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Abstract

Background It is unclear whether near-infrared (NIR)

light-induced indocyanine green (ICG) fluorescence can

effectively identify, and thus permit the preservation of,

parathyroid glands in bilateral axillo-breast approach

(BABA) robotic thyroidectomy. This case–control study

with a prospectively recruited consecutive series and a

retrospectively selected control group assessed the useful-

ness of ICG with Firefly(R) technology to identify the

parathyroid glands intraoperatively during BABA robotic

thyroidectomy.

Methods All consecutive patients (N = 22) who were

scheduled to undergo BABA robotic thyroidectomy for

papillary thyroid carcinoma in December 2013–August

2015 and met the study eligibility criteria were recruited

prospectively. ICG fluorescence was used with the Firefly

system (NIR illuminator: 805 nm; filter: 825 nm) inte-

grated in the da Vinci Si robot system to identify the lower

parathyroid glands. Parathyroid hormone levels were

recorded on postoperative days 0, 1, 2, and 14. Propensity

score matching was used to identify an age-, gender-,

tumor size-, and operation type-matched group of control

patients who underwent BABA robotic thyroidectomy

without the Firefly system. The two groups were compared

in terms of parathyroid-related outcomes.

Results ICG fluorescence-mediated identification of the

parathyroid and thyroid glands required on average (range)

203 ± 89 (125–331) and 207 ± 112 (130–356) s, respec-

tively. The mean (range) fluorescence duration in these

glands was 20.8 ± 6.0 (16.6–35.8) and 20.1 ± 7.3 (15.5–

33.8) min, respectively. The ICG group had a significantly

lower rate of incidental parathyroidectomy than the control

group (0 vs. 15.9%, P = 0.048).

Conclusions ICG with NIR light may feasibly and safely

identify the parathyroid glands in BABA robotic

thyroidectomy.

Keywords Bilateral axillo-breast approach � Robotic
thyroidectomy � Parathyroid glands � Indocyanine green

fluorescence � Near infrared � Firefly technology

The rate of thyroid cancer has risen more rapidly in the last

decade than other endocrine malignancies [1]. Many cen-

ters now use radical operations such as total thyroidectomy

and lobectomy to treat it [2]. Recently, many studies

showed that new endoscopic and laparoscopic techniques

of thyroid surgery are safe and feasible [3]. One of these

new techniques is bilateral axillo-breast approach (BABA)

endoscopic thyroid surgery. This technique was first

described by Youn’s group in 2004 and was shown to have

favorable oncological and esthetic outcomes when used to

treat benign and malignant thyroid disease [4]. In 2008,
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Youn’s group reported BABA robotic thyroidectomy

(BABA RoT), in which BABA thyroidectomy is combined

with the da Vinci robotic system (Intuitive Surgical Inc.,

Sunnyvale, CA, USA) [5]. Their 2013 review of their 1026

consecutive cases of BABA RoT showed that, when

compared to open thyroidectomy, this technique associated

with similar surgical completeness rates and accept-

able rates of complications [6].

Although thyroid malignancy is generally indolent, and

thus associates with high overall survival and low recur-

rence rates after thyroidectomy, thyroidectomy associates

with complications such as hypoparathyroidism and

recurrent laryngeal nerve (RLN) palsy, which can seriously

impair patient quality of life [7]. Many studies show that

intraoperative nerve monitoring can markedly improve

RLN preservation rates [8]. However, there remains sub-

stantial debate on how to prevent hypoparathyroidism after

thyroidectomy. Several studies show that approximately

50% of patients who undergo total thyroidectomy develop

transient hypoparathyroidism; this results in many symp-

toms and the need for medications and calcium and vitamin

D supplementation [9]. Moreover, 1–5% of patients

develop permanent hypoparathyroidism after total thy-

roidectomy, which greatly impairs their long-term quality

of life [10]. In the past, surgeons sought to avoid these

problems by carefully identifying the parathyroid glands

via anatomical dissection using landmarks such as the

inferior thyroidal artery and RLN; this approach naturally

requires considerable surgical experience [11]. More

recently, various agents such as methylene blue, indocya-

nine green (ICG), and 99 m Technetium sestamibi (MIBI)

are being used to detect the parathyroid glands [12–14].

