a history of T2 N1 M0 
right tonsillar squamous cell carcinoma treated 
with primary radiation therapy in the distant past, 
developed subsequently a T2 N0 M0 left tonsillar 
squamous cell carcinoma (Fig. 16.3). He under-
went transoral robotic resection. The defect 
included the posterior tonsillar pillar, a portion of 
the soft palate, and a portion of the posterior phar-
ynx. The overall defect was small, but the carotid 
sheath was exposed, and there was a concern for 
velopharyngeal incompetence. Hence, a left-
sided, inferiorly based facial artery musculomu-
cosal (FAMM) flap was planned. The flap 
extended from the ipsilateral retromolar trigone to 
the frenulum of the gingivobuccal sulcus. It was 
passed over the third molar and into the defect to 
reconstruct the posterior tonsillar pillar (Fig. 
16.4). A Dingman retractor was used to maintain 
an interdental opening and to retract the cheeks 
and tongue. Inset of the flap was performed robot-
ically. Absorbable sutures were used. A bite block 
was placed to protect the pedicle.

a b

Fig. 16.3  Left tonsillar cancer (a). Resected specimen using TORS (b)
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a b

dc

Fig. 16.4  Left facial artery musculomucosal (FAMM) 
flap planned to reconstruct a defect created after resecting 
a left tonsillar cancer. TORRS enhances visualization and 

dexterity during flap inset. (a, b) Flap design and harvest. 
(c) Flap transposition to the surgical defect. (d) Donor-site 
closure
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Case 2
A 62-year-old man presented with a recurrent T3 
N1 M0 left posterolateral pharynx squamous cell 
carcinoma following radiation therapy in the 
past. He underwent transoral robotic resection 
with a small lateral pharyngotomy and a left neck 
dissection (Fig. 16.5). Although the pharyngot-
omy was small (~15 cm2), a large portion of the 
pharynx (~50 cm2) was resected from the epiglot-
tis to the soft palate. A 6 ×  9 cm radial forearm 
flap was used (Fig. 16.6). The upper pharyngeal 
component was inset robotically, and the 

remainder of the inset was performed through the 
pharyngotomy. The patient side cart, which was 
already in place from the robotic resection and 
inset, was adjusted, and the robotic arterial anas-
tomosis carried out successfully (Fig. 16.7). The 
venous anastomosis was then coupled under loupe 
magnification. The patient was decannulated, dis-
charged within a week, and passed a modified 
barium swallow study 3  weeks postoperatively 
(Fig. 16.8). His speech and swallowing are nor-
mal, and he is tolerating a regular diet not needing 
any tube feeding (Fig. 16.9).

Fig. 16.6  A radial forearm fasciocutaneous free flap was 
harvested in preparation for robot-assisted inset

Fig. 16.7  Robotic microvascular anastomosis of the 
radial artery to the left facial artery

a b

Fig. 16.5  (a) Recurrent left squamous cell carcinoma of the anterior tonsillar pillar. (b) Surgical defect after robotic 
resection
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Fig. 16.8  Modified barium swallow following TORRS 
of the oropharynx using a radial forearm free flap; no evi-
dence of leakage or aspiration

Fig. 16.9  Pre- and postoperative appearance following 
TORS and TORRS of a left oropharnygeal cancer. The 
use of the robot provided improved visualization and sur-

gical manipulation while obviating the need for lip and 
mandible splitting
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Robotic Otology
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17.1	 �Introduction

Otologic surgery is an attractive otolaryngologic 
field for the implementation of robotic systems as 
a means to improve surgical outcome. In particu-
lar, given the physical millimetric restrictions in 
surgical access to inner ear sites and the micro-
scopic anatomical elements within the middle ear 
space, surgical precision is of paramount impor-
tance during these cases.

The introduction of the otologic microscope 
to the field during the 1950s led to a revolution in 
otologic surgery [1], effectively making a myriad 
of previously unthinkable surgical maneuvers 
physically possible. The breakthrough of micro-
scopic visualization coupled with the use of the 
high powered dental-type burrs, along with con-
tinuous suction and irrigation in place of the mal-
let, gouge, and rongeur forceps, gave rise to a 
whole new field of surgical hearing restoration. 
Examples include different tympanoplasty and 
stapes surgical techniques, mastoidectomy with 
safe facial recess drilling, cochleostomy, labyrin-
thectomy, and improved cholesteatoma extirpa-
tion, just to name a few. More recently, endoscopic 

otologic surgery has become a popular and 
burgeoning alternative to traditional binocular 
microscopic approaches [2]. Many advantages 
relative to the microscope are reported. For one, 
there is a dramatically improved field of view 
with comparable or improved magnification of 
the middle ear space. The endoscopes allow for 
visualization “around corners,” clefts, and 
recesses. No longer are areas of the middle ear 
“hidden” from view. In fact, a whole realm of 
middle ear anatomy is being defined due to the 
improvement in optics conferred by the endo-
scope [3]. Regardless of microscopic or endo-
scopic visualization, precision in terms of optics 
and magnification are crucial factors for otologic 
surgery.

A second aspect of otologic surgery, attrac-
tive for robotic applications, is that the anatom-
ical components of the ear, housed within the 
confines of the temporal bone, are fixed in bone 
and as such are highly predictable and stable in 
terms of the limits of their location and limits of 
dissection. With increasing resolution of tem-
poral bone imaging ostensibly resulting in 
improved segmentation of middle ear struc-
tures, it is becoming increasingly feasible to 
preprogram the location and physical extent of 
critical landmarks into complete or partial auto-
mation systems for otologic surgery, including 
robotics. As an example, for cochlear implanta-
tion (CI), there are critical structures that need 
to be avoided, and an accurate path has to be 
opened through the bone to expose and enter 

P.R. Tabrizi, PhD • R. Monfaredi, PhD • W.P. Liu, PhD  
R.H. Taylor, PhD • K. Cleary, PhD  
D. Preciado, MD, PhD (*) 
Sheikh Zayed Institute for Pediatric Surgical 
Innovation, Children’s National Health System,  
111 Michigan Av NW, Washington, DC 20010, USA
e-mail: dpreciad@cnmc.org

17

mailto:dpreciad@cnmc.org


162

the cochlea at a specific and precise location, 
relative to the round window. Appropriate 
cochleostomy placement is critical to allow for 
scala tympani cochlear electrode array inser-
tion. Recent studies, however, suggest that a sig-
nificant proportion of cochlear implant surgeons 
do not adequately position the cochleostomy 
anterior inferior to the round window, into the 
scala tympani [4, 5]. Arguably, this is attributed 
to the fact that less experienced surgeons are 
more likely to have inadequate exposure of the 
round window through the facial recess. This is 
in part likely due to a fear of injuring the facial 
nerve, causing some to leave the bone overlying 
the nerve undrilled, incompletely opening the 
facial recess and obscuring the round window 
view. Other potential factors that contribute to 
an inadequate cochleostomy placement include 
variable round window anatomy, a poor angle of 
visualization approach, and a lack of under-
standing of cochlear anatomy. These factors are 
especially prevalent in cases involving very 
young or otitis-prone children with poorly pneu-
matized mastoids, in complicated revision 
cases, or in cases with complex or absent bony 
landmarks. Indeed, increasingly precise surgical 
robotic systems capable of providing either 
immediate intraoperative feedback of temporal 
bone anatomy or further automating temporal 
bone surgery could potentially be revolutionary. 
This is true not only in cochlear implantation 
but in other otologic procedures, such as those 
requiring hearing preservation to remove cere-
bellopontine angle tumors, petrous apex 
approaches, and labyrinthectomy.

Despite these attractive characteristics for the 
usage of robotic systems in otologic surgery, as 
of yet no such system has been implemented for 

widespread clinical use. Perhaps the most amount 
of progress has been made in the development of 
a fully automated CI robot, but clinical accep-
tance and implementation remains to be seen. 
This chapter will review work done in the field of 
otologic robotic surgery and articulate advan-
tages of these efforts along with potential current 
limitations or roadblocks to widespread surgical 
utilization.

17.2	 �Definitions

17.2.1	 �Robot

The term “robot” was coined by the Czech play-
right Karel Capek in 1921 [6]. The word “robot” 
is from the Czech word “robota” which means 
forced labor [6]. Since that time, robots have 
developed for a variety of applications such as 
manufacturing, surgery, rehabilitation, aero-
space functions, home service, military pur-
poses, rescue missions, inspection, sports, and 
entertainment.

17.2.2	 �DOF

An object has n degrees of freedom (DOF) if its 
configuration can be minimally specified by n 
parameters [7]. A rigid body in three-dimensional 
space would normally have six DOFs, three 
translational (up and down, left and right, for-
ward and backward) and three rotational (roll, 
yaw, and pitch). A human arm has seven control-
lable DOFs in total; three DOF are provided by 
the shoulder, one by the elbow, and three by the 
wrist [6].
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17.3	 �History of Robotics 
Including Medical Robotics

The first application of robot in the surgery field 
was in a neurosurgical procedure in 1985 [8]. 
This robot was named the PUMA 560 and 
applied to improve the position accuracy of a 
needle for the computerized tomography (CT)-
guided brain tumor biopsies. However, its use 
was stopped because of specific safety issues. 
Three years later, using the same machine at the 
Imperial College in England, a transurethral 
resection of the prostate was performed [9]. 
This system was called the PROBOT and 
became the first self-navigated, robotic-based 
surgical procedure. The navigational plan con-
sisted of a three-dimensional model of the pros-
tate, and the determination of the resection area 
by the surgeon. Using this plan, the calculation 
of the cutting trajectories and execution of the 
procedure was carried out by the robot. A few 
years later in 1992, the ROBODOC was devel-
oped by International Business Machines (IBM, 
New York, USA) Corporation and associates to 
help surgeons to mill out precision prosthetic 
fittings in the femur for total hip replacement 
[10]. This became the first robot approved by 
the Food and Drug Administration (FDA) for 
medical use. Simultaneously, robotic telepres-
ence or telesurgery technology was developed at 
the Stanford Research Institute (SRI), National 

Aeronautics and Space Administration (NASA), 
and the Department of Defense (DOD) [11]. 
These efforts developed the technologies for 
surgeons to remotely perform procedures at a 
distance from the operating room, with target 
applications such as immediate operative care in 
the battlefield. The commercialization of immer-
sive telepresence for robotic medical laparos-
copy (where a surgeon can operate across the 
room from a patient by directing robotic arms 
via controls and a video display) was achieved 
with the da Vinci Surgical System (Intuitive 
Surgical Inc., Sunnyvale, CA), [12]. It received 
FDA approval in 2000 as the first comprehen-
sive robotic system for laparoscopic surgery. 
Aside from a vision console, this robotic system 
consists of a surgeon-side console (master), 
controlled by a surgeon, and a patient-side con-
sole (slave), a robotic module consisting of 
three or four arms, one for holding the laparo-
scope and rest of the arms for surgical instru-
ments. These instruments are inserted into the 
patient through ports similar to those used for 
laparoscopic/endoscopic surgery. The arms of 
the slave console follow the commands received 
from input manipulators on the surgeon-side 
console (Fig. 17.1 from [13]).

Using this system, tremor filtering, movement 
scaling, increased range of motion, and improved 
ergonomics could be achieved. The input manip-
ulators allow for seven DOFs, i.e., the surgeon 

Fig. 17.1  Da Vinci Surgical System 2010 Intuitive Surgical, Inc. (With permission) [13]
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can roll; pitch; yaw; move in x, y, z direction; and 
grip using the laparoscopic tools. The imaging 
system provides the surgeon with a high-
definition, 3D magnified image of the operative 
field with the use of two independent cameras in 
the dual-channel endoscopes [6].

Around the same time of the introduction of 
the da Vinci robot, Computer Motion (merged 
with Intuitive Surgical Inc. in 2003) revealed the 
AESOP (Automated Endoscopic System for 
Optimal Positioning) as the first laparoscopic 
camera holder, while voice activation was added 
later [12]. After that, Computer Motion produced 
an integrated robotic system termed the ZEUS 
surgical system [11, 12]. ZEUS has three robotic 
arms that are mounted on the operating table 
[14]. One robotic arm is AESOP, which helps the 
surgeon with a better vision from inside the 
patient’s body. The other two arms of ZEUS are 
the extension of the left and right arms of the sur-
geon to support precise incisions and extractions. 
Similar to the da Vinci system, surgeons sit at a 
console and wear special glasses to see a three-

dimensional image. However, ZEUS differs from 
the da Vinci system because its AESOP part can 
respond to voice commands. The FDA cleared 
AESOP and ZEUS in 1994 and 2001, 
respectively.

Historically, robotic have contributed to and 
impacted surgery areas such as neurosurgery, 
orthopedics, maxillofacial, ophthalmology, urol-
ogy, gastrointestinal surgery, and cardiac surgery 
[12]. The da Vinci robot has been used in many 
different procedures such as cardiothoracic 
surgery, general surgery, gynecology, and urol-
ogy [15]. For example, in glottis cancer, the 
adaptation of laser cutters to the suite of da Vinci 
robotic instruments has made a robotic approach 
practical [16]. What’s more, the design of flexi-
ble robots advances robotic surgery further by 
addressing the limitations related to rigid endos-
copy [16]. Recently, intraoperative image-based 
techniques have also been shown to help sur-
geons to more accurately localize and to reach 
desired structures without violating neighboring 
critical structures [17–19].
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17.4	 �Advantages and 
Disadvantages of Robotics 
in the Medical Field

Compared to conventional open surgery, robots 
have been purported to provide many advantages. 
A list of these advantages, paramount in otologic 
surgery, is summarized below [6]:

	1.	 Increased accuracy and surgical precision
	2.	 Improved three-dimensional visualization and 

magnification relative to binocular microscopy
	3.	 Less invasive access with the potential for 

minimizing recovery time and downstream 
surgical costs

	4.	 Improved stability through scaling of surgical 
maneuvers

	5.	 Improved ergonomics for the surgeon
	6.	 Better access due to afforded higher degree of 

freedom
	7.	 Articulation beyond normal manipulation
	8.	 Ability to perform operations from a distance 

(telesurgery)

In spite of the main advantages acquired by a 
surgical robot, some limitations have been 
reported as well [6]:

	1.	 High initial and subsequent maintenance costs
	2.	 Need to train surgeon and staffs
	3.	 Prolonged learning curve
	4.	 Lack of haptic feedback to the operator
	5.	 Need to get FDA approval, which is expensive 

and time consuming

17.5	 �Robotics in Otologic Surgery

Robotic systems in otologic surgery can be cate-
gorized in three classes: (1) telerobotic, (2) coop-
erative, and (3) autonomous robotic system. Each 
category is described below.

Previous efforts incorporating robotics into 
otologic surgery are summarized in Table 17.1 
and will be further discussed below.

17.5.1	 �Telerobotic Systems

This type of robotic system consists of a master 
and a slave component with a surgeon included in 
the control loop. In other words, the surgeon uses 
a master robot or a joystick to send commands to 
the slave robot to perform a task on a patient. 
Telerobotic systems consist of two different types: 
(1) unilateral telerobotic system and (2) bilateral 
telerobotic systems. Unilateral telerobotic system 
does not provide force feedback on the master 
side, while bilateral telerobotic systems provide 
force feedback on the master side. For example, 
the da Vinci robot is a unilateral telerobotic sys-
tem. Otologic surgery is exceedingly delicate as 
Nguyen et al. [20] showed that a 5 μm positional 
resolution and an angular resolution of 0.3° are 
required. This degree of accuracy is quite difficult 
to achieve for even the most skilled surgeon. 
However, a telerobotic system which supports 
position scaling could possibly make this level of 
accuracy more universally attainable. Improved 
visualization within the middle ear could also be 
achieved by powerful high-definition endoscopic 
systems, held distally in the surgical field, thus 
preserving the field of vision.
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17.5.1.1	 �Examples in Otologic 
Surgery

•	 RobOtol [20]: Nguyen et  al. developed a 
telerobotic system including a master robot 
and a slave robot. The slave robot’s kinematic 
chain was composed of three perpendicular 
linear links at the base and three rotary links at 
the distal part of the arm, as shown in Fig. 17.2. 
During otologic surgery, the field of view is 
quite limited. The vision axis and the approach 
are almost collinear. The tools have to be very 
thin and are held far from the tip to avoid 
blocking of the target. To reduce the visual 
impairment, a cable transmission mechanism 
was used to allow for the placement of the two 
last actuators at the base of the robot arm. The 
master robot consists of the surgeon control-
ling the arm remotely using by a pen-like inter-
face with six degrees of freedom (Phantom 
Omni, Sensable Technologies, Inc., Woburn, 
MA). Otosclerosis surgery was considered as a 
model to define the specifications of this robot 
for a tele-operated otologic surgery. The proto-
type was tested in human temporal bone speci-
mens by otologists. Duration of procedure, 

distance covered by the tool, and the number 
of times the emergency button was pressed 
were three measures that were considered dur-
ing the evaluation of the system performance 
in both position mode and velocity control 
mode. The operator was able to reach all four 
target points on the tympanic membrane, the 
stapes footplate, and the round window in all 
three temporal bones in velocity command 
mode. Incus-stapes disjunction and stapes 
removal were performed successfully under 
the microscope and with the endoscope in two 
temporal bones. All participants were able to 
complete placement of the piston prosthesis in 
the stapedotomy in both velocity-to-position 
and position-to-position command modes.

•	 Modified tool for the da Vinci robot [21]: Liu 
et al. reported on a cadaveric feasibility study 
of usage of the da Vinci system for cochlear 
implantation. For this purpose, the group 
developed an attachment which allowed for a 
pneumatic-powered drill to be coupled to one 
of the working arms of the da Vinci robot, as 
shown in Fig. 17.3. For this study, integration 
of augmented reality through segmentation of 

Table 17.1  Summary of reported robotic system studies in otologic surgery

Author name and year of 
publication Type of robot Study type Clinical application Figure number

Nguyen et al. [20] 
(2011)

Telerobotic system
6 DOF

Phantom Stapedectomy 2

Liu et al. [21] (2014) Telerobotic system
7 DOF

Cadaveric 
(*N = 1)

Cochlear implant 3

ROTHBAUM et al. 
[23] (2002)

Cooperative robotic 
system
6 DOF

Phantom Stapedectomy 4

Majdani et al. [27] 
(2009)

Autonomous robotic 
system

Phantom Cochlear implant 
electrode insertion

5

Schurzig et al. [26] 
(2010)

1 DOF

Bell et al. [17] (2012) Autonomous robotic 
system
5 DOF

Cadaveric 
(N = 15)

Cochlear electrode 
insertion

6

Dillon et al. [18] (2014) Autonomous robotic 
system
4 DOF

Phantom Temporal bone milling 7

Danilchenko et al. [19] 
(2011)

Autonomous robotic 
system
6 DOF

Cadaveric (N = 3) Mastoidectomy 8

*N Number of studies
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cone-beam high-resolution CT scans of the 
temporal bones was incorporated into the sur-
geon’s 3D endoscopic view. Successful com-
pletion of the entire surgery was completed in 
two bones, and the authors noted many possi-
ble advantages, afforded by a telerobotic sys-
tem, which are listed below. However, the 
authors also reported several disadvantages, 
when comparing the da Vinci approach to con-
ventional microscopy, with limitations that 
can possibly preclude the system from clinical 

implementation. First, the magnification of 
the robotic 3D endoscope for improved visu-
alization through the posterior tympanostomy 
was felt to be noticeably inferior. Second, the 
study reported that the existing robotic arm 
surgical tools, such as the suction irrigator, 
were found to be too large for dissection 
through the posterior tympanostomy approach 
to the cochlea. However, though the lack of 
haptic feedback is an undesired effect, it was 

actually found to be not a significant limita-
tion through sensory substitution through 
auditory feedback of the high rpm drill.

Advantages and disadvantages of telerobotic 
system for ear surgery are listed next.

Advantages
•	 Force scaling
•	 Position scaling
•	 Surgeon’s hand tremor elimination

•	 Comfortable pose for surgeon
•	 Safety enforcement using forbidden zone con-

cept (virtual fixture)
•	 Improved dexterity in limited space because 

of small slave robots
•	 Better line of sight

Disadvantages
•	 Limited perception of contact by surgeon for 

unilateral telerobotic system

a b

Fig. 17.2  Telerobotic system. (a) Phantom Omni interface (Master robot), (b) the RobOtol prototype (Slave robot) 
[20]

Suction
irrigator

Drill
Tool

adapter

Fig. 17.3  Operating room with the da Vinci Si for otologic surgery. Inset is a close-up of the initial position of the 
endoscope, suction/irrigator, and drill attached with the custom tool adapter (With permission) [21]
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•	 Possibility of instability highlighting the 
requirement for more robust control system 
for bilateral telerobotic system

•	 Lack of haptic feedback in currently available 
commercial systems such as the da Vinci.

