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Abstract
Background
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Recently, several devices exploiting the near-infrared autofluorescence (NIR-AF) of parathyroid glands (PGs) have been developed.
Nevertheless, their impact on both preserving PGs from inadvertent surgical dissection and on post-surgical hypoparathyroidism
(hypoPTH) is controversial.

Methods

A retrospective study of 845 patients undergoing thyroid surgery in 2 academic tertiary centres was conducted. In 291 patients, a NIR-
AF device was used during surgery to identify PGs. The characteristics of the cohort were examined. The number of PGs identified
during surgery, missed PGs, auto-transplants, inadvertent parathyroidectomies, as well as the occurrence of transient and permanent
hypoPTH, were analysed.

Results

The use of NIR-AF device resulted in a higher identification of PGs (92% versus 88%, p =0.0008), and a significant reduction in the
number of PGs inadvertently removed and detected on histopathological examination (4.7% versus 6.5%, p = 0.045). An increase in PG
auto-transplantations was observed in the NIR-AF + group (10.4% versus 3.5%, p <0.0001). The use of NIRAF did not significantly
impact the occurrence of either transient or permanent hypoPTH.

Conclusion

Intraoperative NIR-AF detection is a promising technology to reduce incidental parathyroidectomies in thyroid surgery. -The
impact of this technology on the occurrence of post-surgical hypoPTH needs to be furtherly investigated.
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Introduction

Accidental excision of one or more parathyroid glands (PGs) is a common but potentially preventable complication of thyroid surgery

associated with increased perioperative hypoparathyroidism [ 1,2, 3 ]. It is also associated with medical malpractice lawsuits [ 4 ].

Possible causes of inadvertent PGs excision include the variable location of the gland, its small size, its colour resembling other structures

(e.g. lymph nodes), and its relationship with the thyroid (e.g. extra-glandular, intracapsular or intraglandular) [ 5,6 ].

Careful dissection, routine identification of PGs, and the inspection of the specimen at the end of the procedure, have proven effective in
preventing inadvertent parathyroidectomy, thus being recommended in most guidelines [ 7 ]. Nevertheless, inadvertent parathyroidectomy

remains a common occurrence, being highlighted in the histopathologic report of 7.1-28.9% of patients undergone thyroidectomy [ &, 9, 10

1.

In recent years, researchers at Vanderbilt University discovered the spontaneous ability of PGs to emit a fluorescent signal in the infrared
spectrum (820—-830 nm) when exposed to near-infrared (NIR) light [ 11 ]. Based on this new discovery, several devices that use near-

infrared autofluorescence (NIR-AF) to localise PGs during surgical dissection have been developed. The diffusion of these devices has
become widespread, as they allow surgeons to visualise PGs intraoperatively at an early stage, thereby increasing the number of preserved
glands, decreasing the rate of accidental gland excision, and increasing calcium and parathyroid hormone (PTH) levels after surgery [

12,13, 14 ]. These systems provide real-time images of the surgical field, highlighting the presence of PGs and facilitating their

identification and the preservation of their vascular pedicle [ 15, 16 ].

This manuscript compares the number of PGs inadvertently removed during thyroid surgery and detected by the pathologist on the surgical
specimen in two groups of patients for whom NIR-AF was and was not used, from two tertiary referral centres. The main objective of the
study is to determine whether the use of autofluorescence detectors is associated with a reduction in the number of PGs found in the
histopathological specimen. As a secondary outcome, we investigated the occurrence of transient and secondary hypoparathyroidism
(hypoPTH) in the two groups of subjects.

Materials and methods
Study design

A clinical retrospective cohort study was conducted with patients who underwent thyroid surgery between January 2018 and September
2023.

Setting

Records of patients consecutively treated in two tertiary academic hospitals in Milan, i.e. the Department of Otorhinolaryngology of the
San Raffaele Hospital and the Division of Surgery of the Istituto Auxologico Italiano IRCCS.

Ethics
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Informed consent was obtained from each patient for the treatment and use of anonymised clinical data for study purposes. The authors
obtained approval from each institutional review board (IRB) and the study was conducted in full compliance with the ethical standards of

the Declaration of Helsinki [ 17 ].

