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Prevention of
hypoparathyroidism: A step-by-
step near-infrared
autofluorescence parathyroid
identification method

Junwei Huang, Yurong He, Yuan Wang, Xiao Chen, Yang Zhang,
Xiaohong Chen, Zhigang Huang, Jugao Fang and Qi Zhong*

Key Laboratory of Otolaryngology Head and Neck Surgery (Capital Medical University), Department of
Otorhinolaryngology Head and Neck Surgery, Beijing Tongren Hospital, Capital Medical University,
Ministry of Education, Beijing, China
Background: Hypoparathyroidism is an important factor that seriously affects the

quality of life of patients after thyroidectomy. This study aimed to optimize the

surgical procedure for parathyroid identification using near-infrared

autofluorescence (NIRAF) during thyroidectomy.

Methods: This was a prospective controlled study that included 100 patients with

primary papillary thyroid carcinoma diagnosed in Beijing Tongren Hospital

between June 2021 and April 2022 who were awaiting total thyroidectomy and

bilateral neck dissection. The patients were randomly divided into an experimental

group in whom step-by-step NIRAF imaging was used to identify parathyroid

glands, and a control group in whom NIRAF was not used.

Results: The number of parathyroid glands identified in the NIRAF group was

higher than that in the control group (195 vs. 161, p=0.000, Z=-5.186). The

proportion of patients with parathyroid glands inadvertently removed in the

NIRAF group was lower than that in the control group (2.0% vs. 18.0%,

respectively; p=0.008, c2 = 7.111). In the NIRAF group, we found that more than

95% of the superior parathyroid glands and more than 85% of the inferior

parathyroid glands were identified before the dangerous phase, which was much

higher than that in the control group. The incidences of temporary

hypoparathyroidism, hypocalcemia, and symptomatic hypocalcemia were higher

in the control group than those in the NIRAF group. On the first postoperative day,

the average parathyroid hormone (PTH) level in the NIRAF group decreased to

38.1% of the preoperative level and that in the control group decreased to 20.0% of

the preoperative level (p=0.000, Z=-3.547). On the third postoperative day, the

PTH level in 74% of the patients in the NIRAF group recovered to normal levels,

whereas it recovered in only 38% of the patients in the control group (p=0.000,

c2 = 13.149). The PTH levels in all patients in the NIRAF group had recovered within

30 days after surgery, whereas one patient in the control group failed to return to

the normal level 6 months after surgery and was diagnosed with permanent

parathyroidism.
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Conclusions: The step-by-step NIRAF parathyroid identification method can

effectively locate the parathyroid gland and protect its function.
KEYWORDS

thyroid cancer, thyroidectomy, hypoparathyroidism, near-infrared autofluorescence,
parathyroid location
1 Introduction

Over the past 50 years, the incidence of thyroid cancer has been

rising globally, especially in countries with middle- and high-income

populations and it will soon become the fourth most common cancer

worldwide (1). In China, thyroid cancer has become one of the fastest-

growing malignant conditions, and its age-standardized incidence

increased to 9.61/100,000 in 2015 (2, 3). However, since more than

90% of thyroid cancers are of the differentiated type, the vast majority

(>85%) of patients survive for a long time through surgery,

postoperative thyroid stimulating hormone (TSH) suppression

therapy, and radioactive iodine therapy (4). Hence, more attention

has been paid to postoperative complications because of their impact

on quality of life. It has been reported that the incidence of vocal cord

paralysis caused by recurrent laryngeal nerve injury after

thyroidectomy is 0.2% to 3.9%, and the incidence of permanent

hypoparathyroidism is 0.1% to 8.8% (5). After total thyroidectomy,

the incidence of permanent hypoparathyroidism can be as high as

12% (6). Intraoperative neuromonitoring is now the standard surgical

procedure for protecting the laryngeal nerve from recurrent injuries

and can significantly reduce these (7). Nevertheless, there is no ideal

solution for protection of the parathyroid gland, and permanent

hypoparathyroidism is an important condition that seriously affects

the postoperative quality of life of patients (8).

In recent years, near-infrared autofluorescence (NIRAF) imaging

has become a real-time intraoperative identification technique for the

parathyroid glands. This technology was approved by the US Food

and Drug Administration in 2018 (9). Its sensitivity, specificity,

positive predictive value, and negative predictive value were

reported to be 98.5%, 97.2%, 95.1%, and 99.1%, respectively (10).