ICG has long been used for liver excretory function

testing [15]. Currently, it is also being used in a variety of

other fields, such as to evaluate vessel patency after anas-

tomosis or for fluorescence navigation to detect sentinel

lymph nodes [16]. ICG provides information about deeper

lying blood veins because it fluoresces under near-infrared

(NIR) light, which penetrates deeply with a high signal-to-

background ratio. This makes tissues seem more translu-

cent, thus yielding good intraoperative images of well-

vascularized structures [17]. Our recent canine model study

showed that ICG under NIR is useful for identifying and

preserving the parathyroid glands [18]. Furthermore, the

Firefly system (Novadaq Technologies Inc., Mississauga,

ON, CAN) (NIR illuminator: 805 nm/filter: 825 nm) inte-

grated to the da Vinci Si robot system (Intuitive Surgical

Inc., Sunnyvale, CA, USA) was introduced recently; this

system makes it easier to use ICG fluorescence in robotic

surgery [19].

At present, however, the usefulness of ICG fluorescence

for identifying and preserving the parathyroid glands dur-

ing thyroid surgery in humans remains poorly studied. To

address this, the present case–control study evaluated the

feasibility and safety with which ICG preserves the

parathyroid glands in thyroid cancer patients who undergo

BABA RoT.

Materials and methods

This case–control study of a prospective series and a ret-

rospectively selected control group was approved by the

Institutional Review Board of Seoul National University

Bundang Hospital (no. B-1309/217-001) and was con-

ducted in accordance with the principles of the Declaration

of Helsinki and its revisions. All patients provided

informed consent to undergo the procedure before surgery.

Patients

All consecutive patients who were diagnosed with papil-

lary thyroid carcinoma (PTC) and were candidates for

BABA RoT in Seoul National University Bundang

Hospital between December 2013 and August 2015 were

recruited prospectively. All operations were performed by

a single endocrine surgeon. Patients who had a medical

history of severe cardiovascular and respiratory disease,

chronic kidney disease, cerebrovascular infarction, uncon-

trollable hypertension, diabetes mellitus, and/or drug

allergy were excluded. In addition, patients younger than

20 years or older than 70 years and those who were preg-

nant were excluded.

A control group that matched the ICG group in terms of

age, sex, tumor size, and surgery type (total thyroidectomy

vs. thyroid lobectomy) was identified retrospectively using

propensity score matching. There were two controls for

every ICG group patient. All controls had undergone

BABA RoT without ICG fluorescence and all satisfied the

inclusion criteria listed above for the ICG group. All

operations in the control group were conducted by the same

surgeon who performed the operations in the ICG group.

The demographic and clinical characteristics of the

patients in the two groups were recorded.

BABA RoT procedure

The surgical techniques in BABA RoT have been descri-

bed in detail previously [20]. Briefly, the patient is placed

in a supine position, and the neck is hyperextended by

placing a pillow under the shoulders. To prevent flap

bleeding and to dissect the soft tissues, hydro-dissection is

performed by injecting saline-diluted epinephrine solution

(1:200,000) into the subplatysmal layer of the neck and

subcutaneously into the anterior chest using a long spinal

tapping syringe. Thereafter, four skin incisions are made on
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the superomedial margins of both areolar plates and both

axillary folds. After meticulous dissection with a subcuta-

neous tunneler, four trocars are placed at each port site

(Fig. 1). The working space for robotic surgery is main-

tained by insufflating 5–6 mm Hg CO2. Once the da Vinci

Si robot system is docked to the patient, the operator

divides the isthmus using a harmonic scalpel. After ligating

the middle thyroidal vein, the surgeon proceeds to dis-

secting the thyroid gland in the upward direction with

ligation of the inferior thyroidal vessels and preservation of

the RLNs and the superior and inferior parathyroid glands.

Ipsilateral central lymph node dissection is performed after

resection of the thyroid lobe in which the thyroid cancer is

located. In the case of total thyroidectomy, contralateral

lobectomy is performed in the same manner.

ICG injection

In the present study, the Firefly system was used to pre-

serve the lower parathyroid gland in the ICG group. First,

before surgery, ICG powder (25 mg) was dissolved by

adding 10 cc of saline to the bottle (Fig. 2A). Thereafter,

4 cc of the ICG solution, which corresponds to 10 mg of

ICG for 60 kg adult (0.17 mg/kg), was removed from the

bottle using a syringe. As indicated by the use of ICG in the

liver excretory function test, ICG doses of up to 30 mg are

safe for a 60 kg adult. After dissecting the strap muscle

from the thyroid, the ICG solution was administered via the

patient’s intravenous line. After the injection, the Firefly

system was turned on. The time to fluorescence onset in the

parathyroid and thyroid glands, and the duration of fluo-

rescence in each gland were recorded. The fluorescence

pattern in the RLN was also assessed.

