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Abstract
Objective To evaluate the feasibility and safety of robotic-assisted breast-axillo insufflation thyroidectomy (RABIT) for
differentiated thyroid cancer.
Methods In this retrospective case series, patients with differentiated thyroid carcinoma were enrolled in our hospital from
January 2018 to December 2018. All patients underwent indirect laryngoscopy to assess the status of vocal cord preoperatively. RABIT was performed with five separate breast-axillo incisions. All the procedures were performed using da Vinci
Xi Robotic Surgical System, a single docking method using CO2 insufflation.
Results Twelve patients completed RABIT, in which one case needed conversion to open thyroidectomy. The mean age
was 30.25 ± 7 with male to female ratio being 1:1. Preoperative diagnosis showed papillary carcinoma (n = 9) and follicular
neoplasm (n = 3). The mean operative time for RABIT was 140 ± 50.45 min and average blood loss during surgery was
22.92 ± 9 mL. Mean hospital stay was 4.42 ± 1.08 days. Final pathology confirmed classical papillary thyroid carcinoma
(n = 10; 83.3%) and follicular variant of papillary carcinoma (n = 2; 16.7%). None of the cases reported injury or paralysis
to the recurrent laryngeal nerves.
Conclusion RABIT is a safe and feasible approach for thyroidectomy. It has several advantages in that it provides similar
symmetrical view to conventional open surgery and enables to maintain specimen integrity and use of assistant port permits
better handling of the gland. Additionally, the largest operating angles with this technique prevent collision between the
robotic arms and provide excellent cosmetic satisfaction due to very small, five separate breast-axillo incisions.
Keywords Robotic · Thyroidectomy · Breast-axillo approach · Minimally invasive · Remote-access

Introduction
Over the past two decades, there has been a tremendous evolution in the surgical approaches and techniques for thyroidectomy. The first endoscopic thyroidectomy was performed
by Gagner et al. in 1996 [1]. After this, many minimally
invasive and remote access endoscopic approaches to thyroidectomy were implemented [2-7]. However, to overcome
the shortcomings of endoscopic approach such as limited
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and rigid range of motion, reduced eye-hand coordination
and two-dimentional imaging, robotic surgical systems were
introduced to perform thyroidectomy. In 2007, Chung et al.
performed transaxillary thyroidectomy using the da Vinci
robotic system [4]. Since then, many studies have demonstrated the safety and feasibility of this technique [8-12].
Various surgical approaches for robotic thyroidectomy have
been described, including transaxillary, retro-auricular and
transoral [13-16]. Although all these techniques have eased
the manipulation of the gland, they focus less on the specimen integrity which is a key for histological diagnosis and
disease management.
Considering the worldwide acceptability of axillary
approach for thyroidectomy, we performed robotic-assisted
breast-axillo insufflation thyroidectomy (RABIT). RABIT
provides a symmetrical view of both thyroid lobes for optimal visualization and dissection of vital structures, which
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closely resembles that of conventional open thyroidectomy.
Thus, this technique helps in maintaining the specimen
integrity. Also, it has the largest operative angles between
the instruments that can distinctively prevent the instrument
crowding or fighting. Most importantly, excellent cosmesis
can easily be achieved because of the five separate and small
incisions instead of a single long scar over the neck or other
remote sites [17-21]. In this retrospective case series, we
evaluate the safety and feasibility of our technique RABIT
using Da Vinci Xi ® Surgical System for differentiated thyroid cancers.

Material and methods
Registration and ethics
All procedures were in accordance with the Declaration of
Helsinki. The ethical and institutional committee approval
was obtained for data collection. Patients were clearly
explained about the procedure and informed consent was
obtained.

Study design
This is a single-center, retrospective observational study
with consecutive case series. This research has been reported
in accordance with the PROCESS criteria [22].

Type of intervention deployed
Total thyroidectomy was performed using da Vinci Xi
Robotic Surgical System (Intuitive Surgical, Sunnyvale,
CA, USA), a single docking method using CO2 insufflation.