Clinical research reports and meta-analyses have confirmed its value

in thyroid surgery and can increase the recognition rate of

parathyroid glands and reduce the incidence of postoperative

hypoparathyroidism and hypocalcemia (11, 12).

It is impossible to perform NIRAF imaging continuously during

surgery because the operating lamp must be removed during

exploration. We found that parathyroid glands in different positions

could often be identified first at a certain stage of surgery, which was

better thanvisual recognition inmost cases. Simultaneously, good imaging

depends on the camera angle. Owing to the weak penetrability of

fluorescence, its usefulness is also affected when the parathyroid glands

are covered by other tissues (more than 5 mm) (13).

From our research data, we developed a more effective detection

process to increase the recognition rate for parathyroid glands, minimize

the frequency of imaging, and improve the efficiency of

intraoperative detection.
02
2 Materials and methods

2.1 Patients

This was a prospective controlled study (registration no.

ChiCTR2100046912), and was approved by the Ethics Committee of

Beijing Tongren Hospital, Capital Medical University. Patients with

primary papillary thyroid carcinoma diagnosed at Beijing Tongren

Hospital between June 2021 and April 2022 who were awaiting surgery

were included. The study followed the Helsinki Declaration, revised in

2013, and all the patients provided signed informed consent.

The inclusion criteria were: primary papillary thyroid carcinoma

diagnosed by pathology. All patients had T1-3N0-1 lesions, and

imaging did not indicate distant metastasis. All patients underwent

total thyroidectomy and bilateral central lymph node dissection +/-

lateral neck lymph node dissection by the same treatment team. The

surgical indications in this study include multiple cancer foci, bilateral

cervical lymph node metastases, lateral cervical metastasis, isthmus

carcinoma, T2 or T3 lesions.

The exclusion criteria were: patients under 18 years of age.

Patients with other pathological types of thyroid cancer or other

head and neck tumors. T4 lesion. Massive thyroid tumors which may

directly invade the parathyroid gland. Preoperative imaging

suggesting that the tumor exceeded the capsule and involved the

surrounding structures (patients in whom the extracapsular focal

invasion identified during surgery would not affect the planned

surgical procedure were still included in the study). Patients with a

history of thyroid surgery or radiofrequency ablation. Patients with

parathyroid disease or abnormal blood calcium levels before surgery.

Patients choosing non-open surgery or other intraoperative imaging

methods for parathyroid glands.

All patients were divided into two groups based on random number

generationbefore surgery. In the experimental group,NIRAF imagingwas

used to assist in identification of the location of the parathyroid glands at

different stages of surgery. In the control group, the parathyroid glands

were observed and located with the naked eye.
2.2 Procedure

Referring to the “Perrier” nomenclature (14), parathyroid glands

can be roughly divided into several types based on the location and

steps in the surgical procedure (Figure 1). Because the position of the

superior parathyroid gland is relatively fixed and the deviation is

small, it is no longer subdivided.
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The operation can be performed from cephalic to caudal or from

caudal to cephalic, in accordance with the surgeon’s preference.

Because the autofluorescence signal of parathyroid glands is best

when imaging in vertical direction, the imaging head of the camera

must be rotated slightly during localization. To reduce the imaging

frequency, the procedure can be divided into several phases (P1-P6).

The following is an example from the right side.

P1: Lateral thyroid dissection. The middle vein can be cut close to the

thyroid gland to dissect the fascial tissue on the lateral side of the thyroid.

Then the NIRAF camera wasmoved from the lateral to themedial side to

capture the fluorescence signal from the parathyroid glands (Figures 2A,

D). We mainly looked for type A superior parathyroid glands

(Figures 2B, C), and surface type C1 (Figures 2E, F) or dorsal type C2

inferior parathyroid glands. Occasionally, fluorescence of the

thyrothymic ligament type C3 gland could be seen through the

thyrothymic ligament, yet the outline of the gland was often not clear.

This could only be confirmed when the thyrothymic ligament was thin.

During this phase, the blood supply to the parathyroid gland was intact.