Selection criteria

Adult patients undergoing thyroidectomy for benign or malignant thyroid disease were included. Patients undergoing endoscopic or
robotic procedures, parathyroid surgery, as well as subjects with primitive disease of the larynx, pharynx, and oesophagus, and those <

18 years old, were excluded from the study. Patients with iodine allergies were also excluded (Fig. 1).
Fig. 1

Flowchart of the study cohort (created with BioRender.com)
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Surgical technique and biochemical assessment

All surgical procedures were performed using the standard transcervical technique, with the aid of devices to magnify the surgical field
such as binocular loupes and intraoperative neuromonitoring (IONM), according to the surgeon’s practise. Autofluorescence was analysed
in real time using FLUOBEAM® LX (Fluoptics Grenoble). The fluorescence detecting device was adopted during thyroid dissection to
help the surgeon to early identify PGs and at the end of the procedure to inspect “ex vivo” the specimen before sending it for
histopathological examination. If one or more PGs were present, parathyroid transplantation was performed by mincing up the tissue and
implanting it subfascially within the pre-laryngeal or sternocleidomastoid muscles.

The adoption of NIR-AF starts after ligation of the superior thyroid vessels, when the search for the superior PG begins. Following a step-
by-step procedure previously described [ 16 ], NIR-AF is first activated pointing to the area where superior PG is more likely to be
located. Then, after a blunt dissection that allows the gland to be exposed, the device is activated again to confirm that the identified tissue
is a PG, distinguishing it from nearby structures such as adipose tissue or lymph nodes (Fig. 2). The search for the inferior PG starts only
after identification of the RLN. As described above, NIR-AF is adopted at least twice: to localize the position of the inferior PG and for
confirmation purposes. Once the thyroid gland is removed, NIR-AF is used to evaluate the surgical field (Fig. 3 ) and the specimen (Fig.

4). Any PG left on the specimen should be transplanted in a small pocket within the sternocleidomastoid muscle fibers.
Fig. 2

NIR-AF image of the inferior PG during total thyroidectomy
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Fig. 3

In-vivo NIR-AF image of the surgical field showing two preserved PGs

Fig. 4

Ex-vivo NIR-AF image of the removed specimen showing the presence of a PG left in-situ
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The cost of Fluobeam is contingent upon the initial purchase of the machine, which can be utilized in a multitude of surgical procedures,
including thyroid and reconstructive oncological surgeries. This allows for the initial cost to be amortized over time. Once the machine is
purchased, the cost per procedure is dependent upon the use of sterile covers.

Serum calcium (Ca), albumin, and PTH levels were measured by standard techniques. Serum Ca levels were corrected for albumin
according to the formula: adjusted Ca (aCa) =[0.02 % (normal albumin — patient's albumin)] + serum Ca levels.

Outcomes

Patients were divided into groups according to whether real-time autofluorescence was detected with the intraoperative device (NIR-AF +
group) or not (NIR-AF- group). The following parameters were analysed and compared between the two groups: 1) theoretical number of
PGs (4 PGs for each total thyroidectomy, 2 PGs for each hemithyroidectomy); 2) number and percentage of PGs identified during surgery;
3) number of “missed PGs" (value obtained by subtracting the number of identified PGs from the theoretical number of PGs); 4) number
and percentage of transplanted PGs; 5) number and percentage of PGs remaining in the thyroid specimen and confirmed by
histopathological examination; 6) serum aCa and PTH concentrations measured after 24 h and after 6 months from surgery.

The primary endpoint was the comparison of the number of PGs found in the samples of each group. The secondary endpoint was the
comparison of the number and percentage of PGs identified during surgery and the number and percentage of auto-transplantation
performed in each group. Finally, we aimed to compare the occurrence of transient and permanent hypoPTH, that were defined as serum
PTH concentration below the lower reference level (LRL, 13 ng/L) persisting less or more than 6 months after surgery, respectively.

Statistical analysis

Categorical variables were expressed as absolute numbers and percentages. For continuous variables, we assessed normality of
distribution through the Shapiro—Wilk test. As all the evaluated variables were non-parametric, they were expressed as median and inter-
quartile range (IQR). Comparisons between groups were performed using the chi-square test and the Mann—Whitney U-test for categorical
and continuous variables, respectively. A two-sided p-value of less than 0.05 was taken as an indication of statistical significance. The
statistical analyses were performed using IBM SPSS software version 23.0.