Intervention details
Patient positioning
Patients were administered general anesthesia and positioned
in supine position with their neck extended. Both the arms
were raised naturally and rotated cephalad to expose the
axilla fully and were fixed on the arm board with sufficient
padding to create ‘praying mantis position’. To avoid brachial plexus, injury arms should be extended and abducted
within the range of shoulder motion. Once the ideal position was achieved, the patient’s arm, neck and chest were
prepped and draped exposing the axilla, neck and upper
chest [Fig. 1a].
Working space formation and port placement
Linear incision of 1.5 cm was marked 1 cm posterior to
the anterior axillary line in the right axilla and the flap was
raised superficial to the pectoralis major muscle. The flap
elevation was continued using a specially designed retractor
with integrated fiber optic light source and suction cannula

Setting
We performed RABIT at the Department of Surgical Oncology, Fortis Hospital, Bangalore between January 2018 and
December 2018.

Participants
All patients were carefully selected with inclusion criteria
limiting the size of the nodule to 4 cm. All patients who
desired for scarless surgery were counselled for RABIT
without any restriction of gender or age. However, most of
our patients were of younger age. Patients with prior neck
surgery or irradiations at the neck or breast, extrathyroidal
tumor invasions to larynx, trachea, esophagus, or recurrent
laryngeal nerve (RLN) were absolute contraindications.

Pre‑intervention consideration
All patients underwent indirect laryngoscopy to assess the
status of vocal cord preoperatively. Patients were given intravenous prophylactic antibiotics as per institutional protocol.
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Fig. 1  Patient position with marked working space (a) and working
space creation using a lit retractor (b)
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[Fig. 1b]. Once the flap was raised by technique up to the
opposite clavicular head of sternocleidomastoid muscle, left
axillary robotic port is placed by blunt technique. Two breast
ports were placed by making 8 mm incisions at the upper
border of the junction between the areola and skin. The
breast ports are placed bluntly. Then, a 5 mm assistant port
was placed 1 inch below and 2 inches posterior to the right
axillary incision. The robotic port is placed in the right axillary incision and secured with 2-0 silk sutures to attain air
seal. The working space was inflated with CO2 at a pressure
of 6–10 mmHg and flow rate of 6–10 L/min using standard
CO2 insufflators [Fig. 2].
Docking stage
Once adequate working space was created, the Da Vinci Xi
robot was docked. The right-sided breast port was used as
the camera port. We used monopolar scissors (Hot Shear) in
left breast port and Fenestrated Bipolar in right axillary port,
and a Prograsp® forceps on the retracting arm. Rest of the
robotic arms were docked. It is important to keep sufficient
distance between each robotic arm to avoid instrument clash
inside the working space [Fig. 3].
Console stage
The procedure starts with completion of flap raising. The
flap was raised below the investing layer of cervical fascia.
The pretracheal fascia is opened in midline and the strap
muscles were dissected away from thyroid [Fig. 4]. A prograsp® forceps was used to retract the thyroid to the opposite side in a lateral to medial approach and the dissection
continued towards the tracheoesophageal groove. Middle
thyroid vein was coagulated using the fenestrated bipolar.

Fig. 2  Port placement. The four robotic ports (1–4) and one assistant
port (a)

Fig. 3  DaVinci Robotic Xi system after docked

The exposure of the paratracheal groove was completed.
Parathyroid gland was identified and preserved along with
its blood supply. The recurrent laryngeal nerve is identified and preserved [Fig. 5a, b]. Following this, the superior
pole dissection was performed. The external branch of the
superior laryngeal nerve could be identified at this stage in
many cases [Fig. 6].
The contralateral lobe was addressed first by approaching
inferior pole and dissecting in the tracheoesophageal grove
from medial to lateral. No change in the instrument or camera position was needed. The tracheoesophageal groove was
dissected to expose the recurrent laryngeal nerve and the
inferior parathyroid gland when visible. The dissection of
the gland up to the tubercle of zuckerkandl was performed.
Superior pedicle was dissected and secured after preservation of external branch of the superior laryngeal nerve when
visualized [Fig. 6]. The tubercle of zuckerkandl is the last
part tone dissected and transected. When needed central
neck dissection and lateral neck dissection could be performed using the same port positions. Excellent cosmetic
outcomes were observed post-operatively and the patients
were highly satisfied with the scar [Fig. 7a, b].