P2: Dissection of the thyrothymic ligament. After separating the

junction of the thyrothymic ligament and thyroid gland, the thyroid

gland was pulled upward and inward. The dorsal surfaces of the

thyroid and thyrothymic ligament were detected (Figure 3A). A type

C2 gland (there was usually blood supply from the direction of the

thyroid, inferior thyroid artery, or thymus) or type C3 gland

(Figures 3B, C) (most of the blood supply was from the thymus,

and some may have been combined with the inferior artery blood

supply. Generally, there was no blood supply from the direction of the

thyroid parenchyma.) would present substantial autofluorescence and

be located. Occasionally, an intrathymic type C5 gland was located

(Figures 3D, E). Blood supply to the inferior parathyroid gland at this

stage was generally good.

P3: Ligation of tertiary vessels on the thyroid surface. 1) The

anterior branch of the superior thyroid artery was disconnected and

the superior pole of the thyroid was lifted. The superior parathyroid

gland was searched from the direction of the superior blood vessel to

the point where the recurrent laryngeal nerve entered the larynx

(Figures 4A–C). At this time, the blood supply to the superior
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parathyroid gland from the thyroid was disconnected, and the

blood supply from the posterior branch of the superior artery or

from the inferior artery may still be preserved. Attention should be

paid to protecting the vascular network and adipose capsule around

the parathyroid gland. 2) Parts of the inferior vessels were severed

close to the thyroid on the medial side of the possible inferior

parathyroid gland. The inferior pole of the thyroid gland was

further pulled upward to expose the deep structure. The dorsal side

of the thyroid was detected from the lateral side to the medial side

(Figure 4D). A deeper type C2 or tracheoesophageal groove-type C4

gland was detected (Figures 4E, F). At this time, the blood supply to

the inferior parathyroid gland from the thyroid was disconnected and

the blood supply from the inferior artery was intact. Therefore, the

vascular network around the parathyroid glands should be protected.

Generally, the blood supply in the direction of the thymus is sufficient

for a type C3 gland. If the blood supply from the inferior artery can be

preserved, the blood circulation can be improved.

P4: Thyroid gland removal. The surrounding tissue was then

stretched, and the tracheoesophageal groove was exposed. The camera

should be positioned directly above and with a search for parathyroid

glands that were hidden deep in the tracheoesophageal groove or

covered by other tissues (Figure 5A). The blood supply to the

newfound superior parathyroid A or tracheoesophageal groove type

C4 (Figures 5B, C) may have been damaged.

P5: Central neck dissection. The recurrent laryngeal nerve was

dissected, and the tissues at level VI and thymus were exposed. The

thymic tongue was pulled upwards with imaging from the cephalic to

caudal side toward the proximal end of the recurrent laryngeal nerve

(Figure 5D). An intrathymic type C5 (Figures 5E, F) or tracheoesophageal

groove type C4 may be detected covered by connective tissue in level VI.

Here, the blood supply to C5 in the thymus was adequate, yet the blood

supply to newfound C4 in level VI may have been damaged.

P6: Examination of isolated specimens. After the specimen was

obtained, it was sent to the pathology department for frozen section or

paraffin section examination.Before that, all tissues that hadbeen removed

were placed on gauze to carefully checkwhether therewas anyparathyroid

gland that had been inadvertently removed (Figure 6).
FIGURE 1

Classification and schematic diagram of the parathyroid glands according to the surgical exploration process.
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FIGURE 2

(A) Schematic diagram of the imaging angle for the right superior parathyroid gland. (B) Location of a type A gland in normal white light (yellow circle).
(C) NIRAF showing a cordlike type A gland (white arrow). (D) Schematic diagram of the imaging angle for the right inferior parathyroid gland. (E) Location
of the type C1 gland under normal white light (yellow circle). (F) NIRAF shows a type C1 gland (white arrow).
FIGURE 3

(A) The dorsal side of the thyroid gland and thyrothymic ligament were detected to locate the right inferior parathyroid gland. (B) Type C3 gland on the
dorsal side of the thyrothymic ligament under normal white light (yellow circle). (C) The NIRAF shows a type C3 gland (white arrow). (D) Intrathymic type
C5 gland with high position under normal white light (yellow circle). (E) The NIRAF shows a type C5 gland (white arrow).
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FIGURE 4

(A) The anterior branch of the superior thyroid artery was disconnected and the right superior parathyroid gland was detected. (B) The superior
parathyroid gland on the dorsal side of the thyroid was difficult to see under normal white light (yellow circle). (C) The NIRAF shows a type A gland (white
arrow). (D) Part of the inferior vessels was disconnected and the right inferior parathyroid gland was imaged. (E) The type A gland (blue circle) and type
C4 gland (yellow circle) are shown under normal white light. (F) The NIRAF shows a type A gland (white double arrow) and a type C4 gland (white arrow).
FIGURE 5