Results

A total of 845 patients met the inclusion criteria. Most of our patients were female (655/845, 77.5%), with a mean age of 54 years (IQR 43—
63.5) (Table 1). Approximately 42% of patients underwent surgery for non-toxic uninodular or multinodular goitre, whereas 201 patients
(23.8%) had clinical or subclinical hyperthyroidism before surgery due to either autonomous nodular disease (119/845, 14.1%) or Graves’
disease (82/845, 9.7%). Preoperative median serum PTH and aCa levels were in the normal range. One-fifth of the subjects underwent
surgery due to a Bethesda III/IV (i.e. indeterminate) fine needle aspiration cytology (FNAC) result, and a similar number of patients
(174/845, 20.6%) were at risk for or diagnosed with malignancy (i.e. suspicious/positive FNAC result, basal or stimulated
hypercalcitoninaemia, or diagnosis of cervical lymph node metastasis from thyroid cancer). Most patients (665/845, 78.7%) underwent total
thyroidectomy, whereas approximately one-fifth of patients underwent hemithyroidectomy (180/845, 21.3%). Lymph nodal dissection of
the neck in the central (level VI) and lateral (level 11, III, IV and V, depending on clinical need) compartments was performed in 24.3% and
7.1% of cases, respectively.

Table 1
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Baseline characteristics of the enrolled patients

eProofing

Values (%)

Parameters n = 845
Sex (F) 655 (77.5)
Age (years) 54 (43-63.5)

BMI (kg/m?)

25 (21.8-27.7)

Nontoxic goitre 358 (42.3)
Pretoxic/Toxic goitre 119 (14.1)
Underling disease Graves’ Disease 82 (9.7)
Indeterminate cytology* 170 (20.1)
Malignancy 174 (20.6)

Pre-surgical serum PTH levels (ng/L)

49 (39.7-62.3)

Pre-surgical serum aCa levels (mg/dL) 9.5 (9.3-9.76)
Total thyroidectomy 665 (78.7)
Hemithyroidectomy 180 (21.3)
Surgical intervention
CC dissection 205 (24.3)
LC dissection 60 (7.1)

Lateral Compartment

List of abbreviation: F female, BMI Body mass index, PTH Parathyroid hormone, aCa adjusted Calcium, CC neck Central Compartment, LC neck

*includes Bethesda III and IV cytology

Comparison of the characteristics and results of the NIR-AF + and NIR-AF- groups
The NIR-AF + and NIR-AF- groups comprised 291 (34.4%) and 554 (65.6%) of the patients, respectively. The two groups were
homogeneous in terms of most of the evaluated clinicopathological characteristics (Table 2 ). Lesions with suspected malignancy were
significantly more frequent in the NIR-AF + group (73/291, 25%) than in the NIR-AF- group (101/554, 18.2%) (p = 0.019). Accordingly,

the surgical procedure also differed significantly between the two groups. Although the number of total thyroidectomies and

hemithyroidectomies was similar, both central and lateral compartment lymph nodal dissection were performed more frequently in the

NIR-AF + patients: 86/291 (29.5%) versus 119/554 (21.5%) (p = 0.009), and 29/291 (9.9%) versus 31/554 (5.6%) (p = 0.02), respectively.

Table 2

Comparison of the baseline characteristics of the patients operated on with and without the use of NIR-AF

Parameters NIR-AF + NIR-AF-
(n=291) (n =554)
Sex (F) 223 (76.6) 432 (77.9) 0.66
Age (Years) 53 (43-62.7) 54 (43-64) 0.36
BMI (kg/m?) 23.7 (21.4-27.5) 25.2 (22.1-27.8) 0.31
Nontoxic goitre 115 (39.5) 243 (43.9) 0.22
Pretoxic/Toxic goitre 32 (11) 87 (15.7) 0.062
Underling disease Graves’ Disease 30 (10.3) 52 (9.4) 0.67
Indeterminate cytology™ 59 (20.2) 111 (20) 0.93
Malignancy 73 (25) 101 (18.2) 0.019
Pre-surgical serum PTH levels (pg/mL) 48.5 (39.9-61.7) 49.2 (39.7-62.5) 0.85
Pre-surgical serum aCa levels (mg/dL) 9.48 (9.24-9.7) 9.5(9.3-9.8) 0.26
Total thyroidectomy 220 (75.6) 445 (80.3)
Hemithyroidectomy 71 (24.4) 109 (19.7) o
Surgical intervention
CC neck dissection 86 (29.5) 119 (21.5) 0.009
LC neck dissection 29 (9.9) 31 (5.6) 0.02
List of abbreviation: F female, BMI,Body mass index, PTH Parathyroid hormone, aCa adjusted Calcium, CC Central compartment, LC Lateral
compartment
*includes Bethesda III and IV cytology

