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Surgical management of malignant and benign lesions of the thyroid and parathyroid glands remains the cor-
nerstone procedure. Although surgical management of these neoplasms is well-established techniques with good 
history of its improvement,  it is associated with some risks of disabling complications such as postoperative hypo-
parathyroidism and recurrent laryngeal nerve (RLN) palsy. Although high‑differentiated thyroid carcinomas retain 
favorable cure rates with surgery (often combined with radioiodine), extensive procedures (thyroidectomy and neck 
dissections) increase the likelihood of unintentional parathyroid damage and RLN impairment. Reoperative neck 
surgery is particularly challenging due to distorted anatomy after the previous procedures as well as significant scar 
tissue, elevating the risk of misidentifying parathyroid glands and metastatic lymph nodes. It is surgical catastrophe 
to consider metastatic limp node as a parathyroid gland and skip its dissection. In this matter,  fluorescence‑guided 
surgery (FGS) might be a useful intraoperative tool to discriminate parathyroid glanbds from other structures and 
keep them intact. FGS is based on detection of parathyroid autofluorescence in the near‑infrared range (~740–820 
nm) and signal enhancement with indocyanine green (ICG), is an emerging adjunct for intraoperative identification. 
A literature review (PubMed, Scopus, Google Scholar; English and Ukrainian sources) indicates that FGS systems 
(Fluobeam, PTeye, EleVision, etc.) improve parathyroid visualization and reduce inadvertent gland excision and rates 
of transient and permanent hypoparathyroidism. Combining FGS with IONM yields a synergistic effect in decreasing 
RLN injury risk, as ICG angiography can delineate vascular anatomy around the nerve and assist localization. Limita-
tions include equipment cost, need for procedural standardization, variability in autofluorescence intensity, and the 
requirement for further multicenter trials to assess long‑term clinical outcomes. FGS represents a promising adjunct 
in endocrine surgery with potential to reduce disabling complications in thyroid and parathyroid operations; further 
standardized research is required to optimize its clinical application.

Key words: recurrent laryngeal nerve, autofluorescence of parathyroid glands, fluorescence-guided surgery, in-
docyanine green, thyroid surgery, parathyroid surgery, prevention of postoperative complications.
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Introduction. 
Surgical treatment is primary approach to treat ma-

lignant and benign thyroid and parathyroid neoplasms. 
The incidence of thyroid cancer remains stable with 
mean frequency of 1.7–2.2% out of all malignant thy-
roid tumors, and these are mainly highly thyroid differ-
entiated carcinomas (follicular cancer, papillary cancer). 
The surgical treatment of these malignant neoplasms, 
with or without radioiodine therapy, allows to ensure 
the cure of patients in 95–99% of cases [1]. Primary hy-
perparathyroidism (PHPT) is result of parathyroid ade-
noma, and it is the most underdiagnosed disease, main-
ly due to the variability of the clinical picture. PHPT is 
diagnosed by laboratory funding and the treatment is 
surgical [2–5]. Diagnosis of thyroid cancer includes in-
strumental, cytological, and molecular genetic meth-
ods, as described in the current 2025 guideline of the 
American Thyroid Association, numerous scientific pub-
lications by domestic and foreign scientists and practi-
tioners [4–6]. Despite surgical interventions on the thy-
roid and parathyroid glands using capsular dissection 
methods to ensure extrafascial removal of tumors, the 
risk of damage to vital neck structures is high, but the 
real incidence of the complications is usually low among 
skilled endocrine surgeons. Bleeding, recurrent larynge-