(A) Exploration of the deep surgical field of the thyroid bed after thyroidectomy. (B) Under normal white light, there were two nodules between the
superior parathyroid gland (blue circle) and the inferior artery in the tracheoesophageal groove. The nodule in the yellow circle was later confirmed by
NIRAF to be the inferior parathyroid gland, and its blood supply originated from the inferior artery. (C) The NIRAF shows that the lymph node did not
develop, and the type C4 gland (white arrow) was below the superior parathyroid gland (white double arrow). (D) The tissue at level VI was detected after
dissociating the recurrent laryngeal nerve. (E) The type C5 gland (yellow circle) is shown under normal white light. (F) The NIRAF shows a type C5 gland
(white arrow).
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The parathyroid gland identified in the paraffin pathology was

recorded as P7. PX was recorded if no parathyroid gland was located

during surgery or found in a postoperative specimen.

The NIRAF and control groups both underwent the same surgical

procedure. The main difference was that, in the NIRAF group, the

position of the parathyroid glands was preferentially identified, and

then the surrounding blood vessels and connective tissue were

retrogradely dissected towards the superior thyroid artery or

inferior artery. In the control group, the parathyroid glands were

identified by the naked eye during dissection from the surrounding

tissue with increased risk of damaging their blood supply vessels.
2.3 Parathyroid development and judgement

In the NIRAF group, a handheld portable camera (Jinan

Microsmart Intelligence Technology Co., Ltd. China) was used. The

wavelength of the output light from the near-infrared transmitter was

785 nm. The optical power was 1 mW/cm (2), and the focal length of

the collector lens was 8 mm. The imaging head of the camera was

positioned approximately 10-15 cm above the surgical. The 820 nm

excitation light in the surgical field was collected and imaged in black-

and-white mode. The parathyroid gland may show a white oval signal

that is significantly higher than that of the thyroid or the surrounding

tissue in the thyroid bed. The stage and location of parathyroid

exploration in each patient were recorded.

The parathyroid glands identified during surgery were jointly

judged by two senior surgeons (with more than 5 years of thyroid

surgical experience). If both surgeons believed that the indicated

tissue was parathyroid, they would not submit it for pathological

examination and it would be recorded as correct. If any doctor

suspected that the indicated tissue was not parathyroid or other
Frontiers in Endocrinology 06
tissues might be parathyroid, small pieces were cut from all suspicious

tissues and sent to pathology for diagnosis and exclusion of metastatic

lymph nodes or fat. The parathyroid glands identified in the excised

specimens or with a completely severed blood supply were

autografted. All excised tissues underwent postoperative

pathological examination to confirm whether there were

inadvertently excised parathyroid glands.
2.4 Serological examination

All patients were examined for serum calcium level (normal

reference range 2.20-2.65 mmol/L) and parathyroid hormone

(PTH) level (normal reference range 12-88 pg/mL) before surgery.

These indexes were re-checked on the first postoperative day. The

occurrence of symptomatic hypocalcemia (fingertip or lip numbness,

positive Chvostek sign, or tetany) was also recorded. If the symptoms

were obvious or the PTH level was below the lower limit of normal,

the minimum dose of oral and intravenous calcium supplementation

was used in patients until they had no symptoms of hypocalcemia. If

any patient had temporary hypoparathyroidism, their PTH levels

were re-checked on the 3rd and 7th postoperative days and during

monthly outpatient follow-up until they returned to the

normal range.
2.5 Statistical analysis

SPSS statistical software (version 18.0; IBM Corp., Armonk, NY,

USA) was used for data analysis. The chi-squared test was used to

analyze the difference in count data between groups. An independent

t-test was used to compare the measurement data if they had a normal
FIGURE 6

(A) After en bloc resection, the neck dissection specimen was examined in different regions. (B) The NIRAF revealed that no parathyroid gland had been
accidentally resected. (C) Examination of excised thyroid specimens. (D) The isolated left superior parathyroid gland (white arrow) was found on
examination of the thyroid specimen. (These two images were from a case not included in this controlled study.).
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distribution. The non-parametric Mann–Whitney U-test was used