•	 Longer procedure time with currently avail-
able systems

17.5.2	 �Cooperative Robotic System

Cooperative robotic system are designed to 
extend human performance to permit fine manip-
ulation tasks that are normally considered diffi-
cult or impossible and allow for even less 
experienced surgeons achieve higher perfor-
mance outcomes. In this type of robotic system, 
the surgeon and the robot cooperate to perform a 
task. Robotics are therefore incorporated to allow 
surgeons to overcome to human natural physical 
limitations in both dexterity (tremor, jerk, drift, 
and overshoot) and tactile sensitivity [22, 23].

According to the Committee on Hearing and 
Equilibrium, primary stapedotomy has a 
reported success rate of approximately 70  %. 
Complications associated with stapedotomy typ-
ically result from either cochlear or labyrinthine 
trauma. As manifested by decreases in pure tone 
thresholds and speech discrimination scores, 
cochlear trauma leads to sensorineural hearing 
loss in 5–15  % of patients. Vertigo occurs in 
approximately 2 % of patients. For stapedotomy, 
surgical skill is among the most important vari-
ables predicting outcome. In fact, it has been 
postulated that given a wide large learning curve 
for this surgical procedure, only surgeons with 
significant experience should perform the opera-
tion [24, 25].

17.5.2.1	 �Examples in Otologic 
Surgery

•	 Steady-hand (SH) robot [23]: In the SH 
robotic system, the operator shares the control 
of surgical tool with a robot arm, as illustrated 
in Fig. 17.4. The surgeon and robot co-
manipulate the surgical tool. The robot senses 
the forces exerted by the surgeon on the han-
dle as well as the tool-tip forces and synthe-
sizes this information to provide tremor-free 
positional control. The SH robot dampens 
high-frequency movement (i.e., tremor) like a 
viscous system. While using the SH robot, the 
surgeon has reported to feel like he/she is 
manipulating the surgical tool in a “viscous 
fluid.” For certain tasks, the SH robot has been 
shown to enhance dexterity.

Rothbaum et al. performed experimental stud-
ies using SH robot and a surgical model of sta-
pedotomy based on a human temporal bone, to 
show the effect of force feedback provided by 
cooperative robots on five fenestrations under 
three different experimental conditions: (1) free 
hand (FH), that is, no robotic assistance, (2) 
robotic assistance with 1:1 force feedback (force-
feedback mode), and (3) robotic assistance with 
2:1 force scaling (force-scaling mode). For evalu-
ating the efficacy of SH robot, stapedotomy per-
formance was investigated and compared for (1) 
manual and (2) with robotic assistance. 
Furthermore, to evaluate subspecialty expert/nov-
ice differences, the performance of micropick 
fenestration of the stapes footplate was studied. 
The SH robot significantly (approximately 58 %) 
reduced the cumulative force applied to the stapes 
footplate in the force-feedback mode. Cumulative 
force was not significantly affected by surgeon 
experience. Neither surgeon experience nor SH 
robotic assistance affected maximum force or fen-
estration targeting (displacement) in force-feed-
back mode. Both cumulative force and duration of 
fenestration were significantly reduced by SH 
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robot assistance in force feedback. Tremor reduc-
tion significantly affected two performance vari-
ables: (1) cumulative force applied to the stapes 
footplate and (2) fenestration targeting. The 
reductions in the duration of fenestration caused 
reduction in cumulative force. According to 
Rothman et al., the mechanism by which tremor 
reduction decreases duration of fenestration is 
uncertain; perhaps the steadying nature of the sys-
tem could make operators more confident in the 
precise movements of fenestration.

Advantages and disadvantages of cooperative 
robotic system for ear surgery are listed next.

Advantages
•	 Surgeon’s hand tremor elimination.
•	 Safety enforcement using forbidden zone con-

cept (virtual fixture).
•	 More precise motions.
•	 Force feedback and force-scaling may be 

integrated.

Disadvantages
•	 May limit dexterity of the surgeon.
•	 Robot may obstruct the surgeon’s line of sight 

and requires that the surgeon modify the angle 
of approach to the footplate.

•	 Longer procedure time.

17.5.3	 �Autonomous Robotic System

In an autonomous robotic system, the robot itself 
can perform part of or the entire task. In ear sur-
gery, this kind of robot usually requires preopera-
tive imaging, such as MRI or CT data, to perform 
path planning. In the field of otology, a main task 
of otological cases is the mastoidectomy, in 
which bone is milled away while exposing but 
not damaging vital anatomy. Mastoidectomy 
could be a good fit for an autonomous robotic 
approach since: (a) the tissue to be resected is 
encased in rigid bone, and (b) critical anatomical 
features remain hidden until they are revealed by 
ablation. The first of these two reasons makes 
surgery with the autonomous robot feasible; the 
second makes it useful since less intracochlear 
trauma would occur especially considering that 
the rupture force of the basilar member in a 
human cadaver is 0.029–0.039 N [26]. The robot, 
guided by images that see beneath the surface, 
can safely ablate bone to which the human opera-
tor would be blind.

The rigidity of bone is essential because it 
ensures that the three-dimensional structure of 
the target anatomy remains the same during pre-
operative imaging/planning and during subse-
quent intervention.

Fig. 17.4  The Johns 
Hopkins University 
steady-hand robot for 
cooperative human-
machine microsurgical 
manipulation [22]
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17.5.3.1	 �Examples in Otologic 
Surgery

•	 A.K. A robot [26, 27]: Labadie et al. applied an 
automatic robotic cochlear implant insertion 
tool with the Advanced Off-Stylet (AOS) 
technique, in which the stylet and electrode 
array are withdrawn simultaneously, to insert 
the electrode array into an anatomically cor-
rect, three-dimensional scala tympani model 
(Med-el Corporation; Innsbruck, Austria). 
The main advantage of AOS technique is the 
decreased likelihood of intracochlear damage 
by restricting the physical contact between the 
electrode array and the lateral wall of the 
cochlea. The robot had one degree of freedom 
and used two independent piezoelectric step 
motors with positional accuracy of 1 μm and 
maximum velocity of 5  mm/s (SmarAct 
GmbH; Oldenburg, Germany). The electrode 
array was grasped by a modified surgical alli-
gator forceps, and stylet was held via a stain-
less steel hooked wire. During the insertion, 
the force resulting from the contact between 
the electrode array and scala tympani model 
was measured by four semiconductor strain 
gauges (model SS-060-033-1000 PB; Micron 
Instruments, Inc.; Simi Valley, CA) coupled to 
the insertion tool. In Fig. 17.5, the experimen-
tal setup using a scala tympani model is 
shown. The insertion force generated by this 
technique was compared with the human 
operators and the robotic insertion tool via the 
traditional technique, in which the stylet is 
removed after complete insertion of the elec-
trode, respectively in [26, 27]. Compared to 
human operators, the robot achieved more 
repeatable results, fewer relative force peaks, 
and slightly higher average force values, may 
not be clinically significant. Additionally, 
beyond 7  mm insertion depth, cochlear 
implant electrode insertion via AOS could 
reach to a significant reduction in both aver-
age and maximal force in comparison with the 
traditional insertion technique.

•	 Bone-attached robotic system [17, 18]: The 
robotic system developed in [17], shown in 
Fig. 17.6, was specifically designed for lateral 
skull-based surgery. It consists of a table-

mounted robotic arm (Fisso, Baitella AG, 
Switzerland), a force-torque sensor (Mini40, 
ATI, USA) for moving the tool tip to any 
desired position by a surgeon, an optical track-
ing system for verifying the tool position, an 
image-guidance system for preoperative and 
postoperative analysis, head fixation system 
(FixIT, Medicon Medical Instruments, 
Germany), and a touch screen interface for 
controlling the robot actions and status. 
Compared to the existing approaches based on 
industrial robots, this robot showed equal or 
better accuracy levels with a better compati-
bility with a clinical environment because of 
its overall weight (5.5 kg) and size (total arm 
length = 65  cm). However, this design was 
dependent on a tracking system and the error 
related to the monitoring and alignment of the 
patient with the robot. To eliminate the men-
tioned limitation, Dillon et  al. proposed a 
compact and bone-attached robot with a pre-
operative CT scan-based plan for temporal 
bone milling [18]. The robot in discussion, 
illustrated in Fig. 17.7, a four-axis milling 

Fig. 17.5  Experimental setup of electrode insertion 
above the scala tympani model [26]
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a

c

d

b

e

Fig. 17.6  Overview of the robot navigation system. (a) The mounted robot to the OR table, (b) a conventional surgical 
drill, (c) a head clamp, (d) an optical tracking system, and (e) a touch screen interface [17]

Gripper attachment mechanism

Surgical drill mounted to robotBrushless DC motors

Anti-backlash
worm/wheel gearbox

Piezoelectric
linear actuators

Attachment
points

Pre-positioning frame

Fig. 17.7  Compact and bone-attached robot with test sample attached the prepositioning frame (PPF) using spherical 
gripper mechanisms [18]

17  Robotic Otology



172

Fig. 17.8  Setup of the 
OTOBOT robotic system 
to perform mastoidectomy 
on patient [19]

machine, consists of piezoelectric linear actu-
ators (SmarAct GmbH, Oldenburg, Germany) 
for moving along the x- and y-directions, a 
brushless DC motor (Maxon Precision Motor, 
Inc., Fall River, MA, USA) with a lead screw 
for moving along the z-direction, and a brush-
less DC motor and anti-backlash worm-wheel 
gearbox (Gysin AG, Itingen, Switzerland) for 
rotating about the x-direction. Moreover, the 
robot was attached to the patient via three tita-
nium spheres on a prepositioning frame (PPF). 
Preoperative planning for the robot trajectory 
incorporated cutting velocity and drill angle 
considerations, which was determined through 
the segmentation of critical structures and tar-
get volume from CT images registered to the 
patient by the three spheres in the PPF. The 
trial results on a phantom showed that the pro-
posed robotic system was accurate and the 
experimentally removed volume did not over-
lap with the critical structures.

•	 OTOBOT [19]: Danilchenko et al. reported the 
first usage of an autonomous robot for percu-
taneous placement of a cochlear implant in a 
cadaveric model using infrared tracking to 
monitor the motion of both the specimen and 
the robot. In their work, a developed version 
of the OTOBOT system was used, which 
incorporates a Mitsubishi RV-3S industrial 
robot (Mitsubishi Electric & Electronics USA, 
Inc., Cyprus, CA) controlled by custom soft-

ware. Also, bone-implanted markers were 
applied to register the physical space to CT 
image space, in which the boundaries of the 
regions to be milled were specified. In Fig. 
17.8, the configuration of the developed sys-
tem is presented. Based on the acquired 
results, the proposed system is accurate and 
reliable, but its performance is dependent on 
the registration accuracy level.

Advantages and disadvantages of autonomous 
robotic systems for ear surgery are listed next.

Advantages
•	 The target volume to be removed is manually 

identified by the surgeon preoperatively.
•	 Consistent outcome independent of the 

surgeon.
•	 Preplanning to avoid facial nerves and veins.
•	 May result in shorter time of procedure.

Disadvantages
•	 Risk of damage to critical structures if pre-

planning is not accurate enough.
•	 Setup time may prolong the procedure time.
•	 Possible requirement for multiple CT scans 

with attendant radiation exposure, i.e., both 
the preoperative and intraoperative CT scan.

•	 Necessity for surgeons and patients to take a 
“leap of faith” in terms of allowing a robot to 
complete the surgery from beginning to end.
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�Conclusion

Otologic surgery combines difficulties of 
microsurgery and endoscopic surgery. This 
surgery is performed on fragile millimetric 
structures. Therefore, precise control of move-
ment and forces under microscopic magnifica-
tion (up to 40 times) is a necessity. In addition, 
many tasks are performed through a keyhole 
approach represented by the external auditory 
canal. Thus, to maximize the field of vision, 
appropriate instruments should be thin and 
long. Therefore, endoscopes are less likely to 
be employed in ear surgery due to their large 
diameters and the risk of trauma to the ossicu-
lar chain during placement in the tympanic 
cavity. While several characteristics of the da 
Vinci Surgical System (e.g., remote center of 
motion, near-field 3D vision) may be impor-
tant in the otologic surgery, the current overall 
dimensions of the da Vinci robot, especially 
the distal diameter of its tools (5 mm), seem to 
be too large for otologic surgery.

The researched robotic systems in otologic 
surgery could be categorized in three classes, 
including (1) telerobotic system, (2) coopera-
tive robotic system, and (3) autonomous 
robotic system. As described in the previous 
subsections, each of these categorized robotic 
systems has distinct advantages and disadvan-
tages. Since there are complex anatomy and 
presence of many critical structures embedded 
within the bone area, we believe that the latter 
approach, i.e., image-guided autonomous 
robotic intervention, is well suited for inner 
ear surgery compared to the others. While 
some phantom and cadaveric studies have 
been reported in the literature of this field, 
based on the information summarized in Table 
17.1, and to the best of our knowledge, there is 
no reported clinical study using autonomous 
robotic systems in otologic surgery so far.

As a future work, in order to make the robotic-
assisted otologic surgery clinically practical, the 
following issues should be addressed.

	 1.	 Reduction in the robotic instrument size
	 2.	 Improving the path planning and trajectory 

planning

3.	 Improving patient safety features
4.	 Improving the tactile and haptic perception 

during surgery
5.	 Minimal change in the surgical workflow 

in order to switch ability to the manual pro-
cedures in the case of complication
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Complications and Postoperative 
Care

Eugene L. Son and Neil D. Gross

18.1	 �Introduction

No matter what measures are taken, doctors will 
sometimes falter, and it isn’t reasonable to ask that 
we achieve perfection. What is reasonable is to ask 
that we never cease to aim for it [1]. The da Vinci 
Surgical System (Intuitive Surgical, Inc., Sunnyvale, 
CA) was approved by the US Food and Drug 
Administration (USFDA) in 2009 for transoral 
robotic surgery (TORS) of the upper aerodigestive 
tract. Since approval, TORS has been described for 
the treatment of benign and malignant neoplasms of 
the upper aerodigestive tract. Interest in TORS has 
increased because of its minimally invasive nature 
when compared to traditional open approaches 
that require mandibulotomy for access to the oro-
pharynx. This technology has also been applied to 
surgical procedures for benign indications such as 
obstructive sleep apnea (OSA) including lingual 
tonsillectomy [2]. TORS using the da Vinci Surgical 
System provides high-resolution three-dimensional 

visualization and increased magnification with 
angled scopes [3]. Another system, the Flex Robotic 
System (Medrobotics Corp., Raynham, MA), has 
been developed and was approved for transoral 
surgery by the USFDA in July 2015.

Although TORS has proven to be a less morbid 
approach compared to traditional open surgery, it 
has predictable sequelae and risks of complica-
tions. Sequela can be defined as an expected event 
following surgery. TORS produces the well-recog-
nized sequelae of throat pain, odynophagia, and 
dysphagia. When these sequelae are poorly man-
aged, complications can develop including dehy-
dration, weight loss, and aspiration pneumonia. 
Life-threatening complications can result as well. 
In addition, there is a very serious risk of bleeding 
after TORS with the possibility of airway compro-
mise and death. Self-reported complication rates 
following TORS have been relatively low. Proper 
training, careful technique, and appropriate man-
agement of the sequelae of TORS can lead to a 
decreased rate of complications. In this chapter, 
the incidence and management of sequela and 
complications will be explored.

18.2	 �Sequelae

Swallowing is a complex function with multiple 
coordinated voluntary and involuntary actions of 
the surrounding muscles. There are four stages 
which include the oral preparatory stage, the oral 
stage, the pharyngeal stage, and the esophageal 
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stage [4]. TORS can affect one or multiple sites 
of the upper aerodigestive tract (UADT) causing 
dysfunctional swallowing. When mucosa and 
muscle are violated in the pharynx, the result is 
pain and dysfunction of specific muscles. After 
TORS in the oropharynx, all patients are expected 
to experience odynophagia and dysphagia.

18.2.1	 �Odynophagia

Odynophagia is derived from the Greek roots 
odyno meaning pain and phagia meaning to eat. 
The UADT from the oral cavity to the larynx is 
innervated by branches of cranial nerves V, VII, 
IX, and X.  Postoperative pain is expected after 
surgery in the upper aerodigestive tract. There are 
no guidelines nor studies performed regarding 
optimal postoperative pain management follow-
ing TORS. Opioids are commonly administered 
intravenously in the immediate postoperative 
period. Patient-controlled anesthesia (PCA) can 
be employed for the acute demands expected 
immediately postoperatively, but is not com-
monly used at our institution. The cumulative 
amount of opioid administered within a 24  h 
period can be collected and then converted to a 
scheduled per os (PO) dose with allowance of 
breakthrough doses for outpatient pain manage-
ment. Other classes of pain medication including 
acetaminophen, nonsteroidal anti-inflammatory 
drugs (NSAID), and neurotransmitter modulators 
such as gabapentin may aid as an adjunct but 
have not been well studied for pain control in this 
population. A Cochrane review found periopera-
tive local anesthesia such as lidocaine injection in 
the oropharynx does not reduce postoperative 
pain and does not decrease the need for analge-
sics following routine tonsillectomy [5].

Patients have different thresholds of pain which 
merit individualized titration of medication. In 
general, we start postoperative pain management 
with 5–10 milligrams (mg) of oxycodone oral 
solution every 3–4 h. The liquid form provides an 
easy transition from enteral to oral administration. 
Hydrocodone and codeine elixirs contain acet-
aminophen, which limits the ceiling dose of these 
opioids. Oxycodone is available as a single drug, 
preventing potential toxicity with acetaminophen. 

Intravenous (IV) opioids including morphine 
(2.5–5  mg every 3–4  h) and fentanyl (25–30 
micrograms (mcg) every 1–3  h) are placed as 
standing orders as needed for breakthrough pain. 
In addition to this, acetaminophen and tramadol 
are provided as a third line for breakthrough pain. 
All of these medicines are available in liquid form 
making an easy transition for outpatients after dis-
charge from the hospital. At about 1 week when 
patients have been discharged, patients are called 
to monitor pain control and can be instructed to 
start ibuprofen if the current regiment is not ade-
quate. Currently, there is no evidence on the effect 
of NSAID use on postoperative bleeding. 
Consultation with a pain specialist may be benefi-
cial in patients with a history of chronic pain and 
opioid dependence. It must be stressed that pain 
regiments should be tailored to individual patients.

Administration of steroids after tonsillectomy 
has been shown to decrease throat pain, decrease 
time to resume oral intake, and decrease postop-
erative nausea and vomiting [5]. Until recently, 
there has not been any studies on the effect of 
steroids in the perioperative period specifically 
for patients following TORS.  However, the 
results of an important randomized, double-
blinded, placebo-controlled trial of extended (up 
to 4 days after surgery) administration of dexa-
methasone versus placebo after TORS for oro-
pharyngeal squamous cell carcinoma (OPSCC) 
are expected imminently (unpublished data). In 
the meantime, the best available evidence would 
support a single intraoperative dose of steroids 
such as 8–10 mg of dexamethasone.

18.2.2	 �Dysphagia

Dysphagia can lead to aspiration or inefficient 
swallowing causing pneumonia, malnutrition, 
dehydration, and weight loss [4]. Any significant 
surgical intervention in the oropharynx will result 
in dysphagia. Less extensive procedures (e.g., 
resection of lingual tonsil tissue versus resection 
of tongue musculature) are generally expected to 
result in less dysphagia. Many patients undergoing 
TORS tolerate early initiation of an oral diet and 
have a short hospital length of stay. Vicini et  al. 
reviewed complications after 243 TORS proce-
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dures for sleep-related disorders and reported 
patients returning to mechanical soft diets on an 
average of 1.15 days, ranging from 1 to 4 days [6]. 
Hoff et al. reviewed complications after TORS for 
benign disease in 293 procedures with the average 
hospital stay of 1.8 days [7]. Easa et al. evaluated 
swallowing outcomes for 78 patients that under-
went TORS for OSA [8]. Although they performed 
tracheostomy in 82% of patients, who were all 
decannulated on postoperative day 4, the average 
timing to start PO feeding was 1.05 ± 0.25 days, 
and no patients required feeding tubes. Richmon 
et al. reviewed outcomes after TORS in 91 patients 
treated mostly for OPSCC (86.8%) [9]. The mean 
time to initiation of oral diet was 1.26 days with 
the average length of hospital stay of 1.5  days. 
Early initiation of oral intake was not associated 
with an increase in postoperative complications.