al nerve (RLN) palsy, and unintentional removal of the 
parathyroid glands are considered as disabling compli-
cations, minimizing the frequency of which is an urgent 
task for endocrine surgeons worldwide, and including 
Ukraine [7, 8]. The risks of RLN and parathyroid gland 
involvement are higher in thyroid cancer surgery, where 
thyroidectomy or hemithyroidectomy are the standard 
according to current guidelines. Usually, the neck dissec-
tion is performed for a central compartment (6–7 neck 
compartments), even in the absence of reliable data on 
metastatic lesions. With the indicated volumes of sur-
gery, but mainly with thyroidectomy, the risk of both 
persistent hypoparathyroidism and RLN palsy increas-
es [9]. Another problematic issue in endocrine surgery 
is repeated neck surgeries for recurrent thyroid cancer 
or primary hyperparathyroidism, when after primary 
surgeries there is a violation of normal anatomical land-
marks and a pronounced splenic process, which is asso-
ciated with an even higher risk of both RLN and para-
thyroid glands, which can be confused with metastatic 
lymph nodes [10]. And if for verification of RLN it is pos-
sible to use intraoperative neuromonitoring (IONM) to 
reduce the risk of nerve damage, then visualization and 
verification of parathyroid glands during repeated neck 
surgeries is a more complex issue. Available visualization 
techniques – computed tomography (CT) or ultrasound 
(US) do not provide reliable data that would indicate in-
traoperatively a clear localization of RLN and parathyroid 
glands. Considering the above-mentioned problematic 
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issues of endocrine surgery, and surgery of the thyroid 
and parathyroid glands, the current direction is the use 
of hardware techniques for intraoperative identifica-
tion and verification of RLN and parathyroid glands, as 
an additional tool to the naked eye of the surgeon. The 
latest trend that has revolutionized the intraoperative 
detection of parathyroid glands, and according to some 
reports also RLN, is fluorescence-guided surgery (FGS). 
FGS uses the properties of tissues to synthesize a signal 
with a certain wavelength, record it using special devic-
es and thereby identify the target tissue among other 
tissues during operations. In the context of endocrine 
surgery, FGS has been actively developed for the detec-
tion of parathyroid glands since 2011, when their ability 
to autofluorescence (the property of synthesizing a sig-
nal in the near-infrared range) was discovered [11]. The 
infrared spectrum with a wavelength of 740–820 nm, 
which is characteristic of the parathyroid glands, can be 
detected by special equipment, with the possibility of 
contrast enhancement with fluorophore agents such as 
indocyanine green (ICG). Another possible point of ap-
plication of FGS in endocrine surgery is the performance 
of angiography of RLN vessels, which can be an addition-
al intraoperative tool for identifying RLN. In Ukraine, FGS 
in endocrine surgery is in the process of implementation 
and research, which necessitates the need to system-
atize the accumulated data on this part of surgery. 

The aim of the study. 
To conduct a literature review of national and inter-

national studies, and to analyze and substantiate the in-
dications and features of the use of fluorescence-guided 
surgery in the surgical treatment of thyroid and parathy-
roid tumors.

Object and research methods. 
Electronic databases of medical publications 

PubMed, Google Scholar, Scopus were used to search for 
scientific articles. The search was used for English-lan-
guage publications in PubMed, Google Scholar, Sco-
pus, and for Ukrainian-language publications in Google 
Scholar. The search used the following keywords: thyroid 
cancer and fluorescence-guided surgery, parathyroid ad-
enoma and fluorescence-guided surgery, complications 
of thyroid surgery, fluorescence-guided surgery and 
thyroid cancer, fluorescence-guided surgery and para-
thyroid adenoma, complication of thyroid surgery. Ac-
cording to the results of the literature search, the most 
significant articles were selected that meet the modern 
scientific and practical standard for the treatment of sur-
gical pathology of the thyroid and parathyroid glands.

Main part.
Fluorescence-guided surgery devices and operating 

principle.
The autofluorescent properties of tissues are based 

on the physical properties of synthesizing a signal with 
a certain wavelength, which is possible for detection 
by special equipment [12, 13]. Fluorescence imaging 
involves a sequence of actions that use equipment to 
act on the area of interest by directing a light source of 
a specific wavelength at it, resulting in this light being 
absorbed by the target tissue, emitting a longer wave-
length in response, which can be recorded by a specially 
designed camera for the specific wavelength [14–16]. 
In fluorescence-guided surgery, the near-infrared re-
gion is often used, as it is characterized by deeper tis-
sue penetration of up to 10 mm, which is a sufficient 