when the measurement data did not conform to a normal distribution

using the Shapiro Wilk test. The calibration level was set at a=0.05.
3 Results

In total, 50 patients were included in each group (Table 1). In the

NIRAF group, there were 195 parathyroid glands with an average of

3.9 parathyroid glands per case, whereas 161 parathyroid glands were

identified in the control group, with an average of 3.2 parathyroid

glands per case (p<0.001, Z=-5.186). Three patients in the NIRAF

group underwent transplantation with one parathyroid gland because

of a lack of blood supply, whereas 17 patients in the control group

underwent transplantation with one or two parathyroid glands

(p<0.001, c2 = 12.250). In postoperative paraffin pathological

examination, one case in the NIRAF group was found to have an

inadvertently removed parathyroid gland, whereas nine cases in the

control group were found to have inadvertently removed parathyroid

glands (one patient had two parathyroid glands resected) (p=0.008,

c2 = 7.111) (Table 2).

In the NIRAF group, 41.2% (right) and 32.0% (left) of the

superior parathyroid glands were present in a safe phase (P1+P2),

whereas in the control group, only 6.0% (right) and 10.0% (left) of the

glands were in this phase (p<0.001, c2 = 17.245 and p=0.007,

c2 = 7.294, respectively). During exploration for inferior

parathyroid glands, 72.0% (right) and 58.0% (left) of the glands in

the NIRAF group were in a safe phase, whereas only 28.0% (right) and

20.0% (left) of the glands in the control group were in this phase

(p<0.001, c2 = 19.360 and p=0.002, c2 = 9.567, respectively). In the

NIRAF group, 90.0% (right) and 86.0% (left) of the inferior

parathyroid glands were detected before the dangerous phase (P5),

indicating that most parathyroid glands could be retained in situ and

had a good blood supply. In the control group, the proportion

decreased significantly to 58.0% (right) and 46.0% (left) (p<0.001,

c2 = 13.306 and p<0.001, c2 = 17.825, respectively) (Figure 7).

There was no significant difference in the mean PTH and serum

calcium levels between the two groups before surgery (p=0.952,

t=0.061 and p=0.676, t=-0.419, respectively). On the first

postoperative day, the mean value of PTH in the NIRAF group was
Frontiers in Endocrinology 07
21.70 pg/mL, whereas that in the control group was 11.44 pg/mL

(p<0.001, Z=-3.489). The average PTH level in the NIRAF group

decreased to 38.1% of the preoperative level and that in the control

group decreased to 20.0% of the preoperative level (p<0.001, Z=-

3.547). On the first postoperative day, the mean value of blood

calcium in the NIRAF group was 2.22 mmol/L, whereas that in the

control group was 2.15 mmol/L (p=0.017, Z=-2.397). The incidences

of temporary hypoparathyroidism (p=0.005, c2 = 7.853),

hypocalcemia (p=0.016, c2 = 5.769), and symptomatic hypocalcemia

(p<0.001, c2 = 12.190) were higher in the control group than in the

NIRAF group (Table 3).

On the third postoperative day, the PTH level in 74%of patients in the

NIRAFgrouphadrecovered tonormal levels,whereasonly38%ofpatients

in the control group had recovered (p<0.001, c2 = 13.149). The PTH levels

in all patients in the NIRAF group had recovered within 30 days after

surgery, whereas those in the control group recovered more slowly. One

patient in the control group failed to return to the normal level 6 months

after surgery and required oral calcium supplementation to reduce the

symptoms of fingertip numbness. That patient was diagnosed with

permanent parathyroidism (Figure 8).
4 Discussion

Because the size, shape, color, andpositionof theparathyroidglandare

variable, they are difficult to identify during surgery. In most cases, their

identification relies on the surgeon’s experience. Various techniques have

been used in the clinic to ascertain the development and localization of a

parathyroid gland, including preoperative ultrasonic localization (15),

radionuclide technetium 99m methoxyisobutyl isonitrile labeling,

intraoperative Methylene Blue intravenous infusion or local staining (16,

17), 5-aminolevulinic acid fluorescence development (18),nanocarbon

negative imaging (19), immunocolloidal gold technology (20), and other

detection techniques. The most frequently used intraoperative

identification techniques need to input exogenous substances into the

human body or are contact-invasive operations, which are time-limited

and vulnerable to the influence of local blood supply and scarring, thus it is

difficult to meet the requirements of real-time and repeatable imaging.

After Paras et al. (21) reported that fluorescent signals could be

detected from parathyroid glands using near-infrared light, this non-
TABLE 1 Demographics for the 100 patients with papillary thyroid carcinoma in this study.