To ensure that the visualization of the parathyroid

glands is not hampered by ICG leakage into the operative

field due to vessel damage, the strap muscle dissection

should be performed carefully to prevent bleeding from the

surrounding structures, such as the strap muscles, thyroid

capsule, and central lymph nodes. In addition, the ICG

should be injected slowly to allow the parathyroid glands to

be discriminated from the thyroid gland; if the injection is

too fast, both glands will light up simultaneously and

strongly.

To confirm that the structures being illuminated by the

ICG injection really are parathyroid glands, nine patients

underwent an intraoperative tissue parathyroid hormone

(PTH) assay. Thus, using the robot arms, the surgeon

aspirated the surface of the assumed parathyroid gland with

a long spinal tapping needle attached to a syringe con-

taining 3 cc of saline (Fig. 2B). The tissue fluid from the

needle tip was then placed in a test bottle along with the

saline and sent to the laboratory.

Definitions

PTH levels were recorded on postoperative days 0, 1, 2,

and 14. Transient hypoparathyroidism after total thy-

roidectomy was defined as the drop in serum PTH levels

Fig. 1 Skin flap for bilateral axillo-breast approach (BABA) robotic

thyroidectomy. ‘‘v’’ indicates the thyroid cartilage, ‘‘?’’ the cricoid

cartilage, and ‘‘u’’ the sternal notch. The black dotted line indicates

the midline. The 12-mm trocar for the camera is placed at the right

breast, while 8-mm trocars are placed at the left breast and both

axillae

Fig. 2 Photograph of the bottle containing the powdered form of

indocyanine green (ICG) (A) and the intraoperative tissue parathyroid

hormone (PTH) assay (B). A Before surgery, a vial of ICG (25 mg) is

mixed with 10 cc of normal saline, after which 10 mg is delivered via

the intravenous line. B The intraoperative tissue PTH assay is

performed after parathyroid fluorescence is detected by aspirating the

surface of the assumed parathyroid gland (white circle) with a spinal

tapping needle engaged with 3 cc of normal saline
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below 15 pg/mL (normal range 15–65 pg/mL) and/or the

need for oral calcium and vitamin D supplementation to

maintain normocalcemia. Permanent hypoparathyroidism

was defined as the drop in serum PTH levels below 15 pg/

mL and the need for ongoing oral calcium supplementation

beyond 1 year. Incidental parathyroidectomy was defined

as the presence of parathyroid gland material in the

resected specimens on histology.

Data and statistical analysis

The two groups were compared in terms of demographic

and clinical variables using Student’s t test and Chi-square

tests. The statistical package used for all analyses was

SPSS ver. 18.0 software (SPSS Inc., Chicago, IL, USA).

P values of \0.05 were considered to indicate statistical

significance.

Results

Before the study commenced, a pilot study was performed

to identify the ICG dose that would allow the best visual-

ization of the parathyroid glands. Thus, 14 patients were

recruited and assigned to seven groups of two. The seven

groups received 1, 2.5, 5, 7.5, 10, 15, or 20 mg of ICG. The

fluorescence patterns in the lower parathyroid gland were

assessed by the operator. This study showed that 10 mg of

ICG generated the best parathyroid gland visualization

intensity and identification time (around 3 min after the

ICG injection) for 60 kg adult (0.17 mg/kg). No operation-

related complications were observed.

The demographic and clinical characteristics of the ICG

and control groups are listed in Table 1. In total, 22 (1 male

and 21 females) and 44 (3 males and 41 females) patients

underwent BABA RoT with and without ICG, respectively.

The mean (range) age of the two groups was 38.6 ± 7.8

(22–54) and 39.4 ± 8.0 (22–60) years, respectively, and

their mean (range) body weights were 59.2 ± 9.6

(39.2–76.8) and 57.7 ± 9.2 (47.2–90.2) kg, respectively.