Patients with malignancy undergoing larger 
resections may have longer average hospital stays 
due to the expected increase in severity of dys-
phagia. Moore et al. reported 45 patients under-
going TORS for OPSCC with an average hospital 
stay of 3.8 days (range 1–10 days) [10]. Weinstein 
et al. reported the result of TORS for malignancy 
in 177 patients, who had average hospital stays of 
4.2  ±  2.7  days [11]. The presence of tracheos-
tomy, free flap transfers, and previous therapies 
for malignancy can impact length of stay.

The use of a temporary feeding tube after 
TORS varies depending upon the extent of resec-
tion. We place nasogastric feeding tubes intraop-
eratively in all patients undergoing TORS for 
malignancy. These are removed when the patient 
demonstrates adequate oral intake which is usu-
ally around postoperative day 3–5. Glazer et  al. 
reviewed 166 patients following TORS for OSA 
and reported only 1 patient who required a gas-
trostomy tube, which was removed after 4 months 
[12]. Hoff et  al. reviewed complications after 
TORS for benign disease in 293 procedures and 
only placed feeding tubes in 2 patients intraopera-
tively, both of which were removed on postopera-
tive day 1 [7]. In the setting of resections for 
malignancy, studies show an increased use of 
feeding tubes. Moore et al. reviewed 45 patients 
who underwent TORS for OPSCC with 48.9% of 
these patients having a nasogastric feeding tube 
for an average of 12.5 days (range 2–41 days) [10]. 

Weinstein et al. reviewed 177 patients who under-
went TORS for malignancy and had 6.7% of 
patients relying on a gastrostomy tube for nutri-
tion at 12-month follow-up [11]. Twenty-five per-
cent of these patients had previous radiation 
therapy. Patients without previous radiation had a 
5.0% gastrostomy tube dependency rate. Although 
feeding tube placement is not routine after TORS 
for benign indications, temporary feeding tubes 
are often required after TORS for malignancy 
with a low rate of long-term dependence depend-
ing upon baseline swallowing function and the 
extent of adjuvant therapies applied.

Chia et al. performed a voluntary survey study 
of TORS surgeons in the United States. Their 
results provided normative data after TORS for 
malignancy (88.8%) [13]. 62.2% of the respon-
dents initiated oral diet on postoperative day 0–1 
with a minority of 6.7% respondents delaying oral 
intake until 1 week after surgery. In that study, the 
majority of respondents (71.1%) routinely placed a 
nasogastric feeding tube at the time of 
TORS.  Patients with a history of prior radiation 
therapy had a higher rate of prolonged gastrostomy 
tube dependency at 6.5% compared to those with-
out one at 0.3% (p < 0.0001). The presence of pre-
vious radiation therapy should merit consideration 
of prophylactic placement of a gastrostomy tube.

Preoperative swallow studies are predictive of 
posttreatment swallow function in the setting of 
head and neck cancer. All patients undergoing 
TORS should have a preoperative swallow 
assessment to stratify those patients who may 
potentially have severe dysphagia postopera-
tively [9]. Thus, consultation with a speech and 
language pathologist should be completed rou-
tinely prior to TORS. A modified barium swallow 
study is beneficial prior to TORS in patients with 
substantial baseline dysphagia. The speech and 
language pathologist is also critical for advising 
the safer resumption of oral intake after surgery.

The tumor (T) classification OPSCC has been 
shown to correlate with swallowing outcomes fol-
lowing TORS for malignancy. Hutcheson et al. per-
formed a systemic review of functional outcomes 
after TORS for oropharyngeal cancer [14]. Time 
to oral intake varied by group of T classification 
studied. Studies excluding T4 tumors had earlier 
time to oral diet than ones that included T4 tumors. 
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A study that included only T1 and T2 OPSCC had 
96% of patients beginning oral intake by postoper-
ative day 1. Studies that included all T classes of 
OPSCC had only 51% of patients beginning oral 
intake by postoperative day 1. Therefore, a prophy-
lactic gastrostomy tube should be considered in 
patients undergoing TORS with bulky (T3, T4), 
endophytic cancers.

18.3	 �Complications

Avoidable and unavoidable complications can 
occur after TORS. Exploring the factors that con-
tribute to complications can minimize the fre-
quency and severity of injury. There are a number 
of complications that can be expected after TORS 
with postoperative bleeding being the most 
deadly. Chia et al. conducted a multi-institutional 
survey with TORS-trained surgeons (45 surgeons 
responded) performing a combined 2015 proce-
dures [13]. There was an overall major complica-
tion rate of 10.1%. Postoperative bleeding was the 
most common complication at 3.1% (Table 18.1).

An increased risk of complications may be 
seen in OSA patients. Richmon et  al. reported 
43% of OSA patients undergoing TORS experi-
enced at least one complication compared to 10% 
of non-OSA patients (p  =  0.04). The authors 
attributed the increased risk of complications in 
the OSA patient population to an increased num-
ber of comorbidities including obesity [9]. Glazer 
et al. reviewed postoperative complications in 166 
patients following TORS for OSA and concluded 
that the number of specific OSA procedures per-
formed and preoperative ASA (American Society 
of Anesthesiologists) score were both indepen-
dent predictors of having a complication [12].

18.3.1	 �Postoperative Bleeding

Richmon et al. assessed the factors that contrib-
uted to length of stay after TORS in 91 patients 
[9]. Twelve percent of patients in their cohort 
experienced a complication. Postoperative bleed-
ing occurred in 7% of patients with two patients 
having recurrent postoperative bleeding. Nearly 
all (94%) of the complications occurred in the 
first postoperative week with 38% of the compli-
cations occurring within 24  h of surgery. Asher 
et al. examined factors that contributed to bleed-
ing after TORS in 147 patients [16]. They reported 
11 (7.5%) patients with postoperative bleeding at 
a mean occurrence of 11.1  ±  9.2 days after sur-
gery. The majority (82%) of these bleeds required 
management in the operating room. Another large 
study of 293 TORS procedures reported an aver-
age time to onset of bleeding being 7.3 days post-
operatively (range 0–18  days) [7]. Glazer et  al. 
reported all major postoperative bleeding occurred 
within 10 days [12]. Pollei et al. concluded that 
the greatest bleeding risk is present from postop-
erative day 7 to 14 [17]. The mean postoperative 
day for bleeding was day 10 with 83.6% of those 
bleeds occurring within 2 weeks of surgery. Thus, 
there seems to be a bimodal distribution of bleed-
ing similar to what is observed in patients after 
tonsillectomy (Fig. 18.1). Patients should be edu-
cated about the risk of bleeding with TORS as 
well as the most likely times for bleeding.

Although there is a wide range of complica-
tion rates between studies, the rate of postopera-
tive bleeding appears greater in patients 
undergoing TORS for malignancy compared to 
patients undergoing TORS for benign indications 
(Tables 18.2 and 18.3).

In the USFDA indication trial for TORS with 
the da Vinci Surgical System, the postoperative 
bleeding rate was 7.3% (2.8% requiring return to 
operating room) among 177 patient treated at 3 
institutions [11]. Vergez et  al. reviewed 130 
patients undergoing TORS with 93% having a 
diagnosis of malignancy. The postoperative bleed-
ing rate was 11.5% with 93% of patients treated in 
the operating room [20]. In comparison, a cohort 
of 243 patients undergoing TORS for sleep-related 
breathing disorders experienced a postoperative 

Table 18.1  Postoperative complications [15]

Complication % cases

Hemorrhage 3.10

Tooth injury 1.40

Dehydration requiring admission 1.30

Aspiration pneumonia 1.10

Temporary (<2 months) hypoglossal nerve 
injury

0.90
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bleeding rate of 5% with only 34% managed in the 
operating room [6]. A study of 293 TORS proce-
dures performed for benign disease experienced a 
postoperative bleeding rate of 4.1% [7]. A cohort 
of 166 patients who underwent TORS for OSA 
had a postoperative bleeding rate of 7.2% with 
58% going to the operating room for cauterization; 

all but one patient had bleeding that originated 
from the tonsillar fossa [12]. Aubry et al. reported 
the highest rate of postoperative bleeding at 18.5% 
in 178 patients [15]. Interestingly, this group had a 
very high proportion of laryngeal and hypopha-
ryngeal tumors (71%) suggesting that the 
decreased working space and more limited expo-
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Fig. 18.1  Timing to postoperative bleed (33 events). Combined data from Asher et al. [16] and Mandel et al. [18]

Table 18.2  Incidence of complications after TORS for malignancy

Authors Institution(s) # patients
# malignancy 
(%) # OP cases (%)

# complications 
(%) # POB (%)

# OP 
bleeds (%)

Aubry 
et al. [15]

TORS’s French 
Group  
(9 centers)

178 178 (100%) 51 (28.7%) 73 (41%) 33 
(18.5%)

10 
(30.3%)

Asher 
et al. [16]

University of 
Alabama at 
Birmingham 
(UAB)

147 136 
(92.5%)a

102 (69.4%)a N/A 11 (7.5%) 10 
(90.9%)

Cognetti 
et al. [19]

Thomas 
Jefferson 
University

61 53 (87%) 46 (82%) 5 (8.2%) 2 (3.3%) 2 (100%)

Mandal 
et al. [18]

University of 
Pittsburgh 
Medical Center

224 185 (82.6%) N/A N/A 22 (9.8%) 11 (50%)

Pollei 
et al. [17]

Mayo Clinic  
(3 centers)

269 269 (100%) 269 (100%) N/A 16 (5.9%) 16 (5.9%)

Richmon 
et al. [9]

Johns Hopkins 
University

91 79 (91%) 91 (100%) 11 (12.1%) 8 (8.8%) 8 (8.8%)

Weinstein 
et al. [11]

Multi-
institutional 
(Univ. of 
Pennsylvania, 
UAB, Mayo 
Clinic)

177 177 (100%) 139 (78.5%) 29 (16%) 13 (7.3%) N/A

Abbreviations: OP oropharyngeal, POB postoperative bleeds
aAt least this number; more may be present but not specified
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sure of the larynx and hypopharynx can contribute 
to poorer hemostatic control.

Anticoagulation and antiplatelet therapy can 
affect postoperative bleeding rates and are usu-
ally withheld and/or bridged during the periop-
erative period. A review of 147 patients 
undergoing TORS revealed that 72% of the 
patients who had postoperative bleeding were on 
an antithrombotic medication for other comor-
bidities [16]. The postoperative bleeding rate in 
patients taking antithrombotic medication was 
significantly higher at 17% versus 3% (p = 0.02). 
They also noted that postoperative bleeding risk 
was greatest on postoperative days 7–14. A 
French review found that anticoagulation and/or 
antiplatelet therapy was a significant risk factor 
for postoperative bleeding (p  <  0.05) [15]. 
Richmon et  al. reported similar trends stating 

50% of the patients who had postoperative bleed-
ing were found to be on anticoagulation therapy 
[9]. Hoff et al. reported a postoperative bleeding 
rate of 4.1% and contributed two late postopera-
tive bleeding episodes after re-initiation of clopi-
dogrel or warfarin [7]. Patients who had 
anticoagulation at the time of surgery had higher 
rates of postoperative bleeding compared to 
patients not anticoagulated (13.5% vs. 8.1%) 
although this did not reach statistical significance 
(p = 0.2785) [7]. The authors in this study were 
so convinced of the association between bleeding 
after TORS and perioperative anticoagulation 
that they recommended withholding anticoagula-
tion for 4 weeks postoperatively. However, at this 
time it remains unclear the optimal duration of 
time to withhold or bridge anticoagulation in 
patients treated using TORS.

Table 18.3  Incidence of complications after TORS for benign indications

Authors Institution(s) # patients
# OP cases 
(%) # complications (%) # POB (%)

# OP 
bleeds (%)

Hoff 
et al. [7]

Multi-institutional 
(University of Michigan, 
University of Pennsylvania, 
Middlesex Hospital)

285 285 (100%) 59 (20.7%) 12 (4.1%) N/A

Vicini 
et al. [6]

Multi-institutional 
(Morgagni-Pierantoni 
Hospital, University of 
Michigan, University of 
Pennsylvania, Columbia 
University, Clinica 
Universidad de Navarra, 
Louvain University 
Hospital of Mont Godinne, 
University of Pavia)

243 243 (100%) 50 (20.5%) 11 (4.6%) N/A

Abbreviations: OP oropharyngeal, POB postoperative bleeds
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18.3.2	 �Transcervical Ligation

The majority of bleeding after TORS is venous 
and self-limiting. However, potentially cata-
strophic arterial bleeding can occur after 
TORS. The incidence of life-threatening bleed-
ing after TORS is unknown. No deaths from 
bleeding after TORS were reported in the USFDA 
indication trial [11]. However, by 2013, there 
were seven deaths from bleeding after TORS 
self-reported in a voluntary survey of TORS sur-
geons in the USA [13]. This is likely a gross 
underestimation, underscored by the fact that the 
response rate for the study was low and that the 
respondents were heavily weighted to high vol-
ume TORS surgeons. A variety of surgical tech-
niques have been developed to minimize the risk 
of catastrophic bleeding after TORS, and some 
authors have advocated for routine transcervical 
ligation of feeding vessels to minimize or elimi-
nate the risk of arterial bleeding after TORS.

Pollei et al. reviewed factors affecting bleed-
ing rates in patients undergoing transoral oro-
pharyngectomy by different approaches which 
included TORS, transoral laser microsurgery 
(TLM) and handheld cautery in 906 patients [17]. 
Of the 5.4% of patients with postoperative bleed-
ing, 67% required operative intervention. In that 
retrospective study, prophylactic transcervical 
ligation of the external carotid system was per-
formed during the primary surgery in 15.6% of 
patients. They reported no overall difference in 
bleeding rate after ligation compared to those 
patients who were not ligated (p = 0.21). Severe 
postoperative bleeding, defined as bleeding 
resulting in hypoxia/airway compromise requir-
ing tracheostomy, cardiopulmonary arrest, or 
hemodynamic instability requiring of a blood 

transfusion, occurred less frequently in patients 
who had concurrent transcervical vessel ligation 
at 11.1% versus 25.8%. The difference was clini-
cally meaningful but not statistically significant 
(p = 0.66). Vessel ligation was performed more 
frequently in patients with higher T classification 
(p = 0.002) since these patients were most likely 
to develop bleeding after TORS. So the authors 
recommended that patients with higher T classifi-
cation should be considered for prophylactic 
transcervical ligation to decrease the rate and 
severity of bleeding after TORS.

More recently, Mandal et al. reviewed factors 
for postoperative bleeding after TORS in 224 
patients with 185 cases performed for malig-
nancy and 39 performed for benign indications 
[18]. 9.82% of these patients had varying degrees 
of bleeding after TORS. Prophylactic transcervi-
cal arterial ligation (9.1%) did not decrease over-
all postoperative bleeding rates when compared 
to the non-prophylactically ligated group (9.9%) 
(p = 1.00). There was a decreasing trend in fre-
quency of severe bleeding after TORS, but this 
did not reach statistical significance (p = 0.70). 
Prior radiation therapy or chemoradiation ther-
apy increased postoperative bleeding rates but 
not significantly (p  =  0.09). Many experienced 
TORS surgeons routinely ligate branches of the 
ipsilateral external carotid system despite the 
paucity of data to date to support the effective-
ness of the procedure. This is likely because the 
consequences of arterial bleeding after TORS can 
be dire and, although rare, may be preventable 
with a simple maneuver. A better understanding 
of the incidence and pathogenesis of catastrophic 
bleeding after TORS is needed to more clearly 
define the optimal strategies for prevention.
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18.3.3	 �Neurologic Injury

There are multiple cranial nerves that can be 
encountered performing TORS, especially for 
malignancy. The severity of injury can include 
neuropraxia, axonotmesis, and neurotmesis. In 
cases that involve malignancy, important nerves 
may be intentionally sacrificed for adequate 
resection. The glossopharyngeal, hypoglossal, 
and lingual nerves are all at risk during 
TORS. Every effort should be made to preserve 
these nerves as they are collectively instrumental 
in the function of swallowing. It is also important 
to remember that neurologic injuries can be either 
direct or indirect. Direct nerve injury (e.g., 
cutting the nerve) is far less common than indi-
rect injury (e.g., nerve compression).

The glossopharyngeal nerve serves as the 
main afferent innervation for the tonsillar fossa 
and oropharynx. It descends from the jugular 
foramen and courses with the stylopharyngeus 
through the superior and middle constrictor mus-
cles. The nerve can be visualized anterior and 
medial to these muscles [21]. A branch of this 
nerve is frequently encountered during TORS for 
tonsillar malignancy as it courses between the 
stylopharyngeus and styloglossus muscles (Fig. 
18.2). Sacrifice of this branch is often necessary 
to ensure an oncologic resection of cancers 
involving the inferior tonsil and or glossopharyn-
geal sulcus. The functional impact of sacrifice of 
a branch of the glossopharyngeal nerve during 
TORS has not been formally described but 

appears inconsequential in the context of soft tis-
sue and mucosa loss.

In contrast, injury to the hypoglossal nerve 
during TORS can be functionally devastating. In 
well-selected TORS cases, the hypoglossal nerve 
is typically not at risk. However, an increased risk 
of injury is observed in patients with recurrent 
disease, a history of radiation treatment, and/or 
bulky primary tumors. Muscle movement of the 
ipsilateral tongue during electrocautery dissection 
can be an important, albeit traumatizing, signal of 
proximity to the nerve. It is also important to rec-
ognize that hypoglossal nerve injury can occur 
during placement of surgical clips to control or 
prevent bleeding. The lingual nerve is also at risk 
during TORS. Risk of direct injury to the lingual 
nerve is particularly relevant for cancers that 
extend anteriorly toward the floor of the mouth.

A critical understanding of the anatomy of the 
submandibular triangle from an “inside-out” per-
spective is paramount to avoiding injury to the 
hypoglossal and lingual nerves. Early recognition 
of the submandibular gland and posterior belly of 
the digastric muscle during TORS for cancers 
involving the glossopharyngeal sulcus can help 
avoid direct nerve injury. The hypoglossal nerve 
is at most risk during TORS as it passes over the 
hyoglossus and runs along the superior border of 
the hyoid bone, deep to the digastric and mylohy-
oid muscles [21]. The lingual nerve which gives 
afferent and taste sensation to the anterior two-
thirds of the tongue can be found on the lateral 
surface of the styloglossus muscle [22].

Fig. 18.2  Right 
glossopharyngeal nerve 
(blue arrow) exposed 
and preserved during 
TORS for tonsil cancer
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Finally, the internal branch of the superior 
laryngeal nerve is at risk during TORS for supra-
glottic cancers. After piercing the thyrohyoid 
membrane, the internal branch of the superior 
laryngeal nerve provides afferent innervation for 
the supraglottic laryngeal mucosa [23]. It is 
involved with the cough reflex and aspiration pre-
vention. This nerve travels in close proximity to 
the superior laryngeal artery which requires 
deliberate ligation during TORS of the larynx.

The incidence of significant neurologic injury 
after TORS is reportedly low. In a large survey 
study, temporary (<2 month) hypoglossal nerve 
injury occurred in 0.9% out of 2015 patients 
undergoing TORS, prolonged (>2 month) hypo-
glossal nerve injury occurred in 0.1%, and inad-
vertent lingual nerve injury occurred in 0.6% of 
cases [13]. Richmon et al. reported there were no 
hypoglossal nor lingual nerve palsies in 91 con-
secutive patients [9]. Weinstein et  al. reported 
only 1 patient with tongue numbness out of 192 
patients undergoing TORS for malignancy [11]. 
Many large retrospective studies have not 
reported nerve injuries. In contrast, Vicini et al. 
reported a hypogeusia rate of 14.2% in 243 TORS 
procedures for sleep-related disorders with all 
resolving within 8 months [6]. This likely repre-
sents indirect compression injury to the lingual 
nerve which may be underreported in other 
TORS series for malignancy. The risk of com-
pression injury to the lingual nerve would seem 
proportional to the size of the tongue, duration 
and extent of retraction, as well as the surgical 
defect. Anecdotally, many patients undergoing 
TORS will have some extent of temporary sensa-
tion or taste change of their tongue. As with all 
risks, this should be communicated with patients 
preoperatively.