NIRAF group control

sex(n) male 13 13

female 37 37

average age (yrs old) 47.88 43.03

stage(n) T1 41 40

T2 8 9

T3 1 1

N0 17 15

N1 33 35
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invasive method has been continuously improved. The principle is to use

an approximately 15 kDa fluorophore with an unknown structure in

parathyroid cells to generate 820 nm autofluorescence (22) under 785 nm

wavelength light. This technique does not require the injection of other

positive/negative developers; it reduces the possibility of allergic reactions

and the interferenceof local drugs on theoperationfield, and isnot affected

by awound scar or blocked lymphatic drainage. Secondly,NIRAF imaging

can be performed at any time and repeatedly; therefore, there is little

interference with the surgical procedure. Finally, NIRAF identifies specific

fluorescent substances inboth in situand in vitroparathyroid glands. It can

assist doctors in saving inadvertently resected parathyroid glands before

the specimens are sent for pathological examination.

Randomized controlled trials explored the role of NIRAF in total

thyroidectomy and demonstrated that it can effectively improve the

detection rate and reduce the incidence of hypocalcemia (23, 24).

However, not all cases included in those studies required bilateral lymph

node dissection; thus, it is only necessary to ensure that the parathyroid

glands around the thyroid gland arenot accidentally cut off during surgery.

Clinically, patients who underwent total thyroidectomy and bilateral

central neck dissection have a greater risk of postoperative

hypoparathyroidism. To ensure that parathyroid glands are not resected,
Frontiers in Endocrinology 08
while lymph nodes are completely removed, doctors are required to

identify each parathyroid gland accurately and ensure that its function is

intact after surgery. Our step-by-step method provides a strategy for

locating and protecting all non-ectopic parathyroid glands.

Strategies for in situ retentionof parathyroid glandshaveprotected the

glandstructureandentered thenext stage: theprotectionofgland function.

Compared with the thyrothymic ligament type C3 andD3 glands and the

intrathymic typeC5andD5glands, in thefirst instance,doctorsmayprefer

to encounter compact parathyroid glands (types C1, D1, C2, and D2) as

they are easier to identify when dissociating the thyroid gland. With the

popularization of meticulous capsule dissection techniques, most doctors

can identify and retain more than two intact parathyroid glands during

surgery, and the incidenceof postoperative permanentparathyroidismhas

decreased significantly. At this point, reduction in temporary

parathyroidism has become the goal of more refined surgery. In

addition to structural preservation, the protection of parathyroid

function (blood supply) is also very important. The blood supply to

compact parathyroid gland is closely associated with that of the thyroid

gland and is easily damaged. In some cases, the bilateral superior and

inferior parathyroid glands are retained in situ; however, serious

parathyroidism may still occur after surgery.
TABLE 2 Statistics for the parathyroid gland parameters in the two groups.

NIRAF group control

Parathyroid detected during surgery(n)

Total 195 161

Superior parathyroid 100(51.3%) 85(52.8%)

type A 51 41

type B 49 44

in paraffin section 0 4

Inferior parathyroid 95(48.7%) 76(47.2%)

type C1 3 1

type C2 18 16

type C3 15 13

type C4 8 9

type C5 4 2

type D1 4 1

type D2 16 9

type D3 12 14

type D4 11 8

type D5 4 3

in paraffin section 1 6

Inadvertently removed/Total(%) 0.5%(1/196) 5.8%(10/171)

Proportion of patients with parathyroid inadvertently removed(%) 2.0%(1/50) 18.0%(9/50)

Parathyroid transplanted during surgery (n)

Total 3 20

Superior parathyroid 1 5

Inferior parathyroid 2 15

Transplanted/Total(%) 1.5%(3/196) 11.7%(20/171)

Proportion of patients with parathyroid transplantation(%) 6.0%(3/50) 34.0%(17/50)
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FIGURE 8

Time for PTH recovery to the normal reference range in the two groups after surgery.
FIGURE 7

Different stages of parathyroid gland discovery in the NIRAF group and control group. Blue and green bars were basically safe phases, and the blood
supply vessels in the parathyroid glands remained intact. Yellow and brownish yellow bars were the last stages of gland disconnection, and the blood
supply vessels might be at risk. The red bars indicate that the blood supply to the parathyroid gland was at a critical stage during lymph node dissection.
Black and gray bars indicate that the parathyroid gland had been isolated or identified in paraffin pathology. The brown bars indicate that the parathyroid
gland was not located.
TABLE 3 Levels of parathyroid hormone and blood calcium before and after surgery.