The effects of NIR-AF on the surgical outcomes of our patients are shown in Table 3 . In the NIR-AF + and NIR-AF- groups, a total of

1022 and 1998 PGs were at risk of accidental removal during surgery, respectively. A significant higher number of PGs was identified

using autofluorescence (940/1022 (92%) versus 1758/1998 (88%)), thus leading to a significant reduction in missed PGs (8% and 12% in
the NIR-AF + and NIR-AF- groups, respectively) (p = 0.0008). In the NIR-AF group, 347 superior PGs (71% of those found
intraoperatively) and 280 inferior PGs (62% of those found intraoperatively) were initially identified by the surgeon with the naked eye

https://eproofing.springer.com/ePj/printpage_jnls/02SuQtORWmIiH_bIrZEOAgrDyxLiWD8GSA3ih-MaL_dCI0kiCBaLe-U4pPboi6hfeFF7wkJmkcFW-IGpLEYDobu4lQQS8A-006 OtE6sugS87Dpibh1NWpWbXyoulaNmO
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and subsequently confirmed by the detection of autofluorescence, whereas 142 (29%) and 171 (38%) were primarily detected with the
NIR-AF device.

Table 3

Surgical outcomes of the patients operated on with and without the use of NIR-AF

NIR-AF +
(n=291)
Identifiable PGs 1022 1998 -
Intra-operatively identified PGs 940 (92) 1758 (88)
0.0008

Missed PGs 82 (8) 240 (12)
Auto-transplanted PGs 106 (10.4) 70 (3.5) <0.0001
PGs on specimen 48 (4.7) 130 (6.5) 0.045
Benign disease 17 (35.4) 47 (36.2) 0.93
Malignancy* 31 (64.6) 83 (63.8) ’
Total thyroidectomy Hemithyroidectomy ?Z g;;; ;(l)o(f 244)6) 0.24
CC dissection 21 (43.7) 66 (50.8) 0.41
LC dissection 7 (14.6) 21 (16.1) 0.79

Benign disease J 1_(122564) 62_(2223 0.61
Transient n= n=
HypoPTH 24 (25.3) 55 (34.8)

Malignancy =05 n =158 0.11

. . 3124 9(3.4)

Benign disease =122 n=261 0.6
Permanent
HypoPTH

. 8 (8.8) 16 (11.1)
%

Malignancy n=95 0= 144 0.56
List of abbreviation: PGs Parathyroid glands, HypoPTH Hypoparathyroidism
*Including Bethesda III/IV cytology and hypercalcitoninemia

Accordingly, intraoperative PGs autografting was significantly more frequent in the NIR-AF + group (106/1022, 10.4%) than in the NIR-
AF- group (70/1998, 3.5%) (p <0.0001). In the NIR-AF group, 41 PGs auto-transplantations (39%) were performed after intraoperative ex
vivo examination of the excised surgical specimen with autofluorescence detection, whereas the remaining PGs were auto-transplanted

because they were considered insufficiently vascularised after or during surgical dissection.

The use of the NIR-AF device was associated with a significantly lower detection of PGs on the surgical specimen at histopathological
examination (48/1022, 4.7% versus 130/1998, 6.5%) (p = 0.045). In this regard, the number of PGs in the specimen was not significantly
influenced by the indication that led to surgical intervention and by the extent of surgery.

The use of NIRAF did not significantly affect the incidence of hypoPTH. Among patients undergoing surgery for suspicious or confirmed
malignancy, the rates of transient hypoPTH (25.3% vs. 34.8%) and permanent hypoPTH (8.8% vs. 11.1%) were lower in the NIRAF +
group. However, these differences did not achieve statistical significance (p =0.11 and p = 0.56, respectively).

