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Summary: Transoral robotic surgery (TORS) has revolutionized head and neck 
cancer treatment by offering minimally invasive access to challenging anatomical 
regions. The first TORS procedure was performed in 2003, using the da Vinci 
Surgical System to remove a vallecular cyst, demonstrating its feasibility in otolaryn-
gology. In 2005, Hockstein et al advanced robotic applications for pharyngeal and 
laryngeal regions, making TORS a viable alternative to more invasive approaches, 
such as mandibulotomy for tumor resection. Initially used for small tumors, TORS 
has expanded to include larger tumors requiring free flap reconstruction for 
extensive oropharyngeal defects. Robotic surgery also continues to grow in other 
head and neck procedures, with increasing reports of robotic thyroidectomy and 
skull base procedures. As robotic techniques expand, challenges for reconstruc-
tive surgeons accustomed to open techniques may arise. It is imperative that plas-
tic surgeons embrace new technology and innovate accordingly. This case series 
explored a novel, minimally invasive approach to transoral free flap inset and 
pedicle positioning using a nerve- and vessel-sparing mini-pharyngotomy. Four 
patients underwent robotic-assisted resection and free flap reconstruction, avoid-
ing traditional mandibulotomy and lateral pharyngotomy, thus preserving critical 
structures such as the hypoglossal and lingual nerves. This method may reduce sur-
gical morbidity, optimize pedicle transfer, and improve functional outcomes. All 
patients had successful reconstructions with no flap loss or fistulas, and follow-up 
ranged from 9 to 70 months. These findings suggest that robotic-assisted free flap 
inset with a mini-pharyngotomy is a safe, effective, and patient-centric alternative 
to conventional approaches in head and neck reconstruction. (Plast Reconstr Surg 
Glob Open 2026;14:e7441; doi: 10.1097/GOX.0000000000007441; Published online 2 
February 2026.)
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INTRODUCTION
Patient positioning is crucial for successful transoral 

robotic surgery (TORS).1 Patients are placed supine with 
neck extension using a head extension table and the 

Laryngeal Advanced Retractor System for better robotic 
access.2 The anesthesia team is positioned at the foot of 
the table. A tracheotomy is performed for airway security 
and flap inset facilitation. Padding prevents nerve com-
pression and skin injuries.

The robotic system is docked at the head of the table 
for direct oral access (Fig. 1).3 Two instrument arms and 
1 camera arm of the da Vinci Surgical System (Intuitive 
Surgical Inc., Sunnyvale, CA) are equipped with 
Maryland dissectors and monopolar cautery devices. 
Calibration ensures precise navigation. Docking starts 
with the camera arm, followed by the instrument arms 
under direct visualization to prevent collisions. Final sys-
tem adjustments ensure optimal arm movement and 
ergonomics.
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Transoral resections use the da Vinci Surgical System, 
with the lead surgeon operating from the console and 
an assistant managing instrument exchange, suctioning, 
and hemostasis.4 In this case series, the da Vinci S and 
Xi systems were used. Vessels are clipped proactively to 
control bleeding. The primary tumor specimen under-
goes frozen section analysis for margin assessment. After 
TORS, neck dissection and vessel preparation are per-
formed concurrently without robotic assistance. A lateral 
neck incision provides access to cervical structures while 
preserving critical nerves and veins. Ipsilateral external 
carotid artery branches are prepared for microvascular 
anastomosis, preserving all except those necessary for 
arterial anastomosis.

Defect templates guide flap planning. Flap harvest is  
performed concurrently with neck dissection and recipient 
vessel preparation, after temporarily undocking the  
robot. An anatomical study at our institution determined  
a minimum pedicle length of 6 cm for transfer through a  
mini-pharyngotomy. The dissection of the mini- 
pharyngotomy involves the hypoglossal nerve, carotid  

artery, and internal jugular vein branches. The mini- 
pharyngotomy’s position and height depend on the pharyn-
geal defect location. Two approaches are used: for defects  

Takeaways
Question: Which techniques can be used for robotic-
assisted free flap inset and minimally invasive pedicle 
positioning in the reconstruction of oro- and hypopha-
ryngeal defects?

Findings: This case series described a nerve- and vessel-
sparing mini-pharyngotomy technique for transoral 
robotic free flap inset in 4 patients. The approach 
enabled safe pedicle positioning and reconstruction with-
out mandibulotomy, with no flap loss or fistula formation 
observed.

