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Reccurent laryngeal nerve (RLN) pulsy and damage to the parathyroid glands are considered as major complica-
tions that might be seen during surgical interventions for benign and malignant thyroid and parathyroid neoplasms.
Fluorescence-guided surgery is a method that involves the use of contrast agents and fluorophore signal identifica-
tion devices for intraoperative visualization of anatomical structures. A little is known about fluorescence-guided
surgery for the verification of RLN and parathyroid glands.

The aim of the study was to evaluate the role of fluorescence-guided surgery using two different imaging systems
and indocyanine green to identify the RLN and parathyroid glands during operations for benign and malignant thy-
roid and parathyroid tumors.

A 131 patients were indentified for the study. All operations were performed using the capsule dissection tech-
nique. Parathyroid glands were identified with the naked eye, followed by analysis of the operative field using one
of the available imaging systems to detect near infrared (NIRF) signal. Indocyanine green (ICG) was used as a fluo-
rophore.

Identification of parathyroid glands using NIRAF determination was combined with indocyanine green fluoro-
phore administration in 102 (78%) patients. In all these cases, a uniform distribution of the signal in the NIRAF was
determined. RLN did not show a signal without ICG. But after the injection of contrast ICG, a clear signal was ob-

tained in all 131 (100%) cases from RLN.

Fluorescent guided surgery is promising and novel approach for the confirmation of both RLN and parathyroid
gland, which is better to apply with fluorophore such as ICG. Fluorescent guided surgery is considered as an addi-
tional tool to the naked eye conformation of the RLN and parathyroid glands.

Key words: parathyroid glands, recurrent laryngeal nerve; fluorescence-guided surgery; near-infrared fluores-

cence; indocyanine green.

Connection of the publication with planned research
works.

The work does not have connection with planned re-
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Introduction.

One of the important stages of thyroid surgery for
management of benign and malignant tumors of the
thyroid gland is the identification and preservation
of the recurrent laryngeal nerve (RLN) and parathy-
roid glands [1-3]. Damage to the RLN is a significant
disabling complication resulting in temporary paresis or
permanent paralysis of the vocal cords and narrowing of
the larynx, which is associated with dysphonia, stridor,
and respiratory failure. The risk of RLN pulsy is increased
in cases of neck dissection, which is a routine step in the

surgical management of thyroid cancer [4]. Identification
of the RLN is usually performed by the naked eye dur-
ing the a dissection of the tracheoesophageal groove in
the area of the projection of the tubercle of Zukerkandl.
Intraoperative neuromonitoring (IONM) is an additional
and routine method for verifying RLN to be routinely
used by endocrine surgeons, helping to avoid damage to
the RLN and is often [5-7]. It worth to mention that for an
high-experienced endocrine surgeon, the identification
of the RLN is a task that is solved in most cases under
the condition of primary surgical intervention in the area
of the thyroid gland [1, 5]. However, the identification of
the RLN is a clinical challenge in case of neck reoperations
for recurrence of thyroid cancer, for retrosternal goiters,
as well as in the anatomical veriaties of the RLN, such as
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presence of its additional branches [8]. As mentioned
above, it is also important task to identify and preserve
parathyroid glands [4, 9]. However, it is also difficult task
to identify and verify parathyroid glands in case of reop-
erations for recurrent thyroid cancer or in cases of hyper-
parathyroidism as well as in patients with multiglandular
parathyroid gland disease or intrathyroidal localization
or other anatomical variations [8, 10-12]. The routinely
applied preoperative identification of parathyroid adeno-
mas is performed by using scintigraphy with 99mTc-sesta-
mibi or by computed tomography [10]. The last, but not
the list surgical challenge for parathyroid preservation is
discussed for the patients with thyroid cancer metastases
to the local lymph nodes of central compartment which
is difficult to discriminate from the lower parathyroid
glands [13].

Given the possible difficulties in identifying RLN
and parathyroid glands when these structures were
determined by the naked eye and IONM, the use of
fluorescence-guided surgical intervention is promising.
Fluorescence-guided surgery is a method that involves
the use of contrast agents (fluorophores) and fluorophore
signalidentification devicesforintraoperative visualization
of anatomical structures and tissue differentiation [14,
15]. A promising option for fluorescence-guided surgery
for RLN verification can be the use of indocyanine green
(ICG) and determination of its signal in the near infrared
spectrum, which can be an additional method of RLN
and parathyroid identification and verification [1, 16]. It
is worth to mention that, parathyroid gland is exhibited
autofluorescence in near infrared spectrum (NIRAF) with
wave length of 800-820 nm with a detectable signal in
comparison to thyroid tissue [9]. Such a unique feature
of parathyroid tissue was also reported for both vascu-
larized and unintentionally excised entities [13]. Available
devices for detecting signals in NIRAF (wave length 800-
820 nm) can increase the sensitivity and specificity of
RLN and parathyroid identification in addition to the their
detection by naked-eye or with application of IONM for
RLN [1, 17].

The aim of the study.

To evaluate the role of fluorescence-guided surgery
using two different imaging systems and ICG to identify
the RLN and parathyroid glands during operations for
benign and malignant thyroid and parathyroid tumors.

Object and research methods.