18.3.4	 �Aspiration and Pneumonia

With swallowing being compromised from ody-
nophagia and dysphagia, the risk of aspiration 
and subsequent pneumonia is increased after 
TORS.  Easa et  al. evaluated swallowing out-
comes for 78 patients that underwent TORS for 
OSA [8]. Gastrografin fluoroscopy was per-
formed in the first postoperative week with only 
6% having signs of significant aspiration. These 
patients all were without any swallowing com-
plaints within 3 months and had no resulting sig-
nificant weight loss. There was also no significant 
correlation between the volumes of tissue 
removed and the incidence of aspiration. A large 
review of TORS for benign indications reported 
pneumonia occurring six times in a cohort of 285 
patients [7].

The risk of aspiration and pneumonia is likely 
greatest after TORS for malignancy, although 
there is a wide range in the incidence reported. 
In the USFDA indication trial for TORS, there 
was a 2.8% rate of pneumonia with two out of 
these five patients developing life-threatening 
complications of acute respiratory distress syn-
drome and pneumothorax [11]. Chia et al. noted 
1.1% rate of aspiration pneumonia out of survey 
study of 2015 patients [13]. In a systemic review, 
Hutcheson et al. reported an incidence of postop-
erative pneumonia ranging from 0% to 7% in 
patients following TORS for oropharyngeal 
malignancy [14]. Recently, Aubry et al. reported 
an aspiration pneumonia rate of 15.5% and 
found that higher T-stage (T3, T4) and laryngeal 
location of the primary tumor were significant 
risk factors (p < 0.05) [15]. These authors attrib-
uted the high rate of aspiration pneumonia to the 
high percentage of patients with laryngeal 
tumors (47.2%). The reporting of aspiration after 
TORS is likely linked to the extent and timing of 
investigation as some degree of laryngeal pene-
tration is common on early swallowing studies 
after TORS.  Aggressive management of pain 
with early and frequent speech and language 
pathology coaching are critical to preventing 
aspiration and pneumonia.
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18.3.5	 �Dehydration

Dehydration is a well-known complication from 
inadequate oral intake when odynophagia is not 
well controlled. Decreased urine output, tachycar-
dia, and hypotension are some of the signs and 
symptoms of dehydration that will need to be 
treated with intravenous fluid hydration. Reported 
rates of dehydration following TORS ranges from 
1.3% to 9.6% [7, 9, 11–13]. Dehydration is also 
relatively uncommon after TORS for benign indi-
cations. Richmon et  al. reported dehydration to 
occur more frequently in OSA patients (p < 0.001) 
[9]. Educating patients on the importance of ade-
quate oral intake and signs of dehydration can 
reduce emergency room visits and readmissions. 
Many TORS surgeons will place a nasogastric 
feeding tube during surgery. Some patients will 
require continued use of the feeding tube at home 
to avoid dehydration. Careful assessment of real-
istic oral intake prior to removal of the feeding 
tube and discharge is important to minimize the 
risk of dehydration.

18.3.6	 �Airway Compromise

Surgery in the upper airway always carries the risk 
of obstructive postoperative edema. Extended 
(e.g., overnight) intubation or prophylactic trache-
ostomy should always be considered when there 
are concerns of potential airway obstruction. The 
use of prophylactic tracheostomy was increased in 
early TORS series, likely reflecting the learning 
curve of TORS surgeons. In 130 patients treated 
with TORS primarily for malignancy (95%), 
Vergez et al. reported planned tracheostomy in 17 
patients and emergent tracheostomy in 2 patients 
for postoperative edema [20]. In contrast, Hoff 
et  al. reviewed complications after TORS for 
benign disease in 293 procedures with only 1 
patient undergoing planned tracheostomy and 2 
patients undergoing reintubation [7]. Oral tongue 
edema secondary to compression from the retrac-
tor and reperfusion is the most common cause of 
obstruction. For resections of oropharyngeal 

neoplasms, the amount of tissue excised can help 
offset resulting airway edema allowing for imme-
diate postoperative extubation. Sleep apnea 
patients often have known difficult airways and 
could be at risk for obstructive postoperative 
edema. Perioperative steroids should be given rou-
tinely to decrease expected oropharyngeal edema 
after TORS. Extended intubation may be prudent 
in TORS cases where significant tongue swelling 
is observed during surgery.

Differing philosophies exist regarding con-
comitant tracheostomy with TORS as some sur-
geons perform tracheostomies routinely. Vicini 
et  al. reported 110 tracheostomies performed 
after 243 TORS procedures for sleep-related dis-
orders [6]. Two of seven institutions in this study 
routinely performed tracheostomy concomitantly 
with TORS.  Patients with tracheostomy were 
capped after 3.85 ± 1.57 days and decannulated 
after 5.83 ± 1.96 days. Easa et al. performed tra-
cheostomy in 82% of patients, which were all 
removed by postoperative day 4 [8].

In general, the need for tracheostomy after 
TORS is low. In a review involving 11 studies, 
Hutcheson et  al. reported tracheostomy rates 
ranging from 0% to 31% [14]. A total of 411 
patients were included, and only two had perma-
nent tracheostomy dependence with a mean tra-
cheostomy dependence ranging from 7 to 8 days. 
Chia et al. reported 2.8% of 2015 patients under-
going TORS required tracheostomy [13]. 
Patients undergoing salvage surgery for recur-
rent disease, with a history of radiation, or hav-
ing bulky primary tumors are at greatest risk of 
needing a tracheostomy. Therefore, the indica-
tion for tracheostomy with TORS is essentially 
no different than that for open procedures of the 
oral tongue. In the setting of transoral bleeding, 
the airway may need to be secured with emer-
gent tracheostomy. In a large survey study 
including 2015 patients, five patients had emer-
gent tracheostomy performed in the setting of 
acute bleeding [13]. Prophylactic tracheostomy 
should be considered in any TORS procedure 
where the risk of postoperative bleeding is 
increased [18].
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Postoperative airway management is similar as 
in traditional head and neck surgery. For example, 
placement of an oral airway or nasal trumpet will 
be based on factors such as short thyromental dis-
tance or an enlarged tongue. Anesthesiologists 
can also make decisions about placement of these 
airway tools at the time of extubation. Routine 
tracheostomy is not performed at our institution. 
Patients are also not routinely kept intubated 
unless intraoperative findings reveal significant 
tongue edema. Properly selected patients such as 
those with non-bulky primary tumors will not 
need to be intubated for an extended period. 
Intensive care unit (ICU) placement is usually 
needed only when extended (>4 hrs) intubation 
will be needed.

18.3.7	 �Death

Reported mortality rates following TORS are low 
with most cases attributed to postoperative 
bleeding. Chia et  al. reported an overall 0.3% 
mortality rate with four reported causes of death 
due to hemorrhage [13]. Seven of the 62 patients 
(11.3%) who experienced a postoperative bleed-
ing died. Vergez et al. reported 3 of 130 patients 
died from complications including one due to 
pulmonary embolism and two due to postopera-
tive bleeding [20]. Mandal et al. reported a mor-
tality rate of 0.9% with two patients who 
experienced severe bleeding [18]. Pollei et  al. 
had an overall postoperative bleeding rate of 
5.4% with a 1.1% severe or life-threatening post-
operative bleeding rate [17]. One patient who 
developed anoxic brain injury and died 8 months 
postoperatively. Multiple large retrospective 
studies reported no TORS-related mortalities [6, 
7, 11, 12, 19, 24]. Of course, given that most 
patients considered for TORS have an excellent 
prognosis, any mortality after TORS is tragic. 
Every effort should be made to minimize the risk 
of death after TORS.  This is best achieved by 
minimizing the risk of severe bleeding after 
TORS.

18.3.8	 �Other Complications

Additional minor complications have been 
reported inconsistently after TORS. Dental com-
plications occur at 1.4% [13]. Lip burns can 
occur up to 1.2% [12]. Local bacterial infections 
are very uncommon in the immediate postopera-
tive course. Best evidence would suggest a single 
dose of IV antibiotics given preoperatively. Oral 
thrush has been known to occur with a reported 
incidence of 2% [9]. This can be treated with 
swish and spit nystatin solution. Better reporting 
these types of complications in the future may 
increase the rate of total complications but can 
help surgeons and patient understand the fre-
quency of these risks.

18.4	 �Avoiding Complications

18.4.1	 �Training

The learning curve for surgeons performing 
TORS is now well known. Chia et al. studied the 
effects of case numbers and complications in 
TORS surgeons. Complication rates significantly 
decreased when surgeons performed more than 
50 cases at 6.1% compared to those performing 
less than 50% (p  <  0.0001) [13]. Surgeons per-
forming fewer than 25 cases had a postoperative 
bleeding rate of 4.5%, those performing 26–50 
cases had a rate of 2.5%, and those performing 
more than 50 cases had a rate of 2.8%. Vergez 
et al. had six cases where TORS was converted to 
an open procedure due to lack of exposure and 
noted that all of these came in the first half of their 
review hinting that experience increased ability 
for exposure [20]. White et al. reviewed a 4-year 
period of 168 patients undergoing TORS divided 
into 4 groups of 42 patients by time and compared 
outcomes [25]. There was a significant decrease 
in total operative time (p  <  0.001), decrease in 
total intubation time (p < 0.001), and decrease in 
length of hospital stay (p < 0.001). There was a 
47% decrease in operative time and 87% decrease 
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in total intubation time from the first to the last 
group. There was a decrease in complications 
including postoperative bleeding and airway 
edema, but these were not significant. The first 
group had seven patients with postoperative bleed-
ing and six patients with airway edema, whereas 
group 4 had 1 and 1, respectively. Although 
outcomes of operative time and intubation time 
may not reflect the surgeon’s skill level indepen-
dently, experience of a hospital and its staff may 
also contribute to better outcomes when perform-
ing TORS.

Training is paramount to summiting the 
learning curve with TORS. In other specialties, 
there are established guidelines for surgeons to 
become trained and credentialed robotic sur-
gery. Requirements typically include formal 
training through a residency and/or fellowship 
program or an independent structured training 
curriculum [26]. Consensus guidelines were 
recently established for TORS as well [27]. 
These guidelines are meant to provide guidance 
to aspiring TORS surgeons and to hospitals 
charged with credentialing. Historically, most 
TORS surgeons were trained after residency or 
fellowship. A survey of 45 TORS surgeons 
showed 86.7% of respondents were trained 
through industry-sponsored training and 15.6% 
were trained through fellowship experience 
[13]. Yet, there is a clear difference in the qual-
ity of training afforded during residency or fel-
lowship (graduate) compared to postgraduate 
training. Residency programs have reported 
development of curriculums to increase safety 
and efficiency [28]. During periods of inactiv-
ity, biweekly practice of 1 h has been shown to 
retain robotic surgical skills [29]. There are 
increasing efforts to provide TORS training 
free from industry influence. However, to date, 
no national organization has taken the lead in 
the oversight of training and credentialing of 
TORS.

18.4.2	 �Tumor Selection

Proper patient selection is paramount to success-
ful outcomes with TORS. Patient and tumor fac-
tors impact patient selection; experience is 
needed to recognize these factors which can be 
subtle. Exposure of the target tissue is impera-
tive to precise surgery and avoidance of compli-
cations. A good clinical exam in the office and 
under anesthesia can help determine the likeli-
hood of good exposure intraoperatively (Fig. 
18.3). Trismus and obstructive dentition can be 
rate-limiting factors as is the opportunity for 
neck extension. Medical conditions including 
kyphosis and previous cervical spine surgery can 
negatively impact the exposure for TORS.  For 
malignancy, tumor factors will also heavily 
influence the decision for TORS. TORS is best 
suited for small primary (T1–T2) OPSCC.  For 
larger primary tumors, the value of TORS may 
be diminished by the larger expected surgical 
defect and incumbent increased morbidity. One 
exception is bulky, pedunculated primary tumors 
where the surgical defect would be expected to 
be no larger than that for a smaller primary (Fig. 
18.4). In these cases, a primary surgical approach 
using TORS may be most beneficial in allowing 
for a more focused delivery of adjuvant radiation 
(e.g., unilateral versus bilateral).

Fig. 18.3  Good exposure of a T2 tonsil cancer

E.L. Son and N.D. Gross



187

18.4.3	 �Tools

The correct use of available tools can minimize 
complications. The oral cavity, eyes, and face are 
vulnerable to collateral damage during 
TORS. Application of eye protection (e.g., eye 
shields) is important for TORS cases. Tooth 
guards can be helpful in protecting the maxillary 
dentition from damage as well as protecting the 
tongue from being lacerated by the lower incisor 
teeth during suspension laryngoscopy (Fig. 
18.5). Keeping the lips moist and protected can 
prevent from desiccation and trauma during 
TORS as well.

There are many retractors that can be used 
during TORS including a Crow-Davis mouth 
gag and a Dingman mouth gag. The only retrac-
tors specifically designed for TORS are the 
Feyh-Kastenbauer (F-K) retractor (Olympus, 
Barlett, TN) and the Flex retractor (Medrobotics, 
Raynham, MA). Multiple blades have been 
developed for use with the TORS retractor to 
access specific parts of the upper aerodigestive 
tract.

When encountering vessels, especially named 
vessels, application of surgical clips are neces-
sary to prevent postoperative bleeding. In a sur-
vey taken by 45 surgeons, exposed arterial vessels 
in the oropharynx are most commonly managed 
intraoperatively with surgical clips (93.3%) and 
electrocautery (55.6%) [13].

The use of different forms of energy for cut-
ting and ablating tissue is usually dependent on 
the surgeon and institution. Hoffman et al. stud-
ied the use of four different resection methods on 
porcine tongues including CO2 laser, Tm:YAG 
laser, monopolar blade, and radiofrequency nee-
dle [30]. The radiofrequency needle had the most 
favorable cutting width and smaller coagulation 
defects in that study. Still, the monopolar blade 
is the most widely used tools for dissection dur-
ing TORS.

Fig. 18.4  Specimen after TORS of a pedunculated T3 
tonsil cancer
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Fig. 18.5  Teeth guards
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18.4.4	 �Technique

18.4.4.1	 �General
Meticulous surgical technique is crucial for all 
head and neck surgery. For TORS, this may be 
more difficult to achieve given the lack of haptic 
feedback with current technology. Most impor-
tantly, with TORS there is an increased reliance 
of visual cues, and any bleeding during TORS 
can obscure visualization of the anatomy. So the 
importance of careful, layer-by-layer dissection 
with careful hemostasis during TORS cannot be 
overstated. Coordination between the console 
surgeon and bedside assistant is very important in 
this regard.

18.4.4.2	 �Management of Blood 
Vessels and Intraoperative 
Bleeding

During TORS, there are named arteries that may 
need to be identified and ligated, especially for 
malignancy. Branches of the facial, lingual, and 
ascending pharyngeal artery supply the pharynx. 
Cautery can control mucosal and muscle bleed-
ing as well as small unnamed vessels. However, 
larger vessels such as the dorsal lingual artery 
require vascular clip application. During TORS 
of the supraglottis, the superior laryngeal artery 
should always be identified and ligated [23]. 
Pollei et al. recommends using hemoclips on all 
arteries 2  mm or larger and suture ligation on 
arteries larger than 4 mm [17]. Brickman et  al. 
recommended that any vessel larger than 1 mm 
should be meticulously clipped and divided [31]. 
Regardless of vessel size, the liberal use of surgi-
cal clips is advised by more experienced TORS 
surgeons (Fig. 18.6). Any exposed artery should 
be clipped and/or covered with adjacent soft tis-
sue when possible. This is particularly important 
in the setting of previous radiation therapy.

Fig. 18.6  Multiple 
surgical clips applied to 
ascending pharyngeal 
artery (blue arrow) during 
TORS for right tonsil 
cancer
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18.4.4.3	 �Management of the Neck
Currently, there is no consensus on the ideal tim-
ing of neck dissection in patients with malig-
nancy undergoing TORS.  Benefits from 
concomitant TORS and neck dissection include a 
single anesthetic exposure, convenience, 
decreased length of treatment, concurrent vessel 
ligation, and decreased cost. Staged neck dissec-
tions have the benefit of potentially decreasing 
postoperative fistula formation and decreasing 
postoperative upper aerodigestive tract edema 
since ipsilateral lymphatics are undisturbed. 
Additionally, if margins were positive on initial 
tumor resection, then re-resection can be per-
formed concurrently with a staged neck dissec-
tion. Staged neck dissection before TORS has the 
advantage of ligating named arteries to decrease 
bleeding risk during and after TORS.

The extent of neck dissection influences the 
risk of pharyngocutaneous fistula after 
TORS.  Resection of the submandibular gland 
significantly increases the risk of fistula. Moore 
et al. reviewed 148 patients who underwent con-
current TORS and neck dissection for oropharyn-
geal cancer [32]. Twenty-nine percent of these 
patients were identified to have a communication 
between the oropharynx and neck during surgery. 
All patients had level I–IV neck dissections with 
removal of the submandibular gland. All had a 
combination of primary closure, local advance-
ment flap, fibrin glue application (Tisseel), and 
cervical drain placement. 14.3% of these patients 
developed postoperative pharyngocutaneous fis-
tulae which required incision and drainage with 
daily packing. All other fistulae resolved with 
clinical therapy and without return to the operat-
ing room. All patients with fistula formation had 
tonsillar fossa or lateral pharyngeal involvement; 
no patients with purely base of tongue involve-
ment developed fistulae. None of the patients 
without intraoperative communication developed 
fistulae.

In contrast, Kucur et al. reviewed the safety of 
concurrent neck dissection with TORS in 113 
patients with OPSCC where the submandibular 
gland was persevered in all cases except 2. Six 
intraoperative communications were found and 
repaired with either primary repair or muscle 

advancement flap reconstruction resulting in no 
postoperative fistulae [33]. The techniques 
included primary closure, primary closure with 
acellular dermal matrix reinforcement, subman-
dibular gland transposition, anterior belly of 
digastric muscle rotational flap, posterior belly of 
digastric muscle rotational flap, and omohyoid 
muscular pedicled rotational flap.

Mockelmann et al. compared 21 patients who 
underwent concurrent TORS and neck dissection 
and 20 patients who underwent staged neck dis-
section on average 8.4  days (3–28  days) after 
TORS [34]. The group with concurrent surgery 
had a 9.5% rate of intraoperative communication 
that developed no postoperative fistulae after pri-
mary repair. These were repaired with primary 
closure and a pedicled muscle flap. However, 
there was no significant difference observed 
between the two groups for rates of fistula forma-
tion, postoperative bleeding, hematoma, and 
seroma. The group with concurrent surgery had a 
median hospital stay of 8 days (5–9 days), and 
the staged group had a median stay of 15 days 
(11–35  days). The average delay in surgery 
accounted for the difference in length of stay. 
Howard et al. compared 96 patients who under-
went ipsilateral submandibular gland (SMG) 
preservation and 157 who underwent SMG resec-
tion during concomitant TORS and neck dissec-
tion [35]. The incidence of intraoperative 
communication was significantly lower in cases 
with SMG preservation compared to those with 
SMG removal, 2.1% vs. 14.1% (p = 0.0017). All 
postoperative fistulae occurred in those patients 
who underwent SMG removal (7.6%) compared 
to 0% in the SMG preservation group. Tonsil 
location of the primary tumor had a significant 
effect on fistula formation (p = 0.0039). T-stage 
was associated with intraoperative communica-
tion formation (p = 0.0048) but not for postopera-
tive fistula formation (p = 0.3410). There was no 
significant difference in disease-free survival, 
disease-specific survival, disease-specific sur-
vival, nor overall survival at 5 years.

Overall, preservation of the submandibular 
gland has been reported to decrease the rate of 
postoperative pharyngocutaneous fistula forma-
tion after concurrent TORS and neck dissection. 
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Preservation of the submandibular gland has also 
shown to be oncologically safe [36]. Rotational 
muscle flaps can decrease the frequency of fistula 
formation by increased vascularized bulk and 
allowing for a robust partition between the oro-
pharynx and neck. These techniques may be uti-
lized to decrease the rate of postoperative 
pharyngocutaneous fistula formation after con-
current TORS and neck dissection.