NIRAF group control

mean level of PTH

Preoperative (pg/ml) 56.91 56.70

First postoperative day (pg/ml) 21.70 11.44

Postoperative/Preoperative(%) 38.1% 20.0%

Incidence of temporary parathyroidism (%) 34.0%(17/50) 62.0%(31/50)

mean level of serum calcium
Preoperative (mmol/L) 2.39 2.40

First postoperative day (mmol/L) 2.22 2.15

Incidence of hypocalcemia (%) 36.0%(18/50) 60.0%(30/50)

Incidence of symptomatic hypocalcemia(%) 14.0%(7/50) 46.0%(23/50)
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In addition to structural protection, protection of parathyroid

function was the main consideration, and doctors used techniques

such as intraoperative indocyanine-green (ICG) to evaluate the

blood supply to the parathyroid glands and guide autologous

transplantation (25). However, the most effective way to avoid

postoperative parathyroidism is to identify and protect the vascular

network around the parathyroid glands during surgery (26). Because

the position of the parathyroid gland (especially the inferior

parathyroid gland) is not fixed, even experienced doctors often face

the problem that, after accurately identifying the parathyroid gland,

they find that its blood supply has been damaged during the earlier

dissection and can only choose autologous transplantation. Although

some classifications of parathyroid glands have been reported (14,

27), guidance for clinical operations is limited. Our classification and

surgical procedure can first locate the parathyroid gland before

dissection and then retrograde dissect its blood supply vessels to

the trunk to better protect the blood supply to the parathyroid gland.

It can show the possible location of the parathyroid gland in a certain

area on the premise of less disturbance of the local vascular network

and then the next possible area can be entered with an undamaged

vascular network.

In the NIRAF group, we found that more than 95% of the superior

parathyroid glands and more than 85% of the inferior parathyroid

glands were identified before the dangerous phase, which was much

higher than that in the control group. No serious long-term

parathyroidism was observed in the NIRAF group. The incidence of

postoperative temporary parathyroidism and hypocalcemia in the

NIRAF group was also lower than that in the control group, and

postoperative PTH recovery in the NIRAF group was faster than that in

the control group. In the control group, we found that, although the

compact parathyroid glands were easy to identify, the blood supply

might originate from the branches on the surface of the thyroid gland

and these were susceptible to inadvertent disconnection when the

capsule was dissected. In the NIRAF group, the parathyroid gland

was located first, and its blood vessels could be dissected along the

proximal direction, which could greatly improve the protection of the

blood supply. For other non-compact parathyroid glands, although

their blood supply was distant from the thyroid gland and easy to

retain, it was difficult to locate and expose them with only the naked

eye. They were sometimes found during specimen examination, or even

during postoperative paraffin pathology. In the NIRAF group, we found

that the location of most non-compact parathyroid glands could be

identified before thyroidectomy or neck dissection was completed.

Therefore, this method has obvious advantages in terms of protecting

the structure and function of these glands.

This study also has some limitations. The number of cases is small

and it is a study from a single center and the same team. Secondly, the

cases included in the study were all early tumors. For the cases with

locally advanced tumors invading the capsule extensively, the

parathyroid gland may be involved and difficult to image. In fact, it

is more difficult to protect the parathyroid gland in the circumstances.

Some of them can refer to our above procedures, while the tumor

involved parts may require individualized treatment. Finally, we did

not perform ICG imaging. Therefore, it is difficult to directly evaluate

the blood supply of parathyroid glands, which can only be indirectly

reflected by the postoperative PTH level. In the future, we will further

expand the sample size and supplement relevant experiments.
Frontiers in Endocrinology 10
5 Conclusion

The step-by-step near-infrared autofluorescence parathyroid

identification method can be used to effectively locate parathyroid

glands and protect their function. This method may improve the in situ

preservation rate of parathyroid glands and further reduce the occurrence

of temporary parathyroidism after surgery. To reduce inadvertent

interference of the parathyroid glands during surgery and improve their

detection rate, we summarize the steps as follows: P1, lateral dissection of

the thyroid; P2, dissection of the thyrothymic ligament; P3, ligation of

tertiary vessels on the thyroid surface; P4, removal of the thyroid gland; P5,

central neck dissection; and P6, examination of collected specimens.
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