depth parameter for assessing the fluorescence signal, 
for example, when using this technique to assess lymph 
nodes affected by metastatic processes, as well as when 
searching for parathyroid adenomas [12, 17, 18]. One 
may compare near-infrared with ultraviolet spectrum 
(wavelength 200–650 nm), having sufficient penetration 
into tissues does not occur or a reaction with endoge-
nous fluorophores is observed, and therefore it is impos-
sible to reliably clearly distinguish the signal of the target 
tissue from other tissues (which actually create a “cur-
tain” for the target signal), and this, accordingly, reduces 
the diagnostic value of the use of ultraviolet radiation 
[19]. Thus, the infrared area is most optimal for use in 
fluorescence-guided surgery, and fluorescence imaging 
systems are optimized for wavelengths in the range of 
720–850 nm. This range of infrared radiation provides 
sufficient intensity and specificity of the signal intraop-
eratively in real time for the identification and verifica-
tion of parathyroid glands, with the possibility of their 
differentiation from other tissues, including metastatic 
lymph nodes, as shown in published studies [12, 14, 17, 
18, 20]. Among the various fluorescence-guided surgery 
devices, the common is the PTeye, which provides visu-
alization and audio signal when a hand-held probe con-
tacts the parathyroid gland. The PTeye is equipped with 
a light source that produces a beam in the near infrared 
region and is also equipped with a camera to identify 
tissue autofluorescence, the signal being fed to a moni-
tor [21, 22]. Also there are the devices namely PDE Neo 
II, EleVision IR Platform, demonstrating similar technical 
characteristics. A similar principle is used in other devic-
es that are more often used in endocrine surgery cen-
ters in Ukraine: Fluobeam-800/Fluobeam-LX (Fluoptics). 
According to original publications by Ukrainian research-
ers, Fluobeam-800/Fluobeam-LX allow to significantly 
improve the results of treatment of patients with malig-
nant and benign diseases of the thyroid and parathyroid 
glands, in particular to reduce the frequency of disabling 
complications - unintentional removal of the parathy-
roid glands or assessment of metastatic lymph nodes as 
parathyroid glands [13, 15, 23, 24]. The latter can have 
catastrophic consequences in the form of further spread 
of thyroid cancer metastases. In Ukraine, a prototype of 
a domestic apparatus for fluorescence-guided surgery 
was also presented, and the surgical research group of 
Gorobeiko et al. proposed the use of a hardware tech-
nique based on the ability of the parathyroid glands to 
synthesize a signal in the near infrared region.

The role of fluorescence-guided surgery in reducing 
the incidence of postoperative hypoparathyroidism.

Thyroid surgery is characterized by transient hyper-
parathyroidism in 15-20% of patients, with thyroidec-
tomy for thyroid cancer, while the risk of permanent 
hypoparathyroidism is reported to be 2–3% of patients 
[9, 23, 25]. However, a review of published articles, in-
cluding systematic reviews and meta-analyses, suggests 
a relatively high incidence of transient hypoparathyroid-
ism (25–27%) and a relatively low incidence of perma-
nent hypoparathyroidism (0.5–1%) following surgery 
for malignant and benign thyroid nodules. The authors 
note a higher incidence of complications in thyroid and 
parathyroid surgery with a higher volume of surgery 
than thyroidectomy, with central and/or lateral neck 
dissection being associated with a higher incidence of 
hyperparathyroidism [9, 23, 26, 27]. Studies show tran-
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sient hypoparathyroidism in 25–28% of patients under-
going surgery for parathyroid disease, with 0.2–14% of 
patients having permanent hypoparathyroidism with se-
vere or moderate hypocalcemia, according to previously 
published data [28]. Although the vast majority of cases 
of postoperative hypoparathyroidism are temporary and 
resolve within 6 months after surgery, a small percent-
age of patients require lifelong calcium and active forms 
of vitamin D (calcitriol, etc.), which is a significant fac-
tor that negatively affects quality of life [29]. Thus, the 
development and implementation of new techniques 
and hardware methods that would reduce the risks of 
such a postoperative complication as hypoparathyroid-
ism is an extremely relevant and important direction of 
endocrine surgery. In this regard, fluorescence-guided 
surgery (FGS) with determination of autofluorescence 
of parathyroid glands in native or with the use of fluo-
rophore enhancement, in particular indocyanine green 
(ICG), demonstrates a lower frequency of these compli-
cations even in highly specialized centers of endocrine 
surgery [12, 16, 30, 31]. Also, it might be considered pos-
sible application of artificial intelligence (AI) tools for the 
evaluations of the signals from ICG, as it was suggested 
in various review and translational papers [32–34].

The role of fluorescence-guided surgery in reducing 
the incidence of recurrent laryngeal nerve injury.