�Conclusion

TORS has proven to be a safe procedure with a 
low overall complication rate. As the volume 
of TORS increases, further analysis can be per-
formed to identify factors that contribute to the 
frequency and severity of complications. 
Swallowing function is impacted by TORS 
and, in most cases, the sequelae of dysphagia 
and odynophagia is short-lived. Judicial use of 
prophylactic feeding tubes and tracheostomy 
placement may further decrease complication 
rates. Postoperative bleeding continues to be 
an infrequent but potentially lethal complica-
tion. Transcervical ligation does not affect 
overall postoperative bleeding rates but may 
decrease the risk of catastrophic arterial bleed-
ing after TORS. Neck dissection concomitant 
with TORS is safe with an acceptably low pha-
ryngocutaneous fistula rate.
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TORS with the Flex® Robotic 
System

David Goldenberg and Michael D.F. Goldenberg

19.1	 �Background and Current 
Technology

Robot-assisted surgery has become a popular 
alternative to many open traditional surgical pro-
cedures. While modern robotic surgical tech-
niques have been described since the late 1980s, 
telesurgery (i.e., surgery done at a distance from 
the patient) was first successfully performed in 
2001, when physicians situated in New  York 
removed the gallbladder of a 62-year-old patient 
in Strasbourg, France [1]. Since then, technology 
has improved and remote robotic surgery has 
become quite prevalent and sophisticated. Used 
primarily in urology and gynecology at its incep-
tion, transoral robotic surgery (TORS) was even-
tually developed for use in head and neck 
procedures. The da Vinci system® (Intuitive 
Surgical Inc., Sunnyvale, CA, USA) is one such 
advanced robot, studied extensively at the 
University of Pennsylvania for its application in 
TORS in order to perfect and standardize its use 
[1, 2]. The da Vinci was the only tool available to 
perform TORS on the head and neck, yet has its 
own limitations. The newest iteration of robotic 

surgical equipment is the Flex® Robotic System 
(Medrobotics, Raynham, MA, USA), which 
improves upon some of the shortcomings of its 
predecessors. This chapter will focus on the pres-
ent state of TORS of the head and neck and the 
future possibilities which improved technology 
can provide.

19.2	 �Linear Systems

Until now, Intuitive Surgical’s da Vinci system® 
has been the most commonly used robotic sys-
tem for TORS. This linear system is composed 
of several components: a visualization cart 
which holds the lighting and cameras, the sur-
geon console which allows the surgeon to 
remotely control the robotic arms, and the 
patient cart which holds the various robotic 
tools [1]. The system’s arms and wristed instru-
ments essentially act as an extension of the sur-
geon’s hands, allowing for a smaller initial 
opening and more movement within a limited 
size surgical cavity [2].

Two providers, at a minimum, are required to 
perform TORS with the da Vinci system® [2]. 
The first is the console surgeon, who performs 
the surgery at the robot console removed from 
the operating table [2]. The second is the bedside 
assistant, charged with a number of tasks, includ-
ing additional retraction, smoke evacuation, 
preventing clashing of the right and left arms, 
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and protection of the patient from unwanted 
movements of the robotic arms [2].

The orientation of the operating room (OR) 
may be different than more traditional surgery. 
The patient cart must approach the operating 
table at an angle of ~30° [2], and, as such, other 
carts that would normally be situated in its way 
must be placed elsewhere. The anesthesia cart is 
moved away from the head of the patient bed and 
instead placed at its foot, to ensure there is no 
interference with the robot console, the robot 
arms, or the bedside assistant [2]. This is achieved 
by placing the patient’s head at the foot of the 
table and then spinning it 180° [2]. This may 
cause instability in larger patients and may be 
corrected by placing stabilizing furniture (i.e., 
adjustable stool or OR platforms) under the foot 
of the bed where the patient’s head is now posi-
tioned [2]. Instead of the anesthesia cart, the bed-
side assistant is placed at the patient’s head to 
ensure proper manipulation of the robotic instru-
ments and patient safety [2].

There should be at least three people maneu-
vering the patient cart: one pushing the cart to 
approach the operating table at 30°, the second 
holding the robotic arms in place to avoid dam-
age to them, the patient, or other OR equipment, 
and the third ensuring that the cart does not col-
lide with anything in the room [2]. It should be 
noted that, in setting up the operating theater, cer-
tain stabilization equipment (e.g., Mayo stands) 
cannot be used as they potentially interfere with 
the robot arms [2].

19.3	 �Limitations of Current 
Technology

Despite its advantages, there have been noted dif-
ficulties with current robot technology in TORS 
[3, 4]. Its large size is one principal inconve-
nience, as it limits the space available in the OR 
[1]. Another is the interconnected nature of the 
machines across the operating room, which may 
lead to accidents involving the patient or provid-
ers and/or damage to the robotic components 
themselves [1]. Certain cases may also require 
multiple changes of robotic instruments, which 
in effect stop the surgical procedure, increasing 
the amount of time the case requires and prolong-
ing anesthesia time [1]. For instance, a change 
from a 0° to a 30° camera may be necessary every 
time the surgeon wishes to change a viewing 
angle in the vicinity of the oropharynx or larynx. 
The da Vinci does not have its own suction unit or 
smoke evacuation and must rely on a bedside 
assistant for these tasks [5].

Robot setup times of up to an hour have been 
reported, with a mean of ~25 min [1, 3]. Specific to 
TORS, we must recall that the da Vinci was not 
designed for head and neck use, and, as such, its 
size and the size of its instruments do not always 
lend themselves to such surgeries [1, 3]. Clashing of 
the right and left arms is a common problem and 
often results in pausing the surgery multiple times 
in order to reposition the robotic arms. This is nec-
essary to avoid harming the patient or damaging the 
robot and may significantly lengthen surgery time.

D. Goldenberg and M.D.F. Goldenberg



195

19.4	 �The Flex® Robotic System

The Flex® Robotic System is specifically 
designed and FDA cleared for TORS [6]. Unlike 
previous robotic surgical instruments before it, 
which were linear and dependent on different 
angled cameras (0 and 30°) in order to change 
viewing direction, the Flex® Robotic System is 
based on a flexible robotic scope and flexible 
instrumentation [6]. In addition to the ability to 
maneuver the surgical tools in three dimensions, 
the surgeon has the option to change the shape 
and position of the scope itself, changing the 
viewing angle and position of the camera at will. 
The robotic scope alternates between semirigid 
and completely rigid states, allowing the surgeon 
the ability to advance and position the scope as 
needed, yet maintain a stable surgical platform 
for the procedure [6].

The system itself is composed of two carts. 
One cart houses a stand, the attached Flex® Base 
and the working end of the robot. A second cart 
is called the Flex® Console. The Flex® Console is 
placed directly at the operating table so that the 
surgeon can easily access it (Fig. 19.1) [6]. This 
console, on which a monitor is mounted, also 
houses the control unit through which the 
surgeon manipulates the robotic scope (Fig. 
19.2) [6]. From here, the surgeon may maneuver 
the scope with either gross or fine movements in 
order to ensure the correct position of all instru-
mentation. The second unit, called the Flex® 
Cart, is placed at the side of the operating table 
and connects to the reusable Flex® Base and can 
be positioned via various lockable joints. The 
Flex® Base is the portion of the robot to which 
the single-use Flex® Drive and reusable scope 
are attached (Fig. 19.3) [6]. The system is aligned 

Flex® Base

Flex® Drive

Flex® Cart Flex® Console

Flex® 
Instrument
Support

Fig. 19.1  Components of the Flex® Robotic System
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at the distal part of the operating table to be posi-
tioned appropriately to reach the oral cavity.

The robotic scope is comprised of two mecha-
nisms, an inner and outer, which are arranged in a 
concentric mechanical assembly. The distal seg-
ment, which is controlled by the surgeon using a 
3D joystick-like controller, embodies a digital 
camera providing HD vision, LED lamps, a lens 

washer, and two external accessory channels. The 
scope is equipped with two external accessory 
channels for introducing 3.5  mm flexible instru-
ments. The surgeon moves the scope under visual 
control on a monitor on the Flex® Console or an 
external monitor. The Medrobotics® Flex® Robotic 
System consists of four primary components: (A) 
the Flex® Console which houses the physician con-
trol handle, a touch screen visual display, and the 
touch screen monitor; (B) the Flex® Base, a reus-
able assembly that transfers electronic signals from 
the console into mechanical motions; (C) the Flex® 
Drive, a sterile, single-use component that mounts 
on the Flex® Base and houses the flexible portion of 
the robot and components to move it as well as the 
Flex® Camera; and the (D) Flex® Cart and Stand as 
support for the Flex® Base and Flex® Drive.

Setup time for the entire system is reported at 
less than 10 min [6]. In preparation for surgery, 
the Flex® Base is placed midline on the patient, 
and the Flex® Drive is positioned directly at the 
opening of the oral cavity [6]. The base can be 
positioned and angled via the aforementioned 
lockable joints depending on the view required 
and based on the intended procedure being per-
formed, e.g., for tongue base and tonsil surgery, 
an obtuse angle is used (Fig. 19.3a), while laryn-
geal surgery uses an acute angle (Fig. 19.3b). The 
Flex® Drive is unique in that it can move in three 

Fig. 19.2  Surgeon uses joystick-like controller on Flex® 
Console to position scope

a b

Fig. 19.3  The base can be angled via the lockable joints 
on the stand to position the Flex® Drive based on the 
intended procedure being performed: for oropharyngeal 

surgery, a more obtuse angle is used (a), while laryngeal 
surgery uses a more acute angle (b)
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dimensions without the requirement of external 
support and then made rigid once in the desired 
location—again, in either gross or fine motions 
[6]. When the scope requires removal, the 
“Home” button on the Flex® Console may be 
pressed to cause the scope to retract out of the 
oropharynx, hypopharynx, or larynx and return 
to its default starting position. This “homing” 
may also be also be used to “guide” removal of 
the excised mass, with the surgeon gripping it 
with forceps or clamps and pulling back slowly 
as the scope returns to its home position. To 
either side of the scope, there are small channels 
that follow its contour and allow various compat-
ible flexible tools to reach the operation site with-
out additional maneuvering (Figs. 19.4 and 19.5). 
In this system, there are no external arms. Instead, 
the flexible instruments act as an extension of the 
surgeon’s hands, allowing for a smaller initial 
opening and more movement within a limited 
size surgical cavity. The small size, flexibility, 
and easy maneuverability of the instruments 

allow for a rapid exchange of surgical instru-
ments or their handedness by the surgeon himself, 
with no need for assistance (Fig. 19.6). This, in 
turn, greatly enhances the procedure’s pace and 
flow when compared to halting the procedure to 
reposition outer components.

The technological advancements address 
some of the limitations described with perform-
ing TORS with older linear systems. The size of 
the Flex® Robotic System is markedly smaller 
than previous surgical robots, allowing for more 
room within the operating theater and for greater 
unit portability [6]. This, along with the bedside 
nature of the consoles, may reduce the amount of 
potential accidents cited above caused by the 
spread out nature of the da Vinci and similar sys-
tems. The smaller size, mobility, and simpler 
layout also result in shorter setup time, as is 
mentioned above. Finally, the acquisition cost is 
roughly half that of the da Vinci robot, poten-
tially allowing for more widespread adoption of 
TORS [6].

Fig. 19.4  Surgeon driving 
the Flex® Drive into 
position
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Fig. 19.6  Surgeon 
placing compatible Flex® 
Instruments into side 
channels of positioned 
flexible robotic scope

Laser Holder

Needle Driver Monopolar
Maryland Dissector

Monopolar Spatula

Fenestrated Grasper Monopolar Scissors Monopolar
Needle Knife

Fig. 19.5  Instruments currently available for use with the Flex® Robotic System
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19.5	 �Available Instruments 
and Tools

While the flexible robotic scope of the Flex® 
Robotic System is its major component, the pro-
cedures themselves are performed by those 
instruments that are placed in the two working 
channels. As mentioned above, these channels 

match the contour of the camera and allow a vari-
ety of compatible third-party instruments to be 
used. Figure 19.7 shows an assortment of avail-
able Flex® Instruments at the time of writing, 
including a laser holder, fenestrated grasper, 
monopolar Maryland dissector, monopolar scis-
sors, needle driver, monopolar spatula, and 
monopolar needle knife [Flex® instrument IFUs].

Fig. 19.7  Handle for the interchangeable instruments of 
the Flex® Robotic System
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�Conclusions

The Medrobotics Flex® Robotic System repre-
sents the natural progression and new genera-
tion of robotic technology for transoral surgery. 
It combines a highly flexible robotic scope with 
a variety of flexible instruments that reach the 
operative site quickly and efficiently. This sys-
tem has a small footprint that easily fits in most 
ORs, is lean and mobile for efficient scheduling, 
and has a quick setup time for fast room turns. 
We foresee further advancement and develop-
ment in the next few years of this technology. 
There is ongoing development of additional and 
improved instruments to fit in the two side chan-
nels beside the scope to allow for a wider range 
of surgical applications. A reusable, 3D HD 
camera will further expand capabilities for 
visualization.
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Intraoperative Imaging 
and Navigation in Robotic Surgery

Wen P. Liu

20.1	 �Introduction

A clinician performing head and neck robotic 
surgery currently relies on volumetric preopera-
tive and diagnostic images (e.g., computed 
tomography (CT) and/or magnetic resonance 
images (MRI)) to develop a surgical plan. 
However, intraoperative imaging provides in 
situ information about the presence of pathol-
ogy and its anatomic relationship to vital struc-
tures in real time, potentially allowing for more 
targeted, safer, and less morbid surgery. 
Literature on intraoperative imaging for robot-
ics in otolaryngology (e.g., irradiative modality, 
cone beam computed tomography (CBCT); and 
non-irradiative modalities, ultrasound (US), 
narrow band imaging (NBI), or near-infrared 
fluorescence) shows researchers adapting tradi-
tionally diagnostic imaging techniques for intra-
operative needs. Surgical objectives include 
planning traversals for target resection, margin 
delineation, and reconstruction while control-
ling or preserving critical functional structures. 
Intraoperative imaging has been explored not 
only to visualize this workspace but also to pro-
vide an anchoring modality for registering 
higher-resolution preoperative images and 
plans. This requires establishing the correspon-
dence of image coordinates in preoperative to 

intraoperative space and to the surgical scene by 
using registration algorithms. Rigid registration 
is an arguably solved issue with a mainstay of 
commercially available systems used in stan-
dard surgical procedures. However, nonrigid 
registration in real time, involving reliably mod-
eling intraoperative deformations from setup 
and intervention, continues to be a challenge. In 
addition to high fidelity registration, effective 
navigation and visualization in robotic surgery 
in otolaryngology are also very active areas of 
research. In this chapter, we survey how research 
and development in various modalities of intra-
operative imaging have addressed these techni-
cal challenges in state-of-the art navigation for 
robotic surgery in otolaryngology.

20.2	 �Background

20.2.1	 �Intraoperative Imaging 
Modalities

20.2.1.1	 �C-arm and Flat-Panel Cone 
Beam Computed 
Tomography (CBCT)

For 2D intraoperative imaging, X-ray has long 
been established as a cost-effective, real-time 
modality. Fluoroscopy was used by Goding et al. 
to observe hypoglossal nerve stimulation and to 
evaluate airway changes for otolaryngology [5]. 
However, 3D imaging better informs the surgeon 
about the precise extent for dissection and can be 
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used to update intraoperative stereotactic naviga-
tion. The emergence of intraoperative CBCT has 
proved useful in complex skull base and endo-
scopic surgery, especially in cases in which the 
extent of bony resection is critical to the success-
ful outcome of the operation [6]. Unlike anterior 
skull base surgery, the use of intraoperative image 
guidance has only recently gained popularity in 
the field of lateral skull base surgery. While con-
ventional multi-detector computed tomography 
(MDCT) is able to better resolve soft tissue, flat-
panel CBCT scanners generally deliver less radi-
ation to the patient and have less metal artifact 
effects. In a retrospective case review of 12 
patients, Conley et  al. [6] compared a conven-
tional CT system (NeuroLogica CereTom® 
(NeuroLogica Corporation, Danvers, MA)) to 
two 2D flat-panel CBCT systems (O-ARM® 
(Medtronic Inc., Minneapolis, MN), and Xoran 
xCAT® (Xoran Technologies Inc., Ann Arbor, 
MI)), evaluating the ease of use, image character-
istics, and integration with image guidance for 
skull base and endoscopic sinus surgery. In their 
study, all three scanners provided good quality 
images, but more significantly their results 
showed that intraoperative CBCT was not only 
technically feasible but was also useful for surgi-
cal decision-making in three out of four of their 
cases. For example, the intraoperative scan was 
used to facilitate a novel approach (retrolabyrin-
thine) to acoustic tumor removal by precisely 
delineating the extent of bony removal vis-à-vis 
the needed exposure. This would have been less 
certain, by standard means of caliper estimation. 
In one of these cases, the use of the O-arm was 
impossible secondary to morbid obesity, which 
precluded safe positioning of the patient for 
image acquisition. Other limitations noted 
include restrictions on the type of head reference 
array that can be used in lateral approaches and 
the lack of integration of the navigation systems 
and the operating microscope.

20.2.1.2	 �Ultrasound Imaging
The advent of minimally invasive approaches has 
further integrated ultrasound devices for otolar-
yngology in both diagnostics and intervention. 
In diagnostic techniques for otolaryngology, 

ultrasound has become an extended component 
of the physical examination in head and neck 
patients, particularly those with diseases of the 
thyroid, salivary gland, lymph node, and tongue 
[7–9]. For surgery in otolaryngology, the risk of 
inadvertent tissue injury requires in situ imag-
ing techniques that can be used to visualize the 
operative field dynamically and beyond the vis-
ible surface. In Doppler mode, US provides 
temporal 4D data to assess vascular flow in the 
oral and maxillofacial regions [10] and is an effi-
cient modality to image the morphology of soft 
tissue in 3D, allowing for applying differential 
pressure on retropharyngeal metastases to deter-
mine their spatial mobility relative to the carotid 
artery. Transoral ultrasound has been shown to be 
a cost-effective modality for evaluating the retro-
pharyngeal space [11–13]. In base of tongue can-
cer, clinicians have successfully used ultrasound 
to guide core biopsies [12, 14, 15], interstitial 
photodiagnosis, and photodynamic therapy [16]. 
Furthermore, registration of ultrasonography to 
CT has demonstrated advantages in staging and 
surgical planning for papillary thyroid carcinoma 
(PTC). In a tertiary center prospective study, 
Lesnik et  al. [17] measured sensitivity, speci-
ficity, and positive/negative predictive value of 
nodal diagnostics in central/lateral cervical com-
partments in 162 PTC patients undergoing pre-
operative lymph node evaluation by PE, US, and 
CT. The gold standard for diagnostic accuracy is 
surgical pathology. In patients undergoing pri-
mary (Group I)/revision (Group II) surgical treat-
ment for PTC, the cases that used US registered 
to CT yielded significantly higher sensitivity for 
macroscopic lymph node detection in both lateral 
and central neck, most marked in Group I central 
compartment.

20.2.1.3	 �Optical Imaging
In endoscopic surgery, the unique advantage of 
optical imaging techniques, such as autofluores-
cence and narrow band imaging, over all other 
modalities discussed in this chapter, is the direct 
coregistration of white light and augmented 
information in the primary visual field. If the 
photons required for optical imaging can be gath-
ered from the same endoscope/laryngoscope 
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used to guide the robotic surgery, the nontrivial 
issue of organ deformation is intrinsically 
addressed [18]. In fact, near-infrared visualiza-
tion of fluorescence tracers (e.g., indocyanine 
green (ICG)) have shown promise in identifying 
and guiding tumor resection because of their 
favorable characteristics, such as minimal scat-
tering, enhanced tissue penetration depth, and 
high-quality contrast [18]. Currently in robotics, 
the da Vinci® Surgical System (Intuitive Surgical 
Inc., Sunnyvale, CA) supports integrated near-
infrared imaging to visualize fluorescence. 
Fluorescence in robotic surgery has been used 
successfully in urologic and general laparoscopic 
surgery [19–21]. The potential of their applica-
tion in head and neck oncology can be seen in the 
study by Rosenthal et al. [22] which assessed the 
safety and tumor specificity of a fluorescently 
labeled epidermal growth factor receptor 
(EGFR)-targeted agent. A 30-day dose escalation 
study of the EGFR was performed with 12 
patients undergoing surgical resection of squa-
mous cell carcinoma. Multi-instrument fluores-
cence imaging was performed in the operating 
room and in surgical pathology. Fluorescence 
levels positively correlated with EGFR levels, 
and results showed that fluorescence imaging 
with an intraoperative, wide-field device can suc-
cessfully differentiate tumor from normal tissue 
during resection (average tumor-to-background 
ratio of 5.2 in the highest dose range). This study 
is the first to demonstrate that commercially 
available antibodies can be fluorescently labeled 
and safely administered to humans to identify 
cancer with submillimeter resolution, which has 
the potential to improve outcomes in clinical 
oncology.

Narrow band imaging is another type of opti-
cal imaging technology, typically integrated in an 
endoscopy system that can display the mucosal 
surface layer in high contrast, especially 
hemoglobin-rich areas such as blood vessels and 
microvascular patterns. Magnifying endoscopy 
(ME) enhances the capabilities of standard video 
endoscopy with higher resolution and higher 
contrast, compared to endoscopes with NBI used 
in otolaryngology, such as ENF-VQ and ENF-VH 
(Olympus Medical Systems, Tokyo, Japan) [23]. 