Discussion

Thyroid surgery is a common procedure routinely performed in Italy with about 40°000 annual operations [ 18 ]. Although thyroidectomy is
considered effective and safe, it is not free from complications. The high number of procedures performed in highly specialised reference
centres have a significant impact on public health costs, as on the quality of life and morbidity of individual patients [ 19 ]. In this scenario,
postoperative hypoparathyroidism is a common complication after total thyroidectomy, occurring permanently in 3.2—6% of patients [ 2 ].
The complexity of the embryogenesis of the parathyroid glands, the variability of their anatomical localisation, and their delicate

vascularisation justify the difficulty of their preservation during thyroid surgery [ 20 ].

Several devices for detecting parathyroid autofluorescence have been developed and commercialised, so the scientific community has

shown a growing interest in refining advantages and drawbacks of this technology.

In our experience, the use of NIR-AF significantly reduces the rate of inadvertent parathyroidectomy detected in the specimen during
histopathological evaluation, both in the thyroid specimen and in the adipose tissue of the central compartment (from 6.5% to 4.7%). The
rate of incidental parathyroidectomy varies widely in literature, ranging from 3.7% to 24.9% of patients [ 21 ]. Data on the role of
autofluorescence in inadvertent parathyroidectomy are inconclusive. Di Marco et al. found no significant difference in the rate of incidental
parathyroidectomy when using the NIR-AF device, whereas a subsequent single-centre study of 100 patients undergoing NIR-AF-assisted
total thyroidectomy found a significant reduction in inadvertent parathyroidectomy thanks to the detection of autofluorescence (from 14 to

6%) [ 22,23 ]. Similar results were obtained in a randomised-controlled trial in which a reduction in unintended removal of parathyroid
tissue was detected by intraoperative autofluorescence in 180 patients undergoing total thyroidectomy (from 28.9% to 14.4%) [24 ]. A
similar trend was confirmed in two studies published by Benmiloud et al. involving 516 and 241 patients, respectively [ 25,26 ]. A recent
single-centre paper supports these data, documenting a significant reduction in the detection of parathyroid tissue at final histopathological

examination using autofluorescence detection devices (from 23.2% to 13.3% of cases) [ 27 ]. Literature data were reviewed in a meta-

https://eproofing.springer.com/ePj/printpage_jnls/02SuQtORWmIiH_bIrZEOAgrDyxLiWD8GSA3ih-MaL_dCI0kiCBaLe-U4pPboi6hfeFF7wkJmkcFW-IGpLEYDobu4lQQS8A-006 OtE6sugS87Dpibh1NWpWbXyoulaNmO 712
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analysis by Wang et al. which found a reduction in the pooled relative risk of accidental parathyroidectomy in the NIR-AF group compared

to patients undergone standard surgery [ 28 ].

Thyroid carcinoma is a known risk factor for inadvertent parathyroidectomy, especially in cases of extensive surgery for locally advanced
cancer, presence of extension outside the thyroid gland, thyroiditis or lymph node metastases [ 29, 30 ]. Dissection of the central neck
compartment is a known strong independent risk factor for inadvertent parathyroidectomy, especially when lymph node metastases are
clinically present and when associated with inadvertent resection of thymic tissue [ 9, 31,32, 33, 34 ]. The two groups analysed in our study
appeared to be homogeneous in terms of gender, age, body mass index and preoperative biochemical parameters. In both groups, total
thyroidectomy was the predominant surgical procedure. Conversely, malignancy and dissection of the central and lateral neck
compartments were significantly more common in the NIR-AF + group. These factors could act as independent confounders, both
increasing the risk of incidental parathyroidectomy. Therefore, this aspect might play a role in attenuating the difference observed in the
two groups and underestimate the potential benefit of autofluorescence.

According to our results, the surgeon identified a higher number of PGs in thyroid surgery with autofluorescence (92% versus 88%).
Specifically, in patients undergoing NIR-AF-assisted thyroidectomy, more than 30% of PGs were identified by autofluorescence before they
could be detected by the naked eye. This finding is supported by published data showing that nearly one third of PGs are identified by
autofluorescence before they are recognisable to the surgeon’s eye [ 23 ]. However, intraoperative identification of PGs does not necessarily

imply preservation of their vascular pedicles, so the number of glands preserved in situ is not related to their viability [ 35, 36 ].