Meaning: Robotic-assisted inset using a mini- 
pharyngotomy provides a safe, effective, and minimally 
invasive alternative to conventional techniques in com-
plex oro- and hypopharyngeal reconstruction.

Fig. 1. Illustrative setup of the da Vinci Surgical System Xi in the OR. A second console is not necessary but useful for teaching purposes. 
OR, operating room.
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involving the posterior/lateral pharyngeal wall, a small  
opening is created between the most lateral and caudal  
point of the resection and the neck (Fig. 2). For anterior  
oropharyngeal access, a submandibulectomy is performed  
with neck dissection, sparing the hypoglossal and lingual  
nerves. By retracting the hyoid bone caudally and making a 
minimal incision at the level of the vallecula, we create a  
safe tunnel for flap transfer (Fig. 3). The 1- to 2-cm  
mini-pharyngotomy incision is oriented along the direction  
of the constrictor muscle fibers and is made only large 
enough to avoid pedicle compression. This approach mini-
mizes the risk of early postoperative leak. This novel tech-
nique, described here for the first time, preserves critical  
anatomical structures while avoiding mandibulotomy,  
thereby reducing surgical morbidity. The pedicle is passed  
“inside-out,” through the mini-pharyngotomy, using a  
Penrose drain filled with sterile Ringer’s lactate to protect it  
from damage.

Transoral free flap inset is performed using 3-0 
Novosyn with a blunt 180-degree needle for areas 

amenable to manual suturing. The remaining flap is inset 
in difficult-to-access regions, such as the hypopharynx, 
using the da Vinci system, allowing for precise suture 
placement with 10× optical zoom. The robot is undocked 
again, and microvascular anastomosis is performed using 
an operative microscope. The lateral neck dissection inci-
sion is used to access recipient vessels for microvascular 
anastomosis. Arteries are anastomosed to the superior 
thyroid artery using 8-0 Nylon. Venous anastomoses are 
performed either end-to-side or end-to-end to the internal 
jugular vein, using a venous coupling device (Synovis Inc., 
Birmingham, AL).

Perioperative care follows a defined protocol.5 Flap 
monitoring is done with the Cook-Swartz Doppler Probe. 
Oral feeding begins 10 days postoperatively in nonirradi-
ated patients and after 3 weeks in irradiated patients, fol-
lowing leak assessments.

In this case series (2017–2024), 4 patients underwent 
robotic-assisted resection and free flap reconstruction 
(Table 1). The median defect size was 23.4 ± 9.7 cm² 

Fig. 2. Schematic illustration of the lateral mini-pharyngotomy used for defects of the posterior pharyngeal wall. A small, vertical 
opening is created between the most lateral and caudal point of the resection and the neck. The hypoglossal nerve, lingual nerve, and 
external carotid artery branches are spared except for the superior thyroid artery, which was used for arterial anastomosis in all cases.
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(range 12.25–30 cm²). Tumor resections in patients 3 
and 4 were R0, whereas patients 1 and 2, treated for 
osteoradionecrosis and chronic osteomyelitis, showed no 
recurrence. There were no flap losses, leaks, or infec-
tions. Two patients required return to the operating 
room postoperatively. Patient 3 experienced a postopera-
tive hematoma, which was managed with arterial clip-
ping, preserving the flap. (See figure, Supplemental 

Digital Content 1, which displays the resulting oropha-
ryngeal defect measuring 4 × 7 cm after transoral robotic-
assisted resection of a focal synovial sarcoma in patient 3, 
https://links.lww.com/PRSGO/E618.) (See figure, 
Supplemental Digital Content 2, which displays the out-
come after transoral robotic-assisted free flap inset of the 
left radial forearm free flap in patient 3, https://links.
lww.com/PRSGO/E619.) Patient 1 experienced delayed 
tracheal bleeding on postoperative day 16. Neck explora-
tion and sternotomy revealed irritation of hypergranula-
tion that caused bleeding, but no arteria lusoria was 
found. Follow-up ranged from 9 to 70 months, with all 
patients decannulated by discharge.