Fig. 4  Right lobe of thyroid gland exposed and retracted to the opposite side. The middle thyroid vein dissected (arrow)
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Fig. 7  a The preoperative appearance. b Postoperative appearance

Fig. 5  The parathyroid gland (black arrow) and recurrent nerve
(white arrow) identified, and preserved. a Right side, b left side

Table 1  Clinicopathological parameters of the patients (n = 12)
Variables

Values

Age (years)
Gender ratio (male:female)
Comorbidities

30.25 ± 7 (20–47)
1:1
Asthma (20%)
Hypothyroid (8.3%)
2.54 ± 1.05 (1–4)
33.3%

Tumour size (cm)
Node (clinical)
Preoperative pathology
Papillary carcinoma
Follicular neoplasm

9 (75)
3 (25)

Values are presented as mean ± standard deviation (range) or number
(%)
Fig. 6  External branch of the superior laryngeal nerve (arrow) and
the superior pedicle on the right side

Results

Who performed the procedures

Participants

The procedure was performed by a surgical oncologist who
is a specialist in handling advanced endoscopic and robotic
instruments with experience in treating oral/head and neck
oncological cases.

In our case series, 11 out of 12 cases underwent total thyroidectomy. One case was converted to open approach. Nine
cases had papillary carcinoma and three had follicular neoplasm as common preoperative diagnosis. The mean age was
30.25 years (range 20–47) and male to female ratio was 1:1.
The largest size of thyroid lobe operated was 4 cm (Table 1).

Post‑intervention considerations
Hemostasis was confirmed. Single suction drain is placed in
the subcutaneous plane. The drain is removed after 2–3 days
when the output is below 50 mL in 24 h. All the specimens
were retrieved through the primary incision after placing in
a specimen retrieval bag. The further treatment was based
on the final histopathological results.
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Surgical outcomes
Excellent cosmetic outcomes were observed post-operatively and the patients were highly satisfied with the
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Table 2  Postoperative outcomes
Outcomes

Values

Hospital stay (days)
Drain removal (days)
Hypocalcaemia
No
Transient
Permanent
Recurrent laryngeal nerve paralysis
Histology
Classical papillary thyroid carcinoma
Follicular variant of papillary thyroid carcinoma
Nodal positivity (N1b)
Wound related problems

4.42 ± 1.08
2.83 ± 0.71
6 (50)
5 (41.7)
1 (8.3)
0
10 (83.3)
2 (16.7)
4 (33.3)
1 (8.3)

Values are presented as mean ± standard deviation or number (%)
Table 3  Surgical outcomes
Outcomes

Number of patients

Type of surgery
Total thyroidectomy
Total thyroidectomy + Level 6 + FND
Conversion to open
Surgical time (mins)
Docking time (mins)
Blood loss (mL)
Superior laryngeal nerve identified
Parathyroid identified
Recurrent laryngeal nerve preservation
Surgical emphysema

8 (66.7)
4 (33.3)
1 (8.3)
140 ± 50.45
35.91 ± 3.46
22.92 ± 9
8 (66.7)
9 (75)
12 (100)
0

Values are presented as mean ± standard deviation or number (%)

scar. The mean operative time was 140 ± 50.45 min with
mean docking time of 35.91 ± 3.46 min. The mean hospital stay was 4.42 ± 1.08 days with an average blood loss
of 22.92 ± 9 mL during surgery. Final pathology showed
classical papillary thyroid carcinoma in 10 (83.3%) cases
and follicular variant of papillary carcinoma in 2 (16.7%)
cases (Table 2). Superior laryngeal nerve and parathyroid
were identified in eight and nine cases, respectively, and
Table 4  Advantages of RABIT
over robotic BABA

recurrent laryngeal nerve was identified and preserved in
all the 12 cases (Table 3).

Post‑operative complications
No significant post-operative complications were observed
except wound related problems in one case (8.3%). This
patient had superficial surgical site infection and was treated
with dressing and oral antibiotics. No recurrent laryngeal
nerve paralysis was observed. Transient hypoparathyroidism
was noted in 5 cases (41.7%) and permanent was noted in
1 case (8.3%). The patient with permanent hypoparathyroidism had extensive central compartment disease and was
throne who had to be converted to open surgery.