Auto-transplantation of de-vascularized or resected PGs adds to the complexity. Our data show a significant increase in PG auto-
transplantation in the NIR-AF + group, although the current evidence is controversial. While some authors have described an increased

number of auto-transplants using autofluorescence [ 26 ], others have found a significant decrease [ 23 ]. The available pooled data show no

association between NIR-AF and the frequency of PG auto-transplants [ 28 ]. The divergence in data can be related to several factors, such
as differences in surgical technique, subjective auto-transplantation habits, and non-standardised use of the device. Of note, in our cohort, a
considerable percentage of PGs (39%) were transplanted after intraoperative detection of auto-fluorescent light on the ex vivo surgical
specimen. They represent the number of glands that were not identified during the previous surgical steps and that would have been
inadvertently excised by the surgeon without the NIR-AF device and eventually documented only during histopathological examination.
These data argue for thoughtful use of the device during the various steps of thyroid surgery, including precise and careful inspection of the
excised surgical specimen prior to formalin fixation in search of residual parathyroid tissue. Despite the adoption of fluorescence detecting
devices, our data show that 4.7% of PGs were not identified either intraoperatively or after a careful inspection of the resected specimen
and were found at histopathological examination. A similar result was obtained by Bellier et al. where 11.2% of “hidden” PGs were

discovered by pathologist [ 37 ]. This result may be explained by considering that intraparenchymal intrathyroidal PGs remained
undetectable and 2—3 mm of adipose or thyroid tissue may be sufficient to cover the fluorescent signal [ 37 ]. In addition, the presence of

intraglandular bleeding in PGs can alter the fluorescent signal by the absorption of haemoglobin, leading to a false negative result [ 38 ].

Although our results showed an increased number of PGs identified intraoperatively, a reduction of inadvertent parathyroidectomy, and an
increase of PG transplantation in NIR-AF group, the adoption of this technology did not affect the rate of transient or permanent hypoPTH.
There are several possible explanations for these findings. Firstly, early visualization of PGs does not necessarily imply preservation of
their vascular pedicle. Thus, an increased number of identified PGs intraoperatively using NIR-AF may not correlate with their adequate
function after surgery [ 35,36, 39 ]. Only ICG angiography can predict PGs viability [ 40,41 ]. Secondly, the relationship between
inadvertent parathyroidectomy and hypoPTH remains a subject of debate and controversy. In fact, there is no agreement on the number of
PGs that must be preserved to maintain a normal PTH. Some authors believe that a single functioning gland is enough to restore normal
parathyroid activity. Accordingly, inadvertent parathyroidectomy did not alter normal PTH homeostasis, considering that in most cases,
only one PGs was inadvertently resected [ 42,43 ]. On the other hand, others believe that the integrity of at least two—three PGs is necessary

[ 44,45 ]. Finally, permanent hypoPTH is a rare complication in thyroid surgery. From a statistical point of view, our study may not have

enough statistical power to show significance in permanent hypoPTH, considering its low incidence (3.2—6%) in literature [ 2 ]. Additional

multicenter randomized controlled trials are needed to assess a significant reduction of permanent hypoPTH using NIRAF.

The present study has some limitations. The retrospective design is a limiting factor that requires future randomised-controlled studies to
infer definitive conclusions on the usefulness of autofluorescence in thyroid surgery. Inconsistency in the number of malignancies and neck
dissections performed between the two groups could also influence the results and play a role in attenuating the observed difference,
thereby underestimating the potential benefit of autofluorescence. The comparison between two groups recruited in two different tertiary
hospitals and not stratified by individual surgeon also harbours the risk of bias.

Conclusion

Intraoperative NIR-AF detection has proven to be a promising technology to reduce unintended parathyroid interventions during thyroid
surgery. However, the evaluation of the functional impact in case of inadvertent parathyroidectomy and the role of NIR-AF in postoperative
calcium homeostasis are not among the aims of the present study. Endocrine function correlates with the maintenance of healthy and
adequately perfused PGs [ 37,39 ]. Since NIR-AF detection does not allow assessment of PGs perfusion in situ, the combined examination
of autofluorescence and real-time fluorophore-based angiography, as obtained by injection of indocyanine green (ICG), seems essential for

a proper understanding of functional aspects [ 40,41 ]. Future multicentric studies are needed to confirm the current findings.-
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