DISCUSSION
TORS, initially used for small tumor resections, now 

facilitates larger tumor resections with free flap recon-
struction optimizing function and aesthetics in extensive 
oropharyngeal defects. Traditional lateral pharyngotomy 
often involves nerve and vessel transection, leading to 
complications such as dysphagia, dysarthria, and mastica-
tion claudication.6

Robotic-assisted surgery enhances precision and mag-
nification, and reduces invasiveness, improving outcomes 
and minimizing morbidity.7 A systematic review by Chen 
et al8 confirms TORS’s efficacy with favorable oncological 
results. However, the minimal access required for TORS 
presents challenges for reconstructive surgeons using tra-
ditional techniques. Adopting robotic technology is essen-
tial to minimize reconstructive morbidity and optimize 
outcomes.

Conventional free flap reconstruction in TORS is 
particularly challenging due to limited access for skin 

Fig. 3. Illustrated access to the anterior oropharynx, which 
involves a submandibulectomy (retracted cranially for illustration 
purposes). By retracting the hyoid bone caudally and making a 
minimal incision at the level of the vallecula, a safe and efficient 
tunnel to the oropharynx is created for the transfer of the free 
flap pedicle.

Table 1. Patient Demographic Data and Surgical Parameters

No.
Age, 

y ASA

Defect 
Localiza-

tion Surgical Indication
Flap 
Type

Pedicle 
Length, 

cm

Defect 
Size, 
cm2 Pharyngotomy

Sequence of 
Flap Inset

Total 
Dura-

tion of 
Surgery, 

min

da 
Vinci 
Surgi-

cal 
System

1 63 3 Posterior 
pharyn-
geal wall

Osteoradionecrosis 
following combined 
RCT of an SCC of the 
nasopharynx

RFF 
(left)

6 12.25 Right cervi-
cotomy, right 
lateral mini- 
pharyngot-
omy

Transoral, 
robotic-
assisted, 
fibrin glue 
cranially

487 S

2 67 3 Posterior 
pharyn-
geal wall 
and cervi-
cal spine

Chronic osteomyelitis of 
the cervical spine and 
disc after surgical treat-
ment and RT of an 
SCC of the oropharynx

RFF 
(left)

6 N/A Left cervi-
cotomy, left 
lateral mini- 
pharyngot-
omy

Robotic-
assisted, 
fibrin glue 
caudally

420 S

3 44 3 Left tonsil Synovial sarcoma (cT4 
cN0 cM0)

RFF 
(left)

10 28 Left cervicotomy, 
left subman-
dibular mini-
pharyngotomy

Robotic-
assisted

463 Xi

4 63 3 Left tonsil SCC (cT2 cN0 cM0) RFF 
(left)

12 30 Left cervi-
cotomy, left 
submandibu-
lar mini- 
pharyngotomy

Transoral, 
robotic-
assisted

452 Xi

ASA, American Society of Anesthesiology; RCT, radiochemotherapy; RFF, radial forearm free flap; RT, radiotherapy; SCC, squamous cell carcinoma.
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island inset and pedicle transfer to neck vessels. Although 
robotic-assisted free flap inset has been published before, 
the minimally invasive pharyngotomy described here has 
not been previously described or illustrated, to the best 
of our knowledge.9,10 Avoiding mandibulotomy and tra-
ditional lateral pharyngotomy, this technique minimizes 
morbidity and preserves anatomical structures. It pre-
serves hypoglossal and lingual nerves, maintaining post-
operative tongue sensation and swallowing; reduces the 
risk of pharyngocutaneous fistula; minimizes trauma to 
the constrictor muscles; and simplifies reconstruction with 
a shorter pedicle. As robotic-assisted free flap inset has not 
been widely adopted clinically, the authors would like to 
reinforce its feasibility and advantages in head and neck 
reconstruction.

Robotic-assisted surgery has limitations. Soft tissue 
swelling restricts space for instruments, mitigated by intra-
operative intravenous hydrocortisone. Severe trismus 
remains a contraindication. Robotic systems lack haptic 
feedback, requiring careful monitoring by the assistant to 
prevent instrument mismanagement. Suturing in the naso-
pharynx is challenging due to angulation; fibrin glue was 
used in 2 cases to aid flap inset. Increased operative time 
is a known drawback, with a mean duration of 455.5 ± 27.8 
minutes in this study. The learning curve for TORS pla-
teaus after approximately 20 cases.11 Fasciocutaneous free 
flaps are ideal due to superior ischemic tolerance com-
pared with muscle flaps. Thin and pliable flaps such as 
radial forearm free flaps are preferred, though lateral 
arm and medial sural artery perforator flaps are viable 
alternatives.
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