The recurrent laryngeal nerve (RLN) is a branch of the 
vagus nerve and plays a vital role in innervating almost 
all muscles of the larynx except the cricothyroid mus-
cle. The RLN provides phonation and respiration. Thus, 
RLN damage is considered a disabling complication that 
leads not only to impaired phonation, but can also be as-
sociated with impaired respiratory function, hoarseness, 
stridor, and dysphagia. RLN damage can occur during 
thyroid surgery, as the nerve passes in the trachea near 
the Zuckerkandl tubercle and is associated with the 
Berry ligament, which is taken into account during mo-
bilization of thyroid lobes. However, given the intimate 
attachment of the RLN to the thyroid structures, tech-
nical difficulties in isolating the RLN are often reported 
in cases of widespread PTC, invasion of carcinomas into 
the nerve area, or tight attachment of the RLN to the 

thyroid capsule in benign neoplasms. According to the 
literature, the risk of bilateral RLN involvement and vocal 
cord paralysis may be associated with surgical trauma in 
20-44% of cases, malignant neoplasms in 10–17%, and 
up to 15% of cases due to trauma during endotrache-
al intubation [35]. Tools for more reliable visualization 
and verification of peripheral nerves are often used in 
surgery. But these are mainly intraoperative neuromon-
itoring systems (IONM), which are also common in thy-
roid surgery [36]. But improving the results of surgical 
treatment of patients with malignant and benign thyroid 
tumors, as well as parathyroid adenomas, can also be 
achieved by combining IONM with FGS instruments [14, 
18]. According to the publication, a possible point of ap-
plication of FGS to IONM is the possibility of its use for 
identification and verification of peripheral nerves, in 
particular the RLN, the lesion of which is also considered 
a disabling complication. It is reported that the simulta-
neous use of IONM and ICG-enhanced angiography of 
the RLN is associated with more reliable identification 
and verification of the RLN. The authors present a series 
of patients who were applied to this approach, which al-
lowed to improve the results of surgical treatment [14, 
18].

Conclusions.
Fluorescence-guided surgery is a novel surgical 

method that is of great importance in performing surgi-
cal interventions for thyroid and parathyroid pathology; 
it improves the results of surgical treatment of patients 
with thyroid cancer and parathyroid adenomas by reduc-
ing the risk of disabling complications - damage to the 
RLN or inadvertent removal of the parathyroid gland. It 
is advisable to enhance the autofluorescence signal of 
the parathyroid glands using the fluorophore agent ICG.

Prospects for further research.
The routine application of FGS in thyroid surgeries 

will determine the further development of endocrine 
surgery in Ukraine, which requires the development 
of optimal algorithms for the use of FGS to select ap-
proaches to the surgical treatment of thyroid tumors, in-
cluding malignant ones, as well as the surgical treatment 
of adenomas and carcinomas of the parathyroid glands. 
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ФЛУОРЕСЦЕНТ-КЕРОВАНА ХІРУРГІЯ В ЛІКУВАННІ ПУХЛИН ЩИТОПОДІБНОЇ ТА ПРИЩИТОПОДІБНОЇ ЗАЛО-
ЗИ: РОЛЬ СУЧАСНОГО МЕТОДУ В МІНІМІЗАЦІЇ ІНВАЛІДИЗУЮЧИХ УСКЛАДЕНЬ
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Pезюме. Хірургічне лікування доброякісних та злоякісних пухлин щитоподібної та прищитоподібних залоз 