In the ICG group, 11 patients underwent total thyroidec-

tomy and the remaining 11 patients underwent thyroid

lobectomy. In the control group, 20 patients underwent

total thyroidectomy and 24 underwent lobectomy. There

were no cases of conversion to open thyroidectomy. All

ICG group patients and all but one of the control group

patients had papillary thyroid carcinoma. The mean (range)

tumor sizes were 0.95 ± 0.72 (0.3–3.6) and 0.99 ± 0.61

(0.2–3.5) cm, respectively.

Table 1 also shows the ICG injection variables of the

ICG group. The mean (range) times between the injection

and visualization of the inferior parathyroid and thyroid

gland by ICG fluorescence were 203 ± 89 (125–331) and

207 ± 112 (130–356) s, respectively. The mean (range)

durations with which ICG fluorescence was maintained in

the inferior parathyroid and thyroid gland were 20.8 ± 6.0

(16.6–35.8) and 20.1 ± 7.3 (15.5–33.8) min, respectively.

The average (range) operation time for each lobectomy was

27.3 ± 6.6 (20.2–37.0) min. In total, 32 parathyroid glands

were targeted in the 22 ICG group patients for identifica-

tion by ICG fluorescence under NIR light: All 32 were

successfully visualized. One parathyroid gland was not

identified during surgery and was not found in the speci-

men tissue. There is the possibility that parathyroid glands

may be present in the thymus or other places.

In terms of postoperative complications, there were no

cases of transient RLN palsy in the ICG group. However,

four patients in the control group (9.1%) had transient RLN

palsy. This difference did not achieve statistical signifi-

cance (P = 0.145). None of the patients developed an

allergic or anaphylactic reaction to the ICG intravenous

injection. Table 2 shows the postoperative outcomes of the

parathyroid glands. The ICG and control groups had sim-

ilar rates of transient hypoparathyroidism (36.4 vs. 40%,

P = 0.842) and permanent hypoparathyroidism (9.1 vs.

5%, P = 0.657). However, the ICG group had significantly

lower rates of incidental parathyroidectomy (0 vs. 15.9%,

P = 0.048). All incidental parathyroid glands were

removed from lower parathyroid glands.

Figure 3 shows a photo of the inferior parathyroid gland

and its subsequent fluorescence under NIR light after ICG

injection. Around 3 min after the ICG injection, the lower

parathyroid gland and the middle thyroidal vessel exhibited

ICG uptake and thus could be seen in contrast to the sur-

rounding tissues.

PTH assay

In the last nine patients of the ICG group, the intraoperative

tissue PTH assay was performed on 13 assumed parathy-

roid glands. The assay showed that all 13 tissues were

indeed parathyroid glands. Thus, there was 100% bio-

chemical confirmation of the ICG-detected parathyroid

glands. For reference, the structures surrounding the

parathyroid glands, namely the subcutaneous fat, stern-

ocleidomastoid muscle, and central lymph nodes, were also

assessed by the tissue PTH assay. However, PTH was

never detected in these samples.

Discussion

Up until 1850, the mortality rate after thyroid surgery was

approximately 40% due to the high intraoperative bleeding

and postoperative infection rates [21]. Subsequently, the

innovations introduced by Theodor Kocher, who is
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considered to be the pioneer of modern thyroid surgery,

made thyroid surgery a safe operation [22]. In 1996,

Gagner reported the first case of endoscopic parathy-

roidectomy. This increased the demand for scarless sur-

gery, leading to the emergence of many kinds of minimally

invasive surgery techniques [23]. These include BABA

RoT, which is now widely considered to be a safe and

effective surgical method [3]. However, thyroid surgery

continues to associate with various complications, partic-

ularly hypocalcemia due to parathyroid gland damage and

voice change caused by nerve injury [7]. As a result, sur-

geons in recent years have aimed to avoid inducing

hypocalcemia and RLN injury when performing total thy-

roidectomy [24]. The study by Youn’s group of their large

consecutive series (n = 1026) shows that BABA RoT

associates with good preservation of the RLN and the

parathyroid glands [20]; in particular, the rates of

temporary and permanent hypocalcemia after total thy-

roidectomy were 36 and 2%, respectively. This degree of

surgical complication is acceptable compared to that seen

with other methods [6].