Discussion
This novel approach using RABIT is feasible and safe in
treating differentiated thyroid carcinoma. The results show
no post-operative complications, excellent cosmetic and
acceptable surgical outcomes with the mean operative time
of 140 min and no recurrent laryngeal nerve paralysis. Many
remote access thyroidectomy have been described to overcome cosmetically unfavorable outcomes of conventional
open thyroidectomy [23, 24]. The unique advantages with
RABIT are the placement of five separate and small incisions, use of additional axillary port and sustaining specimen integrity for better oncological outcomes. Robotic
BABA described by KE Lee et al. [25] is similar to RABIT
however, for unknown reason robotic BABA has not been
the popular technique. A table comparing the advantages of
RABIT over robotic BABA is depicted in Table 4.
In robotic BABA, breast port through circum-areolar
incision is used for the primary port placement and a working space is created through both breasts bilaterally which
could be traumatic to the breast by raising flaps through the
breast tissue. However, in RABIT, we created the working
space through one of the axillary wounds. The breast ports
and opposite axillary port are 8 mm robotic ports which are
placed in blunt manor. Also, compared to robotic BABA,
we used a 5 mm laparoscopic assistant port 3 cm below the
primary axillary port. This port is used for suctioning as

RABIT

Robotic BABA

Breast incision is smaller and trauma is less
Praying mantis position reduces the distance to
thyroid and improves the working angle
Assistant port placement defined
Monopolar scissors used
Specimen intact

Primary port from breast with large incision
Classical thyroid position
None
Hormonic scalpel used which is considerably costlier
Specimen cut into two hemithyroidectomies
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well as assisting in the surgery and the retraction provided
through this is useful in better tissue handling. The Robotic
BABA and other robotic techniques do not used an assistant
port [25-28].
Additionally, we used a praying mantis position for this
technique. This position brings down the distance between
the neck and axilla and there is no undue strain on the shoulder in this position. We have not encountered any brachial
plexopathy in our series.
Furthermore, most of the minimally invasive thyroidectomy techniques split the thyroid in the isthmus and perform
two hemithyroidectomy instead of a total thyroidectomy [29,
30]. By this, the specimen integrity is compromised which
is not ideal for oncological cases. RABIT compliments
specimen integrity. This is possible because of the centrally
placed camera, perfect triangulation and use of three robotic
and one assistant instruments.
The gasless retroauricular and transaxillary robotic
approaches for thyroidectomy described by other authors
[31-34] use axillary larger wounds (approximately 7–10 cm).
As the approach to the contralateral lobe is difficult in gasless approach, most surgeons use a separate contralateral
incision to approach the other lobe leaving the patient with
two separate large incisions, whereas the wound of RABIT
is small (1.5 cm), completely hidden in the axilla and both
the lobes can be approached without any modification or
fresh incision. In addition, the vision of RABIT is similar to
open technique, so there is no relearning of anatomy and no
re-docking as both lobes can be approached by single docking. Also, RABIT technique does not require any special
retractors that adds to the establishment cost.
The CO2 insufflation is proven to be safe and has been
used for years [35]. In our series, we have not encountered
any complications associated with insufflation. The pressure
was maintained between 6–10 mmHg with a flow rate of
10 L/min. E
 tCO2 was monitored constantly as it is a good
indicator of CO2 absorption.
Robotic thyroidectomy has till date been mainly used
for cosmetic reasons. The incision has been placed away
from anterior neck to make it cosmetically acceptable which
makes it a remote access surgery more than an open surgical
invasion. Moreover, the robotic systems enable better magnification of anatomical structures to identify and preserve
them, an Endowrist function for high degree of motion,
elimination of physiological tremor and a rapid learning
curve add favor to the surgeon. Moreover, for patients, less
bleeding and pain, shorter hospital stay and rapid recovery
have made the robotic thyroidectomy a preferred surgical
option despite of high cost and longer duration of surgery.
Our study is first of its kind case series reporting the feasibility and safe of this technique. No post-operative complication and good oncological outcomes was due to clear symmetrical view provided by this technique which is similar

13

to open thyroidectomy. However, limitations with the use
of robotic instruments are high cost which could restrict its
accessibility to few patients. Further studies involving larger
number of patients and longer-term follow-up are needed to
substantiate our findings.
In conclusion, RABIT being a novel approach for thyroidectomy has several advantages over other minimal invasive
remote access techniques. Due to symmetrical view of both
the lobes of thyroid which is similar to conventional open
thyroidectomy. This approach helps to maintain specimen
integrity and enables total thyroidectomy in addition to a
high-definition three-dimensional vision with the help of
robotic system technology; additionally, the largest operative angles prevent collision between the operating instruments and use of an assistant port along with three robotic
and camera part is helpful for better handling of the gland.
Moreover, the surgical scar is small providing an excellent
cosmetic satisfaction. Based on our findings, RABIT is a
safe and feasible technique and has a lesser potential to cause
any postoperative complications.
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