було і залишається основним видом лікування, але несе ризики серйозних ускладнень, пов’язаних з ризиком 
інвалідизації пацієнтів. До цих ускладнень належать кровотеча, ураження зворотного гортанного нерва (ЗГН), 
а також післяопераційний гіпопаратиреоз. Ураження ЗГН та післяопераційний гіпопаратиреоз рідко зустріча-
ються серед ендокринних хірургів, які виконують велику кількість операцій, проте їх ризик все ще враховуєть-
ся у складних випадках. Варто зазначити, що навіть добре диференційований рак щитоподібної залози (який 
часто має хороші результати після хірургічного втручання) вимагає обширних хірургічних процедур (тотальної 
тиреоїдектомії та дисекції шиї), що збільшує ймовірність травми паращитоподібних залоз та пошкодження 
ЗГН. Повторні операції на шиї є особливо небезпечними, оскільки рубцювання та змінена анатомія усклад-
нюють диференціацію прищитоподібних залоз від метастатичних вузлів. Традиційні інтраопераційні допом-
іжні засоби, такі як інтраопераційний нейромоніторинг (ІОНМ) та передопераційна візуалізація (КТ, УЗД) для 
кращого планування, обмежені щодо надійної локалізації тканини прищитоподібних залоз та візуалізації ЗГН. 
Флуоресцентно-керована хірургія (ФКХ), що використовує власну аутофлуоресценцію прищитоподібних залоз 
у ближньому інфрачервоному спектрі та посилений сигнал флуорофором індоціанінового зеленого (ICG). 
ФКP розглядається як інтраопераційне доповнення до традиційних операцій на щитоподібній та прищито-
подібних залозах. Огляд англійської та української наукової літератури (PubMed, Scopus, Google Scholar) по-
казує, що системи ФКХ (наприклад, Fluobeam, PTeye, EleVision) покращують ідентифікацію прищитоподібних 
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залоз та зменшують їх випадкове видалення, а також частоту транзиторного та постійного гіпопаратиреозу. 
У поєднанні з IOНM, ФКХ, здається, ще більше знижує ризик пошкодження прищитоподібних залоз, оскільки 
ІCG-ангіографія допомагає картувати судинну анатомію поблизу нерва та сприяє кращій візуалізації. Недоліки 
включають вартість обладнання, відсутність стандартизованих протоколів, мінливість аутофлуоресцентного 
сигналу та необхідність багатоцентрових досліджень для визначення довгострокових результатів. ФКХ є пер-
спективним доповненням в ендокринній хірургії шиї з потенціалом для зменшення інвалідизуючих усклад-
нень, але для оптимізації його клінічного використання необхідні стандартизовані дослідження.

Ключові слова: поворотний гортанний нерв; аутофлуоресценція прищитоподібних залози; флуорес-
цент-керована хірургія; індоціанін зелений; хірургія щитоподібної залози, хірургія прищитоподібних залоз; 
профілактика післяопераційних ускладнень

FLUORESCENCE-GUIDED SURGERY FOR THE MANAGEMENT OF THYROID AND PARATHYROID NEOPLASMS: 
THE ROLE OF A MODERN METHOD IN PREVENTION OF DISABLING COMPLICATIONS

Vereschako R. I., Gorobeiko M. B.
Abstract. Surgical treatment of benign and malignant thyroid and parathyroid lesions was and remains the 

primary therapy, but carries risks of serious complications to be associated with risk of patients disabilities. Of 
these complications, there are bleeding, palsy of recurrent laryngeal nerve (RLN) as well as postoperative 
hypoparathyroidism. The RLN palsy and postoperative hypoparathyroidism  are rare among high-volume endocrine 
surgeons, however its risk is still considered in complicated cases. It is worth to mention that even well‑differentiated 
thyroid cancers (which often have good outcomes with surgery), require extensive procedures (total thyroidectomy 
and neck dissection) that increase the chance of parathyroid trauma and RLN damage. Reoperative neck surgery is 
especially hazardous because scarring and altered anatomy make it harder to distinguish parathyroid glands from 
metastatic nodes. Traditional intraoperative aids are intraoperative neuromonitoring (IONM) and preoperative 
imaging (CT, ultrasound) for the better planning, are limited in reliably localizing parathyroid tissue and visualizing 
the RLN. Fluorescence‑guided surgery (FGS), exploiting intrinsic parathyroid autofluorescence in the near‑infrared 
spectrum and enhanced signal with indocyanine green (ICG) fluorophore. FGS is emerged as an intraoperative 
adjunct for the conventional thyroid and parathyroid surgeries. A review of English and Ukrainian research literature 
(PubMed, Scopus, Google Scholar) shows that FGS systems (e.g., Fluobeam, PTeye, EleVision) improve identification 
of parathyroid glands and reduce inadvertent excision and rates of transient and permanent hypoparathyroidism. 
When combined with IONM, FGS appears to further lower RLN injury risk, as ICG angiography helps map vascular 
anatomy near the nerve and aid localization. Drawbacks include equipment costs, lack of standardized protocols, 
variability in autofluorescence signal, and the need for multicenter trials to define long‑term outcomes. FGS is a 
promising adjunct in endocrine neck surgery with potential to lessen disabling complications, but standardized 
research is needed to optimize its clinical use.

Key words: recurrent laryngeal nerve, autofluorescence of parathyroid glands, fluorescence-guided surgery, 
indocyanine green, thyroid surgery, parathyroid surgery, prevention of postoperative complications.
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