ICG is the first fluorophore that was approved for clin-

ical use by the US Food and Drug Administration. It is

particularly useful because it has a short half-life of about

3–5 min and is excreted into the bile [18]. Moreover, under

NIR light, ICG fluoresces, thus allowing the visualization

of deep-lying vessels or tissues. This largely reflects the

fact that NIR penetrates more deeply than visible wave

lengths, thus causing the tissues to become more translu-

cent [17]. ICG fluorescence has long been used for liver

function testing and has since been adapted for other assays

in humans such as oncology imaging [16]. We recently

used a canine model to evaluate the safety of ICG and to

identify the optimal ICG dose for NIR fluorescent imaging

Table 1 Demographic and clinical characteristics of the two groups and the indocyanine green fluorescence variables

Variables Group A (n = 22) Group B (n = 44) P value

Patient demographics

Gender (female/male) 21:1 41:3 0.715

Mean age, years (range) 38.6 ± 7.8 (22–54) 39.4 ± 8.0 (22–60) 0.911

Mean body weight, kg (range) 59.2 ± 9.6 (39.2–76.8) 57.7 ± 9.2 (47.2–90.2) 0.679

Type of operation

Total thyroidectomy, n (%) 11 (50.0) 20 (45.5) 0.727

Thyroid lobectomy, n (%) 11 (50.0) 24 (54.5)

Pathology

Papillary thyroid carcinoma, n (%) 22 (100) 43 (97.7) 0.476

Tumor size, cm (range) 0.95 ± 0.72 (0.3–3.6) 0.99 ± 0.61 (0.2–3.5) 0.798

ICG injection

Mean time to parathyroid visualization, s (range) 203 ± 89 (125–331) NA NA

Mean time to thyroid visualization, s (range) 207 ± 112 (130–356) NA NA

Mean duration of parathyroid fluorescence, min (range) 20.8 ± 6.0 (16.6–35.8) NA NA

Mean duration of thyroid fluorescence, min (range) 20.1 ± 7.3 (15.5–33.8) NA NA

Mean operation time for each lobectomy, min (range) 27.3 ± 6.6 (20.2–37.0) NA NA

Postoperative complications

Transient RLN palsy, n (%) 0 (0) 4 (9.1) 0.145

Allergy to ICG, n (%) 0 (0) NA NA

RLN, recurrent laryngeal nerve; ICG, indocyanine green; NA, not available

Table 2 Postoperative

parathyroid gland-related

outcomes

Variables Group A (n = 22) Group B (n = 44) P value

Transient hypoparathyroidism, n (%) 4 (36.4)a 8 (40)a 0.842

Permanent hypoparathyroidism, n (%) 1 (9.1)a 1 (5)a 0.657

Incidental parathyroidectomy, n (%) 0 (0) 7 (15.9) 0.048

ICG Indocyanine green
a Percentage of patients who underwent total thyroidectomy only
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of the parathyroid gland [18]. We found that the time to

peak fluorescent intensity after ICG injection was 50.2 s

and that the estimated optimal ICG dose in dogs was

18.75 lg/kg [18]. This optimal ICG dose is equivalent to

1 mg of ICG for human patients who weigh 60 kg. How-

ever, in our initial tests, we found that, when a dose of

1 mg was used in human patients, it took more than 15 min

after the injection to see the fluorescence in the parathyroid

glands. Moreover, the fluorescence intensity was not strong

enough to allow the parathyroid glands to be distinguished

from the thyroid. These observations initially cast doubt on

the usefulness of ICG in thyroidectomy, especially because

a fluorescence onset time of 15 min could delay the oper-

ation. However, we speculated that the weak intensity of

ICG and the delay in fluorescence were probably due to the

fact that humans have a more complex vessel anatomy and

different cardiac function and blood circulation times

compared to dogs. Therefore, prior to our case–control

study, we performed a pilot study to determine the optimal

ICG dose in humans for detecting parathyroid glands.

Thus, 14 patients were placed in seven groups of two that

received ICG doses ranging from 1 to 20 mg. The 10-mg

dose was found to be optimal for patients whose weight

was around 60 kg (0.17 mg/kg): At this dose, ICG fluo-

rescence of the parathyroid glands was observed on aver-

age 203 s after injection. This was on average 4 s earlier

than when the thyroid glands started fluorescing. This was

long enough to allow the parathyroid gland to be distin-

guished from the thyroid.