Researchers have shown that ME-NBI enables 
detection of early superficial laryngopharyngeal 
cancers, which are difficult to detect by standard 
endoscopy or nonmagnifying endoscopy with 
NBI [24]. For transoral robotic surgery (TORS), 
Tateya et  al. report two advantages of using 
ME-NBI [25]. One is that the combination facili-
tates early diagnosis of pharyngeal cancers, and 
the detection of superficial lesions is expected to 
increase with the advent of ME-NBI. The second 
advantage is associated with improved resection 
of invasive cancer lesions. ME-NBI provides 
improved lesion boundary visualization, which 
will be beneficial in avoiding excessive resection. 
This is especially helpful for the superficial part 
of the invasive cancer, thus resulting in better 
functional outcomes, such as swallowing and 
voice function. The limitation of ME-NBI is that 
it is not useful for examining deeper tissue 
beneath the epithelium. Thus pathological diag-
nosis via biopsy is therefore still necessary for 
checking the vertical margin.

20.2.2	 �Intraoperative Navigation 
Through Registration 
and Visualization

20.2.2.1	 �Registration
A common form of navigation in surgery for 
head and neck registers preoperative image data 
(i.e., diagnostic CT, MRI) using either optical 
or electromagnetic (EM) technology. In this 
context, registration is the spatial alignment of 
a medical image data set to the coordinate sys-
tem of the patient and/or operating room. 
Commercially available optical and EM sys-
tems have had the most success in workspaces 
with rigid structures, such as skull base surgery, 
craniomaxillofacial surgery, and neurosurgery 
[26, 27]. Intraoperatively, these guidance sys-
tems provide real-time tracking of a pointer or 
other tools with respect to the registered image 
data. The accuracy attainable with optical sys-
tems in clinic has been reported to be approxi-
mately 2  mm in target registration error [28]; 
however studies using EM tracking in clinical 
settings have noted higher errors [29]. Optical 
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systems generally provide better spatial unifor-
mity with a larger field of view than EM solu-
tions, which are subject to interference from 
magnetic objects and stray electromagnetic 
fields [30]. The major disadvantage of an opti-
cal system is the requirement of line of sight 
between the camera and the tracked markers. 
Although each of these conventional platforms 
has individual trade-offs and potential deficien-
cies, they have been readily applied in image-
guided surgical interventions [31].

For example, in 2008, Desai et  al. [32] pre-
sented a series of three case studies using 
EM-based tracking to guide transoral resection 
of oropharyngeal and pharyngeal space lesions. 
Using the Brainlab EM-tracking system 
(Munich, Germany), preoperative CT was regis-
tered to the patient through identification of bony 
landmarks. This allowed surgeons to localize an 
intraoperative pointer with respect to the preop-
erative CT throughout the procedure. The study 
showed that the provided guidance was espe-
cially helpful in assessing the anatomy during 
the dissection, particularly in the deep lateral 
parapharyngeal space close to the carotid artery 
and lateral pharyngeal wall. The limitation, other 
than the technical disadvantages of EM tracking 
as discussed above, is the reliance on preopera-
tive data, which does not account for intraopera-
tive deformations. Additionally, the guidance 
provided is viewed separately from the primary 
visual field and must be mentally correlated.

While rigid registration is arguably solved 
with optical and EM systems, deformable work-
spaces, where nonrigid changes necessitate an 
update to the preoperative surgical plan, continue 
to challenge researchers. For example, in tran-
soral base of tongue surgery, deformations begin 
with setup: the patient’s neck is flexed, with the 
mouth open and tongue retracted. To capture 
these setup deformations for TORS, Liu et al. [33, 
34] experimented with the alignment of preopera-
tive CT to presurgical CBCT.  Reaungamornrat 
et al. [35] developed a four-step nonrigid transfor-
mation, where a volume of interest (e.g., tongue 
and hyoid bone) is segmented in both the moving 
image (i.e., CT) and the fixed image (i.e., CBCT). 
These segmentation “masks” provide surface 

meshes from which two point clouds are defined. 
First, a Gaussian mixture (GM) [36] registration 
is used to compute a rigid initial global alignment 
of the two point clouds. Second, a GM nonrigid 
registration uses a thin-plate spline approach to 
perform deformable alignment of the point 
clouds. For both the moving and fixed mask, a 
distance transform [37] (DT) consisting of the 
distance of each voxel to the surface mesh is com-
puted in step three. Lastly, in the fourth step, a 
fast-symmetric-force variant of the Demons algo-
rithm [38] is applied to register the two DTs. 
Operating on distance transforms allows the com-
bined registration module to be intensity-invariant 
and thereby supports registration of surgical 
CAD/CAM derived from other modalities, such 
as MRI, in addition to CT. Aside from this hybrid 
approach, many other deformable registration 
methods exist and substantiate further investiga-
tion for otolaryngology, but are beyond the scope 
of this chapter.

20.2.2.2	 �Visualization
Viewing navigational data in interventional suites 
can be accomplished through a variety of medi-
ums. Traditional imaging systems present their 
images on a 2D computer monitor, which requires 
the clinician to mentally register the given infor-
mation with the operative scene. However, navi-
gational information can be absorbed through 
audio, visual, and haptic means with obvious 
advantages through fusion of multiple sources of 
information. For example, we can overlay live 
fluoroscopy onto 3D volumes from CBCT angi-
ographies. However, in endoscopic head and 
neck interventions, direct overlay of navigational 
information onto video images [26] provides a 
more natural integration with the primary visual 
displays. Video augmentation has been shown to 
be advantageous in monocular endoscopic skull 
base procedures [39], while stereoscopic aug-
mented reality has been realized in operating 
microscopes and robotic surgical case studies 
[40]. With the advent of 3D visualization in con-
sumer products (e.g., Google glass, Microsoft 
HoloLens, Magic Leap, etc.), the millennial 
generation of surgeons and patients can expect 
visualization to advance in these directions.
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For robotic surgery in otolaryngology, simi-
lar methods of navigation through video aug-
mentation have been explored for cochlear 
implant [41], TORS studies using ex vivo ani-
mal and cadaveric models [33, 34], and clinical 
TORS with retrospective analysis [40]. In 2012, 
in a single clinical case study for TORS, Pratt 
et al. [40] augmented the da Vinci stereoscopic 
view by manually aligning models of segmented 
anatomy derived from preoperative plans. Their 
retrospective analysis of procedure footage 
noted beneficial opportunities for guidance in 
TORS along with observations that the degree 
of tongue muscle deformation induced by gag 
placement is significant. The need to bridge the 
gap between preoperative images and intraop-
erative setup was further emphasized with 
ex vivo studies by Liu et al. [33, 34]. Using por-
cine tongue phantoms, they tasked a TORS sur-
geon with placing pins into embedded targets in 
order to evaluate target localization using varied 
methods of image guidance: (1) Simulated cur-
rent practice with preoperative images on a 
computer monitor. (2) Intraoperative images on 
a computer monitor. (3) Video augmentation 
with intraoperative images. Experiments not 
only showed a statistically significant improve-
ment in target localization error when compar-
ing (1) to (3) (4.9 ± 4.6 mm to 1.7 ± 1.8 mm, 
respectively, when measured from the edge of 

the target), but improvements from (1) to (2) 
also showed the value of navigating with intra-
operative imaging, as compared to relying on 
preoperative data.

The experiments from Liu et al. [34] further 
highlight one of the main challenges in aug-
mented reality, namely, stereopsis, or depth per-
ception. Incorrect stereopsis has been a topic of 
discussion since the 1990s, as researchers noted 
natural spatial errors affecting virtual reality 
when systems portrayed 3D space using a 2D 
display [42]. Poor calibration or registration 
amplifies stereopsis incorrectly, and the user will 
empirically observe that virtual anatomy appears 
to be detached and floating in front of the real 
scene. To counter such effects, Bichlmeier et al. 
[43] adjusted the transparency according to the 
position and line of sight of the observer, creat-
ing a significantly improved fusion of virtual 
objects to a realistic viewpoint in the scene. To 
directly address ambiguity in stereopsis for 
TORS, Liu et al. [44] extended their video aug-
mentation guidance system with tool localiza-
tion. Using the joint values of the robotic arm, 
their system tracked the primary surgical tool 
and communicating explicit depth information, 
with respective to tool localization, through 
dynamic color changes of virtual anatomical 
models. Further details of their experiment are 
discussed below in 20.3.
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20.3	 �Preclinical Studies 
of Intraoperative Imaging 
and Navigation in Robotic 
Surgery

20.3.1	 �C-arm and Flat-Panel Cone 
Beam Computed Tomography 
(CBCT)

Continued advancements in imaging and robotics 
have led to the development of hybrid operating 
rooms with integrated intraoperative imaging sys-
tems (e.g., ultrasound, fluoroscopy, and cone 
beam computed tomography) with minimally 
invasive surgical systems (e.g., robotics, laparos-
copy, and endoscopy) [18]. The design of these 
advanced ORs must consider functional needs in 
order to accommodate different perioperative set-
ups and workflows [45]. The workspace for 
C-arms may range from mobile bases to ceiling- 
or floor-mounted systems. Image quality and res-
olution differ widely, with older technology using 
image intensifiers to newer technology using 
motor-actuated flat-panel detectors that are syn-
chronized with an X-ray source. Thus, the imag-
ing capabilities of intraoperative C-arms can vary 
from single 2D planar X-rays images to 3D recon-
structed volumes (e.g., CBCT [33, 34, 41, 46]).

Room setup and surgical workflow are even 
more complex in cases that involve both CBCT 
and robotic assistance. In designing a hybrid 
operating room, the “free” or available 
workspace, after surgical setup, shared between 
an imaging system and a surgical robotic system, 
must be evaluated. For otolaryngology, work-
space ergonomics were explored in a 2015 pre-
clinical study of the Artis zeego (Siemens AG, 
Berlin, Germany) and a da Vinci Si (Intuitive 
Surgical Inc., Sunnyvale, CA) as an extension of 
experiments conducted by Liu et al. [44] in 2015. 
Their experimental setup (Fig. 20.1a) showed 
that a full CBCT can be acquired with the base 
of the da Vinci® patient-side cart (PSC) posi-
tioned for intervention, however, with all robotic 
arms retracted. The ability to acquire a full 
CBCT image without repositioning the PSC 
(with robotic arms retracted) was also confirmed 
in an investigation for intraoperative CBCT 
guidance for a cadaveric cochlear implant [41] 

(Fig. 20.1d). Therefore, their work showed that 
the free workspace for these two procedures sup-
ports intraoperative CBCT acquisition.

In the TORS experiments, Liu et  al. [44] 
injected two synthetic tumors into the base of 
tongue of in vivo porcine models and ex vivo por-
cine tongue models. Using the da Vinci® and 
zeego setup above, they obtained a presurgical 
CBCT angiography, which allowed them to 
derive models of segmented critical anatomy 
after surgical positioning. Segmentations 
included the lingual arteries, synthetic tongue 
resection targets (centroid and boundary), regis-
tration fiducials, oral tongue, and tongue base 
volume. A head and neck surgeon, proficient in 
TORS, performed mock tumor resections (with 
and without video augmentation as guidance) 
with the goal of achieving a 10 mm margin while 
controlling the lingual artery. Similar to Pratt 
et al. [40], in experiments with video guidance, 
the models of critical anatomy were directly dis-
played as a transparent overlay in the stereo-
scopic viewport. However, in contrast to the 
preoperative data and manual updates used by 
Pratt et al., these images captured surgical setup 
and were automatically updated by using the 
joint values of the robotic camera arm.

In addition to the overlay of critical anatomy, 
the guidance system also tracked the primary sur-
gical tool (5  mm monopolar cautery) and ren-
dered a virtual transparent sphere at an offset to 
the tip. The color of the sphere changed from 
green, to yellow, to red, when the estimated dis-
tance from tracked sphere was <=2 mm outside of 
the margin, inside the margin by 2 mm, and inside 
the margin by 4 mm, respectively (Fig. 20.2, cen-
ter target sphere is green, indicating a desired dis-
tance <=2 mm outside of the margin). In addition, 
a quantitative depth gauge was shown on the tool 
calipers, displaying the estimated relative distance 
to the target (Fig. 20.2, white numeric label on 
end effector). To further disambiguate depth, not 
just for the tool tip, they implemented a novel 
supplemental view of tracked tools. This auxiliary 
camera perspective, rendered picture-in-picture, 
could be changed dynamically but was observed 
to be most useful when displaying the lateral left-
to-right sagittal plane, orthogonal to the camera 
plane (Fig. 20.2, lower left-hand corner). Results 
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from ex vivo and in vivo porcine models measur-
ing resection ratios showed improved resection 
efficiency, when comparing current practice to 
their proposed dynamic visual navigation with 
explicit stereoscopic depth information. 
Compared to previous literature, these studies 
uniquely integrate continuous augmented visual 
guidance in 3D in the primary visual field for 
robotics in otolaryngology.

The limitation from this experiment is the lack 
of continuous imaging updates to capture defor-
mation from resection as the intervention pro-
gressed. However, in this setup (similar for da 
Vinci®-assisted cochlear implantation [41]), with 
the robotic arms positioned for intervention, they 
verified that the zeego C-arm can still achieve a 
scan range of ~40°. Thus, in these surgical sce-
narios, live dual 2D X-ray fluoroscopy images 
have the potential to apply and provide not only 

real-time planar projection of the resection 
throughout the procedure but also stereotactic tri-
angulation, which is useful for tool localization 
[44]. More confidence can be achieved by visual-
ization of the workspace throughout intervention 
than by factoring in the known error of registra-
tion to pre-resection scans. In a follow-up study, 
workspace ergonomics of the single-port da 
Vinci® Sp and the zeego were investigated further 
using a configuration for transoral intervention 
(Fig. 20.3). In these experiments, a cadaveric 
model was injected with synthetic tumors, and 
presurgical CBCT angiography (CBCTA) images 
were obtained. From these images, the carotid 
arteries were identified (Fig. 20.3d), and experi-
enced TORS surgeons were able to successfully 
remove the tumor with and without guidance 
(live fluoroscopic overlay onto CBCTA 
(Fig. 20.3c)).

a b

c

d e

f

Fig. 20.1  Photographs of the da Vinci Si-zeego work-
space. (a) Configuration for transoral robotic surgery 
using an in  vivo porcine phantom with (b) fluoroscopy 
and (c) video augmentation. (d) Configuration for 

cochlear implant using a cadaveric phantom with (e) seg-
mented critical structures from CBCT and (f) video 
augmentation
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a b

c d

Fig. 20.3  (a, b) Photographs of the da Vinci Sp-zeego 
workspace configuration for transoral robotic surgery 
using a cadaveric phantom. (c) Fluoroscopy overlay on 

CBCTA. (d) Single sagittal slice viewed with intraopera-
tive CBCTA reconstruction

Fig. 20.2  Screen capture 
of an ex vivo phantom 
experiment using video 
augmentation of margins 
and tool tracking in a 
novel view (lower left 
picture-in-picture) for 
image guidance. The 
spherical representation of 
an ideal margin is green 
since tool tip is within 
+2 mm proximity 
(Initially published in 
IJORS 2015)
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20.4	 �Clinical Studies 
of Intraoperative Imaging 
and Navigation in Robotic 
Surgery

20.4.1	 �Ultrasound

Adaptation of commercial ultrasound systems for 
intraoperative imaging in head and neck surgery 
has been demonstrated in robotic case studies. In 
2015, Goepfert et  al. [47] used an endocavity 
transducer for intraoperative imaging in a single 
complex reoperative TORS case study. Their 
patient, previously treated with total thyroidec-
tomy, with left central and lateral neck dissection, 
was found to have an isolated 2.6 cm left retro-
pharyngeal nodal metastasis on MRI (confirmed 
to be papillary thyroid carcinoma on fine needle 
aspiration biopsy). After intubation and prior to 
the incision, the ultrasound guidance assisted 
in localizing the node in its location lateral to the 
superior constrictor muscle and medial to the 
internal carotid artery and jugular vein and aided 
in the placement of the mucosal incision and 
planning of the subsequent dissection with the da 
Vinci® system.

In comparison, Clayburgh et al. [48] used the 
Aloka Alpha 7 ultrasound system (Hitachi Aloka 
Medical, Ltd., Wallingford, CT) with various 
ultrasound probes to guide six da Vinci-assisted 
TORS cases. For applications in the posterior and 
lateral oropharynx (e.g., tonsillar fossa, parapha-
ryngeal space), a neuro-spine straight ultrasound 
probe was used. In order to image the lateral and 
posterior pharyngeal walls, the robotic arms were 
removed from the patient’s mouth while the cam-
era was left in position, and the ultrasound probe 
was inserted alongside the camera. For the base 
of tongue, a liver ultrasound probe was used 
instead. This probe is aligned at a 90° angle and 
has a small tab on its backside that could be 
grasped with the Maryland dissector on the 
robotic arm. Thus, while imaging the tongue base 
with this probe, at least one and potentially both 
robotic arms could remain in place. US images, 
displayed in the TilePro™ screen of the surgeon 
side console, were primarily used to identify vas-
cular anatomy. For example, in a case involving a 

78-year-old female presenting with a superfi-
cially invasive squamous cell carcinoma of the 
left tonsil and lateral pharyngeal wall with exten-
sion to the tongue base, surgeons visualized the 
pulsation of the carotid system as well as other 
vessels near the lesion. These studies noted that 
real-time US images were particularly helpful in 
identifying larger-caliber blood vessels within 
the operative field prior to encountering them 
visually and in delineation of margin in deep 
tumor resections. The primary limitation of these 
experiments is the visualization gap between 
imaging and endoscope.

20.4.2	 �Optical Imaging

In 2014, Tateya et al. [24] reported the first clini-
cal study combining ME-NBI with TORS in a 
treatment of squamous cell carcinoma on the 
base of tongue. A superficial cancer lesion, about 
1.5 cm in diameter, was identified in the left side 
of the tongue base with an otolaryngological vid-
eoendoscope with NBI (ENF-type VQ). NBI 
clearly visualized the lesion as a brownish area, 
whereas the lesion was hardly recognizable under 
white light. For this patient, the cancer lesion was 
not recognizable by computed tomography, mag-
netic resonance imaging, or positron emission 
tomography (PET). Neither neck lymph node 
metastasis nor distant metastasis was found on 
CT, MRI, or PET. The lesion was clinically diag-
nosed as T1N0M0.

Prior to surgery, ME-NBI visualized the flat 
lesion as a brownish area with scattered dots of 
abnormal vessels, which were invisible in white 
light. The boundary of the tumor was easily 
traceable with ME-NBI. The extent of the lesion 
was confirmed by iodine staining. Boundary 
markings of the lesion and an incision line at the 
lower boundary of the lesion were made with the 
electric needle knife, and the procedure was 
switched to TORS using the da Vinci® Surgical 
System. Successful tongue base resection, with a 
depth and safety margin of 5 mm (confirmed by a 
negative margin in the frozen sections), was con-
ducted by two cooperating gastroenterologists 
using the 8  mm Maryland dissector and 8  mm 
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monopolar cautery. No neck dissection was per-
formed. In this case, combining ME-NBI with 
TORS made it possible to estimate the horizontal 
extent of the superficial lesion precisely, which 
was beneficial in determining the extent of 
resection.

20.5	 �Related Clinical Research

20.5.1	 �Ultrasound

Studies at Johns Hopkins Hospital have evalu-
ated the feasibility of using intraoperative, tran-
scervical ultrasound concurrently with TORS at 
the base of tongue. Blanco et al. [49] hypothe-
sized that transcervical ultrasound could pro-
vide clinically relevant characteristics that may 
not otherwise be appreciable. In their study of 
22 patients with suspected BOT tumors in com-
parison to 18 controls, 100  % of BOT tumors 
were visualized with US. Using a transcervical 
probe, 90.9 % and 95.5 % of the BOT tumors 
were found to be hypoechoic and exhibiting 
irregular margins, respectively. Their results 
show that ultrasound could be used to character-
ize adjacent site involvement, midline, and 
endophytic extent, in addition to visualizing the 
lingual artery.

20.5.2	 �Optical Imaging

In optical imaging for otolaryngology, research-
ers have shown extensive interest in the applica-
tion of ICG for interventional imaging. In 
parapharyngeal space tumor resections, 
Yokoyama et al. [50] observed fluorescent images 
of ICG injected via the cephalic vein using the 
HyperEye Medical System (MIZUHO 
Corporation Tokyo, Japan). At 10–30 min after 
injection, they confirmed the visibility of bright 
fluorescence emission with all tumors, including 
those behind the carotid artery, lower cranial 
nerves, and submucosal tumors hidden under fas-
cia. Nakamura et al. [51] compared cervical sen-
tinel node biopsies using the standard technique 
(blue dye and a gamma probe) in 20 basins of 18 

patients (group A) and using fluorescence navi-
gation along with the standard technique in 12 
basins of 16 patients (group B). The detection 
rate of sentinel nodes was 83 % (29/35 in group 
A) and 95 % (36/38 in group B), while the false-
negative rate was 6 % (1/18 patients in group A) 
and 0 % (in group B). In another study, Betz et al. 
[52] recruited 11 patients with free flap recon-
structions of the upper aerodigestive tract to 
undergo ICG fluorescence angiography. Results 
showed feasibility of providing guidance with 
real-time information about the perfusion state of 
the tissue without greater patient discomfort or 
risk of side effect.

ICG characterization of tissue perfusion has 
also been applied to guide intraoperative 
decision-making in complicated reconstructions 
in otolaryngology. Lee et  al. [53] conducted a 
pilot study using intraoperative laser-assisted 
ICG imaging measurements and fluorescence 
videos to objectively measure the benefit of vas-
cular delay procedures in patients with head and 
neck defects and wound healing risk factors 
requiring locoregional flap reconstruction. Two 
patients were identified based on comorbid con-
ditions that resulted in a higher risk of flap fail-
ure, as well as the need for a locoregional flap for 
reconstruction. At the initial elevation of the flap, 
quantitative results from flap imaging demon-
strated low perfusion numbers and minimal fluo-
rescence, suggesting poor tissue perfusion and 
increased likelihood of postoperative flap com-
promise or failure. Following a vascular delay of 
3 weeks, repeat measurements were substantially 
improved.

These studies not only show the potential of 
ICG but also active clinical interest for its usage 
for interventional purposes in otolaryngology. 
Historically, obtaining Food and Drug 
Administration (FDA) approval for routine clin-
ical use of such promising agents has been dif-
ficult to achieve [18]. For example, although 
ICG’s natural excretion path is through the hep-
atobiliary system, Intuitive Surgical had to run a 
new clinical trial to receive approval to use its 
Firefly Fluorescence system for cholangiogra-
phy [54]. Furthermore, clinicians routinely use 
ICG for lymph node detection in a variety of 
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anatomic locations, as recommended in the 
National Comprehensive Cancer Network 
guidelines; however, no organization has sought 
FDA approval due to the high cost of trials. 
Another fluorescence agent, methylene blue, 
visualized with white light, has consistently 
shown added value for localization during neck 
dissection [55], but is not currently FDA 
approved for any use. These clinical use scenar-
ios, along with the applications of ICG dis-
cussed above, are considered to be off-label by 
US regulatory agencies. More sufficient and 
consistent evidence showing the impacts of 
these methods is necessary in order to justify 
their use in routine clinical practice.

�Conclusion

Head and neck surgery has seen tremendous 
technical advances over the last decade in 
minimally invasive approaches to the upper 
aerodigestive track and neck as well as the 
introduction and widespread adoption of 
robotic platforms. Literature reviewed in this 
chapter has highlighted how intraoperative 
imaging can identify and preserve adjacent 
neurovascular structures of the retropharyn-
geal and parapharyngeal spaces while maxi-
mizing and the adequacy of resection. 
Certainly, as technology continues to evolve, 
the ability to treat pathology with greater pre-
cision and less morbidity will follow. 
Nonetheless, various challenges remain, 
including the use of very large robotic systems 
without haptic feedback while operating in the 
narrow, deep confines of the head and neck, 
which can be disorienting. Image-guided nav-
igation offers a promising tool to overcome 
these limitations by providing the surgeon 
with augmented visual information regarding 
the surgical environment. Clearly, researchers 
are pushing to adapt and evaluate diagnostic 
and preoperative techniques for navigation in 
robotic surgery for otolaryngology. Exciting 
but limited preclinical studies and clinical 
case studies demonstrate the potential utility 
of these systems. The widespread application 
and cost-effectiveness of such technology 
remain to be seen.
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Management of the Neck 
for Oropharyngeal Squamous Cell 
Carcinoma in the Era of Transoral 
Robotic-Assisted Surgery (TORS)

Rajarsi Mandal, Ian Ganly, and Snehal G. Patel

21.1	 �Introduction

In recent years, transoral robotic-assisted surgery 
(TORS) has revolutionized the surgical manage-
ment of malignant tumors of the oropharynx that 
were once only accessible through open proce-
dures such as mandibulotomy and pharyngotomy. 
TORS has facilitated the de-escalation of chemo-
radiation therapy in select patients, sparing them 
the morbidity of these therapies while not com-
promising oncologic outcome. However, the 
oncologic efficacy of TORS also relies on the 
appropriate management of the neck as this 
greatly influences locoregional and distant 

recurrence, as well as overall survival. Therefore, 
neck dissection is an important component of any 
TORS procedure performed for malignancy. This 
chapter will discuss the basic elements related to 
neck dissection for squamous cell carcinoma for 
oropharyngeal primary tumors resected by TORS 
and current controversies surrounding neck dis-
section such as the impact of HPV status on the 
behavior of nodal metastases. Additionally, rele-
vant complications of neck dissection and pre-
ventative measures during neck dissection (i.e., 
prophylactic transcervical arterial ligation) to 
reduce the severity of complications of TORS 
will also be discussed.
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21.2	 �Oropharyngeal Lymphatic 
Drainage and Nodal 
Metastasis

An understanding of oropharyngeal lymphatic 
drainage patterns is critical to the selection of 
appropriate cervical nodal dissection levels. 
Lymphatic drainage patterns of the neck have 
been extensively studied over several decades 
and are now well recognized. Based upon the 
predictive pathways of lymphatic drainage, the 
neck is typically divided into levels I–VI. Level I 
is divided into levels Ia (submental) and Ib (sub-
mandibular). Level Ia is bounded by the digastric 
muscles laterally, the mandible superiorly, and 
the hyoid bone inferiorly. Level Ib is bounded by 
the anterior and posterior bellies of the digastric 
muscle and the inferior border of the mandible 
and represents the submandibular triangle. 
Levels II–IV contain the internal jugular nodes. 
Level II (upper jugular) extends from the skull 
base to the level of the hyoid bone. It is posteri-
orly bounded by the posterior edge of the sterno-
cleidomastoid muscle and anteriorly by the 
stylohyoid muscle. Level II is further subdivided 
into levels IIa and IIb which are separated by the 
spinal accessory nerve. Level IIa extends ante-
rior to the nerve, while level IIb denotes the area 
posterior to the nerve. Level III (midjugular) 
extends from the inferior border of the hyoid to 
the inferior border of the cricoid cartilage. Its 
anterior border is the sternohyoid muscle, and its 
posterior border is the posterior edge of the ster-

nocleidomastoid muscle. Level IV (lower jugu-
lar) extends from the cricoid cartilage to the 
clavicle. Level V (posterior triangle) is the zone 
bounded by the anterior border of the trapezius 
muscle and the posterior border of the sterno-
cleidomastoid muscle. It extends inferiorly to 
the level of the clavicle. Level VI (anterior com-
partment) is found in the midline and extends 
from the hyoid to the suprasternal notch inferi-
orly. Its lateral boundary is the lateral border of 
the sternohyoid muscle or, as more recently pro-
posed, the medial border of the common carotid 
artery [1].

Lymphatic drainage patterns vary signifi-
cantly from patient to patient, but in general 
oropharyngeal tumors first drain to the retro-
pharyngeal and internal jugular nodal basins. 
Lateral pharyngeal tumors tend to spread to the 
lateral neck nodes, whereas more posteriorly 
located tumors tend to first drain to the retro-
pharyngeal nodes. A comprehensive analysis of 
nodal metastasis patterns of oropharyngeal and 
oral cavity squamous tumors was performed by 
Shah who reviewed 1,119 elective and therapeu-
tic neck dissections for squamous cell carcinoma 
of the oral cavity, oropharynx, hypopharynx, and 
larynx (Table 21.1) [2]. Of elective neck dissec-
tions performed for oropharyngeal primaries, 
the percentages of metastatic nodes in levels II, 
III, and IV were 80 %, 60 %, and 27 %, respec-
tively (Fig. 21.1), whereas the percentage of 
nodal metastasis in levels I and V was both only 
7  % each. It should be noted that this pattern 

Table 21.1  The percentage of identified cervical nodal metastases of squamous cell cancers of the head and neck 
stratified by primary site

Level of 
cervical 
nodal 
metastases

Oral 
cavity 
primary 
(elective 
ND)

Oral cavity 
primary 
(therapeutic 
ND)

Oropharyngeal 
primary 
(elective ND)

Oropharyn-
geal 
primary 
(therapeu-
tic ND)

Hypopha-
ryngeal 
primary 
(elective 
ND)

Hypopha-
ryngeal 
primary 
(therapeutic 
ND)

Laryngeal 
primary 
(elective 
ND)

Laryngeal 
primary 
(therapeutic 
ND)

I 58 61 7 17 0 10 14 8

II 51 57 80 85 75 78 52 68

III 26 44 60 50 75 75 55 70

IV 9 20 27 33 0 47 24 35

V 2 4 7 11 0 11 7 5

Modified from Shah [2]
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of metastasis is different from that of oral cav-
ity squamous cell carcinoma which typically 
involves levels I–III.  When nodal metastases 
occur outside of levels II–IV, it is typically asso-
ciated with concurrent level II–IV metastasis. 
Isolated “skip” lesions are extremely rare; in a 
study of 333 patients with oropharyngeal/hypo-
pharyngeal primaries, only one patient (0.3 %) 
was found to have an isolated skip metastasis 
outside of levels II–IV [3]. Recent studies have 
also confirmed that nodal metastases in the N0 
neck from oropharyngeal primaries mainly 
occur at levels II–IV [4]. Therefore, in the elec-
tive management of the neck for oropharyngeal 
primaries, dissection of levels II–IV is generally 
performed as an initial approach for selective 
neck dissection in these patients. While retropha-
ryngeal nodes are not routinely dissected elec-
tively for TORS, surgeons should be aware of 
the potential for metastasis to these nodes from 
cancers of the oropharynx. Larger retropharyn-
geal nodal metastasis may be accessible during 
TORS, but alternatively most retropharyngeal 
nodal metastases will need to be included in the 
fields of radiation therapy if adjuvant treatment 
is indicated.

21.3	 �Neck Dissection 
Classification

Neck dissection can be subclassified into com-
prehensive neck dissection and selective neck 
dissection based on the extent of surgical resec-
tion of key cervical structures.

21.3.1	 �Comprehensive Neck 
Dissection

The most extensive type of neck dissection is 
radical neck dissection which entails removal of 
the cervical nodes from levels I to V as well as the 
sternocleidomastoid muscle, spinal accessory 
nerve, and internal jugular vein. It is infrequently 
performed today; radical surgery is usually nec-
essary for therapeutic neck dissection if key 
structures are involved with extensive nodal 
disease.

In contrast, modified radical neck dissection 
involves removal of cervical nodes located at lev-
els I–V but with preservation of one or more of 
the following structures: the sternocleidomastoid 
muscle, spinal accessory nerve, and internal jug-
ular vein. Modified radical neck dissection type I 
involves preservation of only the accessory nerve, 
while modified radical neck dissection type II 
involves preservation of the accessory nerve and 
the internal jugular vein. Type III modified radi-
cal neck dissection, also referred to as functional 
neck dissection, involves preservation of the 
internal jugular vein, accessory nerve, and ster-
nocleidomastoid muscle. Sacrifice of these struc-
tures for TORS oropharyngeal primaries is 
appropriate only when these structures are clearly 
involved with disease. A clear surgical plane, not 
artificially created, should be present to ensure 
optimal oncologic outcome when preserving 
these structures but achieving gross total resec-
tion of all nodal disease.

21.3.2	 �Selective Neck Dissection

Selective neck dissection for elective manage-
ment of the clinically negative neck entails 

I
II

III

IV V

7%
80%

60%

27%

7%

Fig. 21.1  Percentages of total occult cervical nodal 
metastases from oropharyngeal primaries identified after 
elective neck dissection

21  Management of the Neck for Oropharyngeal Squamous Cell 



218

removal of lymph nodes at nodal levels which 
are at the highest risk for metastatic spread with 
preservation of the internal jugular vein, sterno-
cleidomastoid, and spinal accessory nerve. 
Nodal metastasis from oropharyngeal primaries 
occurs mainly to levels II–IV, and therefore 
selective neck dissection of the clinically nega-
tive neck in patients undergoing TORS for squa-
mous cell carcinoma of the oropharynx should 
include these levels (also known as lateral neck 
dissection).

The need for dissection of level IIb, the nodal 
subdivision defined as the area posterior to the 
spinal accessory nerve in level II, for squamous 
cell carcinoma of the oral cavity and oropharynx 
is debated among surgeons. Recent analyses have 
shown that dissection of level IIb is beneficial 
particularly for squamous cell carcinoma of the 
tonsil and in all patients with oropharyngeal pri-
maries who have clinically N+ disease (within 
and outside of level II) [5, 6]. In experienced 
hands, dissection of level IIb adds only mini-
mally increased risk of accessory nerve dysfunc-
tion and can be safely performed for appropriate 
cases.

21.4	 �Clinicopathological 
Differences Between HPV 
Positive and HPV Negative 
Neck Disease

Recent work has genetically characterized HPV 
positive and HPV negative tumors as distinct 
entities in regard to the drivers of their oncogen-
esis [7]. Therefore, it is not surprising that nodal 
metastases from these two distinct cancer sub-
types have different characteristics and behavior. 
The percentage of oropharyngeal tumors in the 
1990s that were HPV positive is estimated to be 
approximately 50  %; however, recent analysis 
has shown that this percentage has dramatically 
increased to as high as 80 % currently in North 
America and Europe [8].

As the vast majority of oropharyngeal tumors 
are HPV positive, an understanding of their dis-
tinct characteristics is critical for TORS surgeons. 
These characteristics can aid surgeons in the pre-
operative workup of these patients as well as 
affect intraoperative and postoperative manage-
ment. It is generally well accepted that HPV pos-
itive oropharyngeal squamous cell primaries are 
characterized by frequent and early nodal spread. 
This is in part due to the rich lymphatic drainage 
of the oropharynx. The prognostic impact of 
early and frequent nodal spread in HPV positive 
disease is believed to be not as important as nodal 
metastasis is for HPV negative squamous cell 
carcinoma. The physical characteristics of HPV 
positive and HPV negative nodal metastases are 
also distinct. Cystic cervical nodal metastases 
from squamous cell carcinoma have been associ-
ated with primary tumors which originate from 
Waldeyer’s ring (which includes the base of the 
tongue, palatine tonsils, and nasopharynx) in 
72–90 % of cases in which the primary tumor is 
detected [9, 10]. Furthermore, the cystic nature of 
oropharyngeal nodal metastases has also been 
linked to HPV positivity [10, 11]. The precise 
reasons for the occurrence of cystic metastases in 
oropharyngeal carcinoma are unclear but have 
been attributed to malignant salivary gland-type 
cells that metastasize from the oropharynx to cer-
vical nodes and which subsequently express their 
parental property in these lymph nodes [12]. 
Alternative explanations involve the transforma-
tion of keratinocytes which have an inherent pro-
pensity for cyst formation after malignant 
conversion to a transitional type of squamous cell 
carcinoma [10]. Regardless of the precise mecha-
nism of formation of cystic nodal metastases in 
HPV oropharyngeal tumors, surgeons should be 
aware of their frequent occurrence in the preop-
erative evaluation of these patients. It should be 
noted, however, that the presence of cystic cervi-
cal node metastases also occurs in other diseases 
processes as well, such as papillary thyroid carci-
noma and hypopharyngeal carcinoma.
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21.5	 �Management of the Neck 
in HPV Negative and HPV 
Positive Oropharyngeal 
Disease

As HPV positive and HPV negative tumors rep-
resent biologically distinct tumor entities, we 
advocate that the elective and therapeutic 
management strategy of the neck should differ 
between these two cancer subtypes. Here, we 
outline our clinical practice in regard to the surgi-
cal management of the neck for oropharyngeal 
squamous cell primaries in the context of HPV 
status (Fig. 21.2).

21.5.1	 �The N0 Neck in HPV Positive 
and HPV Negative Disease

21.5.1.1	 �Selective Neck Dissection 
(Levels II–IV)

Occult cervical nodal metastases occur in approx-
imately 30 % of early-stage tumors in both oral 
cavity and oropharyngeal primaries [13, 14]. As a 
result, elective neck dissection is usually offered 
to patients with a clinically and radiographically 
negative neck. As previously discussed, the nodal 
basins most commonly involved by both HPV 
positive and HPV negative oropharyngeal squa-
mous primaries are located at levels II–IV of the 
ipsilateral neck. Occult metastases outside of 
these levels are extremely uncommon, and true 
isolated skip metastases to levels I and V are even 
rarer. As a result, we advocate elective ipsilateral 
levels II–IV selective neck dissection for man-
agement of the clinically N0 neck in well-
lateralized HPV positive and HPV negative 
oropharyngeal tumors. Bilateral elective neck 
dissection of levels II–IV needs to be considered 

T1T2N0-N2 oropharynx
cancer 

HPV negative

cN0 neck

Selective neck
dissection

(II-IV) 

cN+ neck

Comprehensive neck
dissection

(I-V) 

HPV positive

cN0 neck

Selective neck
dissection

(II-IV) 

cN+ neck
No ECS

Selective neck
dissection

(II-IV) 

cN+ neck
ECS

Selective neck
dissection (II-IV)
with resection of

involved structures.

Fig. 21.2  Proposed treatment paradigm for the surgical management of the neck in HPV positive and HPV negative 
squamous cell primaries of the oropharynx
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for base of tongue lesions that are centrally 
located or approaching the midline.

A recent publication reported an overall sur-
vival advantage for early-stage oral cavity cancer 
after elective neck dissection [15]. However, 
these results cannot be extrapolated meaningfully 
to the oropharynx because of the distinct biologi-
cal behavior of HPV-related oropharynx cancer. 
On the other hand, the obvious utility of elective 
neck dissection in any head and neck cancer 
including oropharyngeal primaries is its ability to 
provide definitive histopathologic staging infor-
mation that is otherwise not available from any 
other existing investigative modality including 
modern radiographic imaging. This information 
can then be used by the multidisciplinary team 
for designing an individualized therapeutic plan 
for the patient based on risk versus benefit rather 
than an empiric estimation of the possibility of 
nodal metastatic disease.

Elective radiation to the neck can be per-
formed in select patients who have contraindica-
tions to or refuse elective neck dissection or 
whose primary tumor is amenable to treatment 
with radiation therapy alone. While generally 
outside of our treatment paradigm, close observa-
tion followed by surgical salvage if necessary 
may be an alternative option in these patients.

21.5.1.2	 �Role of Sentinel Node Biopsy
As the majority of patients with early-stage oro-
pharyngeal cancer will not harbor occult nodal 
metastases when staged clinically and radio-
graphically N0, some have advocated sentinel 
node biopsy in an effort to avoid the morbidity of 
elective neck dissection. Sentinel node biopsy 
entails lymphatic mapping in order to selectively 
identify nodes that are most likely to be involved 
via metastatic lymphatic spread. Current tech-
niques employ the use of preoperative lymphos-
cintigraphy with a radiolabeled colloid solution 
which is injected around the primary tumor. 
Specialized gamma cameras and handheld 
gamma probes are used to identify the flow of 
radiolabeled colloid solution to the sentinel 
nodes. Once identified intraoperatively, these 

nodes are biopsied, and the need for subsequent 
treatment is determined based on the histological 
analysis of the biopsied sentinel node(s) as can-
cer metastases usually spread in a serial fashion 
and the first encountered nodes (sentinel nodes) 
will harbor cancer cells before progressive spread 
to subsequent nodal basins.

There is a paucity of data surrounding the 
accuracy of sentinel node biopsy for oropharyn-
geal cancer. Furthermore, logistic and technical 
difficulties exist with the injection radioactive 
tracer material preoperatively for hard to access 
areas within the oropharynx. A large multi-
institutional trial specifically examining oral cav-
ity squamous cancers demonstrated accurate 
prediction of the pathologically negative neck 
based on negative sentinel nodes as high as 96 % 
[16]. A recent trial evaluating the efficacy of sen-
tinel node biopsy in oral cavity cancer (including 
oropharyngeal-bordering tumors) demonstrated a 
negative predictive value of 95  % [17]. It is 
unclear how well these results will translate to 
oropharyngeal primaries and sentinel node 
biopsy for oropharyngeal primaries is not cur-
rently recommended as standard-of-care outside 
of clinical trials.