In the present study, ICG was mainly used to identify the

lower parathyroid gland. The anatomical location of the lower

parathyroid glands varies because they move downward with

the thymus during embryogenesis. This anatomical variabil-

ity often makes it difficult to identify the inferior parathyroid

glands, which in turn renders these glands particularly vul-

nerable to injury during thyroid surgery. Thus, the Firefly

technique is particularly suitable for identifying the lower

parathyroid glands.While it can also be used to find the upper

parathyroid glands, it may not be necessary because the upper

parathyroid glands are commonly fixed in the upper part of

Berry’s ligament. Another advantage of the Firefly technique

is that the short clearance time of ICGmeans that the injection

can be rapidly repeated for identifying the parathyroid glands

in the contralateral side. In the present study, the mean

duration of parathyroid fluorescence was around 20 min,

which is shorter than the mean operation time needed for

lobectomy (around 27 min). Thus, after the first lobectomy

has been completed, 10 mg of ICG can be reinjected, after

which the contralateral lobectomy can be performed. Thus,

the use of the Firefly technique does not extend the operative

time of the second lobectomy. Notably, we found that, even

when patients received a total of 20 mgof ICGduring surgery

(i.e., in the patientswho underwent total thyroidectomy), dye-

related adverse effects were not observed, similar to the

patients who underwent a single lobectomy.

This study showed that, when the Firefly technology was

combined with BABARoT, it improved the identification of

the parathyroid glands: There were significantly fewer cases

of incidental parathyroidectomy in the ICG group than in the

control group (0 vs. 15.9%, P = 0.048). Notably, the Firefly

technique also helps the surgeon to observe the vascular

structure of the parathyroid glands after thyroid surgery since

ICG fluorescence only appears and disappears in the orderly

expected fashion when the vascular structures are well pre-

served. If the blood flow in the parathyroid gland has been

disrupted by injury, the ICG fluorescence in the gland can be

prolonged. Bleeding during surgery can also lead to spillage

of ICG into the operative field. Thus, dissection should be

performed carefully and gently using energy devices such as

the harmonic scalpel, as this will reduce bleeding around the

operative field. BABA RoT is particularly suitable for

reducing bleeding because it involves precise and fine

movement. It should be noted that the risk of bleeding is high

when there is inflammation. Preoperative ultrasonography

and blood tests such as those detecting microsomal anti-

bodies can be used to predict whether inflammation is absent

Fig. 3 Photograph of the right inferior parathyroid gland (A) and its

fluorescence after intravenous indocyanine green (ICG) administra-

tion (B). A The photograph shows the right inferior parathyroid gland

(white circle) and the carotid sheath (white arrow). B After ICG

administration, the right inferior parathyroid gland (white circle) and

the middle thyroidal vein (white arrow) were visualized by focal and

intense fluorescence 3 min after the injection. The surrounding tissues

exhibited significantly less fluorescence
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or present. We have confirmed that the rate of RLN palsy of

control group was slightly higher than the study group (9.1

vs. 0%, P = 0.145). It may be concerned that the control

group may have some other confounding factors such as

surgeon skills. However, the studywas conducted by a single

surgeonwhowas expert, and all studies have been conducted

after the learning curve. Further large sized study may be

needed for confirm the rate of RLN palsy.

The first limitation of the study is that the patients had a

small mean size of cancer (0.95 cm). This many not be

generalizable to those with large multinodular goiter or

those with larger tumors or gross lymph node metastasis. In

addition, the small sample size of this study and the fact

that the control patients were selected retrospectively were

limitations of this study. However, the control group

patients were selected by propensity score matching anal-

ysis, which may reduce selection bias. Further prospective

randomized controlled trials are needed to confirm the

study observations. Nevertheless, to the best of our

knowledge, this is the first clinical study to assess the

usefulness of ICG fluorescence imaging under NIR light

for identifying and preserving the parathyroid glands in

humans undergoing BABA RoT. The study results may be

helpful when establishing protocols for the identification

and preservation of the parathyroid glands in BABA RoT.

In conclusion, the integration of the Firefly technique,

namely intraoperative NIR imaging of ICG, into the da

Vinci Si robot system allowed the successful and safe

identification and preservation of the inferior parathyroid

glands. While many studies have assessed the ability of

various methods to reduce the rate of parathyroid injury-

related complications in thyroid surgery, standard tech-

niques have still not been established in this field. The

present study suggests that ICG fluorescence imaging

under NIR light may effectively and safely help to preserve

parathyroid glands in BABA RoT.
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