21.5.2	 �Management of the N+ Neck 
in HPV Negative Disease

The management of the clinically N+ neck differs 
from that of the N0 neck. In a series of comprehen-
sive therapeutic neck dissections done for oropha-
ryngeal primaries, Shah demonstrated the presence 
of a significant number of level I and V nodal 
metastases as compared to those of patients who 
underwent comprehensive neck dissection for clin-
ically N0 disease [2] (Table 21.1). We therefore 
advocate comprehensive dissection of levels I–V in 
patients with HPV negative oropharyngeal prima-
ries with evidence of clinically N+ disease. 
Additionally, any grossly invaded cervical struc-
tures such as the sternocleidomastoid muscle, 
internal jugular vein, or spinal accessory nerve 
should be resected for optimal oncologic outcome.
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21.5.3	 �Management of the N+ Neck 
in HPV Positive Disease

Previous studies examining the impact of nodal 
metastases on patient outcome did not take into 
account the effect of HPV status on tumor behav-
ior and prognosis. As previously discussed, we 
now understand that HPV positive and HPV neg-
ative tumors are very different biological cancer 
subtypes that also have distinct clinical behavior. 
Given these inherent differences, questions have 
arisen regarding the ideal management of the 
clinically N+ neck in HPV positive oropharyn-
geal cancer and whether treatment paradigms 
should be the same as N+ disease in HPV nega-
tive cancers. A recent large retrospective analysis 
of 201 patients with surgically resected oropha-
ryngeal cancer from our institution has provided 
significant insight regarding the differences in 
prognostic factors between HPV positive and 
HPV negative tumors [18]. Interestingly, 
pathologic nodal status had no impact on survival 
for HPV positive patients but showed a trend 
toward significance in HPV negative patients 
(Fig. 21.3). This suggests that nodal metastases 
in HPV positive patients are more indolent and 

generally do not portend worse clinical outcome 
as compared to HPV negative nodal metastases. 
As a result, our clinical practice for clinically N+ 
oropharyngeal HPV positive squamous cell pri-
maries is to perform an ipsilateral selective neck 
dissection of levels II–IV (including any clini-
cally involved neck levels). Some of these 
patients will go on to receive adjuvant postopera-
tive radiation therapy based on their pathologic 
characteristics. Radiation therapy appears to be 
sufficient to address the rare occult nodal metas-
tases in levels I and V that are not addressed sur-
gically. The addition of postoperative radiation 
therapy in N1 disease remains at the discretion of 
the surgeon and multidisciplinary treatment 
team. N1 nodal disease that has been satisfacto-
rily resected without adverse features such as 
extensive extracapsular nodal spread can be 
observed without the addition of postoperative 
radiation therapy. In contrast, N1 nodal disease 
that possesses adverse features such as extensive 
extracapsular spread may receive postoperative 
radiation at the discretion of the multidisciplinary 
treatment team. Further discussion of postopera-
tive radiation therapy following neck dissection 
is detailed below.
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Fig. 21.3  Kaplan-Meier plots demonstrating the impact 
of pathologic cervical nodal status in HPV positive and 
HPV negative tumors of the oropharynx on patient sur-

vival (Reproduced with permission from Iyer et al. Annals 
of Surgical Oncology, 2015 [18])
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21.6	 �Pharyngeal Defects 
Following Primary Tumor 
TORS and Neck Dissection

When neck dissection is carried out concurrently 
with TORS resection of the primary tumor, there 
is always the possibility that a full thickness 
defect can be created through the pharyngeal 
musculature into the neck. Because of this risk, 
some surgeons prefer to delay the neck dissec-
tion until 2–4 weeks after TORS of the primary. 
However, the majority of surgeons now carry out 
neck dissection in conjunction with TORS in 
order to facilitate adjuvant radiation treatment in 
a timely fashion. Surgeons must therefore be 
aware of the potential for pharyngeal defects to 
result from such combined surgeries and be pre-
pared to repair such defects. TORS of a large 
oropharyngeal primary can have significant 
implications for neck dissection. Through-and-
through defects can create an open communica-
tion between the neck and pharynx that must be 
addressed intraoperatively. The presence of a 
pharyngocervical salivary fistula in close prox-
imity to an exposed carotid artery increases the 
risk of carotid rupture postoperatively. Thus 
large primary pharyngeal resection beds may 
require primary closure or coverage with local 
flaps or free tissue transfer if a salivary commu-
nication exists or is likely to develop. Recently, 
the Classification of Oropharyngeal Robotic 
Defects (CORD) has been proposed to help 
guide reconstruction defects following TORS 
[19, 20]. This classification characterizes the 
surgical defect in terms of size, location, extent 
of oropharyngeal resection, presence of pharyn-
gocervical fistula, and exposure of the carotid 
artery. Reconstruction can proceed, primarily, 
with local flaps or free tissue transfer through 

combined transoral and open approaches through 
the neck. Clearly, prophylactic transcervical 
arterial ligation (discussed below) should be 
avoided when reconstruction with microvascular 
free tissue transfer is anticipated. As discussed 
elsewhere in this book, a number of free flap 
reconstructive options have been used to repair 
pharyngeal/hypopharyngeal defects following 
TORS including radial forearm, anterolateral 
thigh, and jejunal flaps. Pedicled flaps have also 
been used including pectoralis major and supra-
clavicular artery flaps. Primary closure tech-
niques with musculomucosal advancement flap 
pharyngoplasty have been described in order to 
decrease fistula rates and improve functional 
outcome following surgery [21]. In many of 
these techniques, including free flap reconstruc-
tion, the surgical robot has been utilized in per-
forming parts of the reconstruction, including 
the microvascular anastomosis [22]. If the defect 
is small, most surgeons will allow the resection 
bed to heal by secondary intention, and neck dis-
section can thus proceed without any additional 
considerations for reconstruction of the primary 
site. Large resection beds are subject to salivary 
secretions and continuous movement of the oro-
pharynx during deglutition, making the resection 
bed vulnerable to wound breakdown. This may 
increase the risk for postoperative pharyngocer-
vical fistula, cervical infection, and/or vascular 
breakdown resulting in oropharyngeal hemor-
rhage. For these reasons, proper selection of 
cases for TORS is crucial, and we recommend 
avoidance of leaving large areas of the orophar-
ynx to heal by secondary intention. Local, pedi-
cled, or free flaps can aid in providing healthy 
tissue to cover the resection bed and can be inset 
during the time of neck dissection through com-
bined open and transoral techniques.
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21.7	 �Extracapsular Nodal 
Extension in HPV+ 
Oropharyngeal HSNCC

Traditionally, extracapsular nodal extension of 
head and neck cancers portended worse out-
comes and survival [23–25]. This has led to the 
recommendation for adjuvant chemoradiation 
therapy for patients with evidence of extracapsu-
lar spread (ECS) following surgery. Locoregional 
control and survival have indeed been shown to 
be improved after chemoradiation in these 
patients in several studies [26–28]. However, 
these studies group all head and neck squamous 
cancers together, including HPV positive and 
HPV negative oropharynx cancer, in their analy-
ses. It is now clear that HPV positive and HPV 
negative tumors represent distinct oncologic enti-
ties, and a significant survival advantage is seen 
in HPV positive tumors as compared to HPV 
negative tumors [29]. This has led to recent spec-
ulation regarding the prognostic effects of ECS in 
head and neck squamous cell nodal metastases. 
In a recent study by Sinha et al., disease-free sur-
vival was no better in p16-positive (which serves 
a surrogate measure for HPV positivity) patients 
with ECS treated with adjuvant chemoradiation 
therapy as opposed to patients who were not 
treated with adjuvant chemoradiation therapy 
despite ECS [30]. A subsequent study from the 
University of Pittsburgh confirmed that ECS was 
not an independent predictor of worse survival in 

HPV positive tumors suggesting that ECS alone 
may be insufficient criteria to merit adjuvant 
chemoradiation [31]. More recently, Iyer et  al. 
demonstrated by retrospective analysis that ECS 
was prognostic in HPV negative tumors but had 
no statistically significant effect on survival in 
HPV positive tumors (Fig. 21.4). These early 
studies suggest that HPV positive patients with 
ECS may possibly be able to be spared adjuvant 
chemotherapy; however, randomized prospective 
trials will be needed first before definitive recom-
mendations can be made regarding the sparing of 
chemotherapy in these patients, and these trials 
are indeed underway [32].

These studies on the impact of nodal ECS are 
particularly important in patient selection for 
TORS surgery. Traditionally, if chemoradiation 
appeared inevitable despite surgical resection, 
then the additional morbidity of surgery was con-
sidered as an argument to favor chemoradiation 
therapy as primary treatment for these patients. 
However, if ECS proves not to be a worse prog-
nostic factor for patient survival and locoregional 
recurrence, then perhaps select patients may be 
better served with TORS surgery or radiation 
alone in order to avoid the morbidity of upfront 
primary chemoradiation. In a study from the 
University of Pittsburgh, TORS was able to obvi-
ate or reduce the need for additional therapy in 
76  % of stage I/II and 46  % of stage III/IV 
patients [33].
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Fig. 21.4  Kaplan-Meier plots demonstrating the impact 
of extracapsular spread (ECS) of cervical nodal metasta-
ses in HPV positive and HPV negative tumors of the oro-

pharynx on patient survival (Reproduced with permission 
from Iyer et al. Annals of Surgical Oncology, 2015 [18])
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21.8	 �Adjuvant Radiation Therapy 
Following TORS/Neck 
Dissection

Clearly, avoidance and de-escalation of adjuvant 
therapy is a potential benefit of primary surgical 
treatment. As previously discussed, HPV positive 
HNSCC represents a biologically less aggressive 
subtype compared to HPV negative disease. 
Therefore, the need for conventional full-dose 
radiation therapy in patients with HPV positive 
tumors has fallen into question. It may be possible 
to de-escalate the total dose of radiation therapy in 
lower-risk HPV positive patients if surgically 
derived histopathologic information is used in 
rational decision-making. In an effort to more 
definitely answer this question, the Eastern 
Cooperative Group (ECOG) 3311 trial 
(NCT01898494) was designed to study the effect 
of radiation dose de-escalation in intermediate-
risk HPV positive patients undergoing transoral 
surgery (Fig. 21.5). Low-risk patients are observed 
without any adjuvant therapy, whereas high-risk 
patients are treated with standard chemoradiation 
therapy. Here, low-risk patients are defined as 
those with T1–T2, N0–N1 disease with clear mar-
gins and no evidence of ECS, perineural invasion, 
or lymphovascular invasion. High-risk patients 
are defined as those with positive margins, exten-
sive ECS, or greater than five positive metastatic 

lymph nodes. These treatment paradigms for low- 
and high-risk patients are in line with previous 
and current practice. Intermediate-risk patients 
are of particular interest in this study. Intermediate-
risk patients are defined in this study as patients 
with either at least one close (<3  mm) margin, 
minimal (<1 mm) nodal ECS, two to four meta-
static lymph nodes, perineural invasion, or lym-
phovascular invasion. Patients in the intermediate 
subgroup are randomized to receive either stan-
dard-dose radiation therapy at 60  Gy or de-
escalated to receive 50 Gy. The trial is ongoing, 
and it will be important to see if de-escalation can 
offer equivalent survival and recurrence outcomes 
as full-dose radiation therapy. If oncologic out-
comes are equivalent and functional results are 
superior, this may support the use of TORS in 
select “intermediate”-risk patients to decrease the 
toxicity of adjuvant treatment.

A recent retrospective analysis was performed 
on 175 patients with p16+ oropharyngeal SCC 
with ECS and/or close positive margins treated 
with either 66 Gy or 60 Gy postoperatively [34]. 
The authors found there was no difference 
in locoregional recurrence-free survival between 
the two groups. These data further suggest that 
HPV+ oropharyngeal nodal metastases represent 
a biologically less aggressive disease entity and 
may not require an aggressive adjuvant therapy 
as compared to HPV negative disease.
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Fig. 21.5  Eastern Cooperative Oncology Group (ECOG) 
3311 protocol for the evaluation of de-escalation of 
intermediate-risk patients following TORS.  Low-risk 
patients receive observation postoperatively, and high-risk 

patients receive chemoradiotherapy (Reproduced with 
permission from: http://ecog-acrin.org/clinical-trials/
e3311-educational-materials)

R. Mandal et al.

http://ecog-acrin.org/clinical-trials/e3311-educational-materials
http://ecog-acrin.org/clinical-trials/e3311-educational-materials


227

21.9	 �Transcervical Arterial 
Ligation During Neck 
Dissection for the Prevention 
of TORS-Related 
Hemorrhage

A particularly relevant concern for TORS is the 
risk of severe postoperative hemorrhage. This 
risk, albeit small, can lead to life-threatening 
complications secondary to the aspiration of 
large-volume blood loss. The reported frequency 
of postoperative hemorrhage varies widely in the 
literature and ranges from 1.5 % to 11.5 % with 
severe or life-threatening bleeds occurring only 
rarely [35–42]. The average time to postoperative 
hemorrhage is roughly 1  week, when most 
patients are no longer in the inpatient setting 
[39]. Severe complications in patients who suffer 
from life-threatening hemorrhage tend to occur 
in patients who are unable to protect their airway 
at the time of hemorrhage which underscores the 
need for appropriate patient selection for TORS 
[39].

Prophylactic transcervical arterial ligation 
performed at the time of neck dissection has been 
proposed as a means to mitigate the severity of 
postoperative hemorrhage following TORS in 
patients who experience such events. Evidence 
from high-volume TORS centers supports the use 
of prophylactic transcervical arterial ligation as a 
means to potentially decrease the overall severity 
of post-TORS hemorrhage [39, 40]. Consequently, 
many institutions, including our own, routinely 
perform prophylactic transcervical arterial liga-
tion at the time of neck dissection to reduce the 
risk of postoperative hemorrhage in high-risk 
patients. We advocate distal vessel ligation of the 
superior thyroid, ascending pharyngeal, facial, 
and lingual arteries on the ipsilateral side of 
tumor resection. Bilateral vessel ligation should 
not be performed as this may significantly com-
promise end-organ blood flow.

It has been suggested that external carotid 
artery ligation may contribute to the development 
of first bite syndrome postoperatively through 
selective denervation of the cervical sympathetic 
plexus that accompanies the external carotid and 
ultimately innervates the parotid gland [43]. 

However, these events are exceedingly rare, and a 
clear association has yet to be established. The 
potential benefits of transcervical arterial ligation 
in preventing potentially life-threatening oropha-
ryngeal hemorrhage greatly outweigh the small 
risk of developing first bite syndrome from liga-
tion. Nevertheless, we advocate distal selective 
vessel ligation of the branches of external carotid 
supplying the oropharynx (e.g., ascending pha-
ryngeal, lingual, facial arteries) rather than the 
main external carotid to minimize disruption of 
the sympathetic plexus. Additionally, preliminary 
functional cadaveric studies from our institution 
suggest that distal vessel ligation of external 
carotid artery branches may be more efficacious 
than external carotid artery ligation alone in the 
prevention of severe post-TORS hemorrhage 
given the extensive collateral flow from the con-
tralateral carotid system as well as the ipsilateral 
internal carotid arterial system.

Prophylactic ligation is one method to help 
potentially reduce the adverse impact of postop-
erative hemorrhage following TORS.  Other 
means include placing a temporary tracheostomy 
(<2  weeks) in high-risk patients at the time of 
neck dissection (or primary tumor resection) to 
assist airway protection in the event of a postop-
erative bleed. In the future more sophisticated 
technologies may allow for the closure of the 
tumor resection bed either primarily or with local 
flaps transorally. These interventions may help to 
eliminate the occurrence of severe postoperative 
hemorrhage in these patients.

21.10	 �Chylous Fistula

Chylous fistula following neck dissection can be 
distressing to the patient and prolong hospital 
stay following surgery. Its reported incidence is 
low and is approximately 1–2 % following neck 
dissection. During neck dissection, the thoracic 
duct is found in the left neck and can have a 
highly variable branching pattern. Two or more 
branches are seen in up to 40 % of patients. The 
duct typically terminates in the internal jugular 
vein and is vulnerable to injury at this location 
(particularly along the medial wall of the vein) as 
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this region is highly accessible during surgery. 
Intraoperative measures taken during neck dis-
section can facilitate prevention. Particular atten-
tion to the extravasation of chyle during dissection 
of level IV is critical in preventing postoperative 
fistula. Prophylactic clamping and tying of adi-
pose tissue in level IV as the nodal packet is dis-
sected close to the jugular vein can reduce the 
occurrence of thoracic duct fistula. Surgeons 
should be aware of the location of the phrenic and 
vagus nerves during this process to avoid inad-
vertent injury to these structures. The thoracic 
duct or its branches are often not visualized dur-
ing neck dissection, and meticulous ligation in 
level IV is therefore crucial. Intraoperative 
Valsalva maneuver can be used to aid in the visu-
alization of extravasated chyle from an injured 
lymphatic duct. Any visualized extravasation 
should be immediately addressed intraopera-
tively with suture ligation.

Chylous fistulas that develop postoperatively 
may be initially managed conservatively if 
patients are asymptomatic and chylous drain 
output is less than 600  mL in a 24 h period. 
Chylous drain output greater than 300  mL per 
day for 3 days is unlikely to resolve with conser-
vative measures alone [44]. Conservative man-
agement of chylous fistula involves dietary 
measures including a nonfat or low-fat diet 
which decreases the flow/production of lym-
phatic fluid/chyle. In more severe cases, oral 
intake can be entirely restricted, and nutritional 
support is provided parenterally until chyle leak-
age is controlled. If patients are receiving nutri-
tional tube feedings, formulations with 
medium-chain triglycerides are recommended as 
medium-chain triglycerides bypass the lym-
phatic system via the portal vein and are thus 
transferred directly to the liver. Somatostatin 
analogs such as octreotide are also useful in the 
conservative management of chylous fistula. 
These agents decrease chyle production and are 
often used in the management of low-output 
chyle leaks. In fact, some evidence suggests that 
octreotide may be useful in the treatment of 
high-flow chyle leaks as well [45]. Compressive 
dressings may also be useful in the conservative 

management of chylous fistula, particularly if 
accumulation of fluid is observed under intact 
skin flaps.

If chyle output exceeds the abovementioned 
thresholds or remains persistent despite conser-
vative management, surgical intervention should 
be considered. Exploration and suture ligation in 
the operative room can be technically challeng-
ing but is an effective means to address persistent 
or high-volume chylous fistula. Thoracic duct 
embolization and transthoracic endoscopic tho-
racic duct ligation have also been described as 
minimally invasive alternatives to surgical explo-
ration. While highly successful in some cases, the 
overall reported success rates are highly variable, 
and the procedure is not without its potential 
complications.

21.11	 �Contraindications 
and Patient Selection

The advent of TORS with neck dissection has 
significantly expanded the treatment options for 
cancers of the oropharynx. It has provided surgi-
cal access to the oropharynx that was once only 
accessible via more invasive open procedures. 
However, as other treatment modalities such as 
radiation and chemoradiation therapy are also 
effective, appropriate selection of patients is criti-
cal to provide the most efficacious and safe treat-
ment for the patient. While an exhaustive 
discussion of relative and absolute contradictions 
for TORS is not presented here, key contraindica-
tions as they relate specifically to neck dissection 
are presented.

Frank involvement of carotid artery by tumor 
or tumor nodal metastases can present a chal-
lenge to successful neck dissection. Patients who 
have tumor encasing the carotid artery are best 
treated nonsurgically because complete surgical 
resection is not feasible or safe even with carotid 
artery resection and grafting, especially in those 
who have extensive disease at the skull base. 
Other contraindications include invasion of the 
prevertebral fascia, paraspinal muscles, and bra-
chial plexus.
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21.12	 �Summary

Management of the regional lymphatics is a criti-
cal component of treatment selection and surgi-
cal planning in management of patients with 
squamous cell carcinoma of the oropharynx. The 
patterns of nodal metastases from the oropharynx 
have been well recognized for several decades, 
but we now know that nodal metastases have dif-
ferent characteristics and behavior depending on 
HPV status of the tumor. Improved understand-
ing of these differences has led to an evolution of 
management strategies of not only the primary 
tumor but also of cervical nodal metastases. 
Individualized patient selection balancing risk 
versus benefit based on multidisciplinary interac-
tion is crucial for successful outcome after surgi-
cal treatment of oropharyngeal squamous cell 
carcinoma.
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