The study involved 131 patients who underwent sur-
gical treatment at the Verum Expert Center, which is the
clinical base of the Department of Surgery of the NSC
«Institute of Biology and Medicine» at Taras Shevchenko
National University of Kyiv (Kyiv, Ukraine) during 2019-
2022. There were following diagnosis: papillary thyroid
carcinoma (PTC) in 91 patients; medullary carcinoma of
the thyroid gland in 4 patients; follicular thyroid adenoma
in 8 patients; diffuse toxic goiter in 4 patients; toxic
thyroid adenoma in 8 patients; parathyroid adenoma
(oxyphilic cell) in 16 patients. At the preoperative period,
all patients underwent a hormone testing, clinical chem-
istry blood tests, biochemical tests, and ionized calcium.
Ultrasound examination of the thyroid gland and neck
compartments were also performed in all patients. Fine
needle aspiration biopsy (FNAB) was carried out for the
suspicious nodules of the thyroid gland, followed by
cytological verification of punctate FNAB according to
the classification Bethesda. Calcitonin was determined in

patients with suspected medullary thyroid carcinoma. All
operations were performed using the capsule dissection
technique. Parathyroid glands were identified with the
naked eye, followed by analysis of the operative field
using one of the available imaging systems: Fluobeam
800 or Fluobeam LX (Fluoptics, France). Indocyanine
green (ICG) was used as a fluorophore, administered
intravenously. Angiographic evaluation of ICG signal in
the parathyroid glands was carried out 1-2 minutes after
intravenous administration. Near infrared autofluores-
cence (NIRAF) evaluation of the parathyroid glands was
carried out by manually pointing the near infrared (NIR)
camera over the area of the operative field at a distance
of 20 cm. Written informed consent was obtained from
the the patients to participate in the study.

Non-parametric statistical methods were used for
statistical data processing by applying Mann-Whitney
test, Fisher’s exact test (two-tailed) by using statistical
software GraphPad by Dotmatics. The difference be-
tween the studied groups was considered significant with
p<0.05.

Research results and their discussion.

Analysis of the clinical data from 131 patients showed
that malignant neoplasms predominated in the cohort,
which was diagnosed in 95 (73%) patients (91 patients
with PTC and 4 patients with medullary thyroid cancer),
36 (27%) patients had benign neoplasms of the thyroid
and parathyroid glands. Among the studied cohort,
there were 89 (68%) female, 42 (32%) men (p < 0.05).
The mean age of the patients was 45.5 years (range

Figure 1 — Intraoperative photograph during removal of parathyroid
adenoma in patient with relapse of hyperparathyroidism
(repeated surgical intervention for parathyroid adenoma): A — Two
parathyroid adenomas of right parathyroid glands (upper and lower
glands) indicated with arrows; B — The right parathyroid adenoma
showing autofluorescence in near infrared spectrum (indicated
with arrow); C -Normal left lower parathyroid gland was identified
as multiple fragments of tissue after surgical interventions on the
left side (indicated with circle); D — lllustration of autofluorescence
signal in near infrared spectrum of fragmented left lower
parathyroid gland (marked with circle).
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Figure 2 — Intraoperative photograph illustrating two signals in
near infrared spectrum. The signal to the left is stronger indication
good vascularization of parathyroid gland, whereas signal to the
right is weak, indication possible decrease of blood supply to the
parathyroid gland. The tissues from the thyroid gland does not
exhibit near infrared signal.

20-77 years). Reccurent surgeries were performed in 4
cases due to hyperparathyroidism, and in 2 cases of PTC.
Normal parathyroid glands were accurately identified
and mobilized under visual control (naked eye) in 117
(89%) cases, which was subsequently confirmed by
NIRAF of the parathyroid glands. Distinct identification
of the parathyroid glands by visual assessment with the
naked eye was unsure in 22 (17%) patients. There was
no ambiguity in the visual identification of the lower
parathyroid glands in 14 patients due to neck dissection
for PTC. In these cases, to verify all the lower parathyroid
glands and their differentiation from lymph nodes, they
were determined by NIRAF using one of the available

imaging systems.

In 4 (3%) patients, parathyroid glands were identified
in the area of the previous surgical intervention in the
presence of pronounced scarring, followed by NIRAF
application using one of the available imaging systems,
but not by visual identification with the naked eye (fig-
ure 1). Identification of parathyroid glands using NIRAF
determination was combined with indocyanine green
fluorophore administration in 102 (78%) patients. In all
these cases, a uniform distribution of the signal in the
NIRAF was determined, both in the thyroid gland and in
the parathyroid adenoma. However, in 15-20 minutes
after the administration of indocyanine green, the
tissue of the thyroid gland showed a stronger signal as
compared to the parathyroid adenoma. These results
indicate that the determination of NIRAF in combination
with the administration of the fluorophore indocyanine
green is associated with better visualization of the
parathyroid tissue, in particular it can help to identify
occult intrathyroidal adenomas of the parathyroid gland,
which may be located in atypical anatomical areas, but
within a limited time period of up to 20 minutes after
exposure to the contrast agent (i.e. ICG).

It should be noted the presence of a weak signal from
normal thyroid tissue, as well as from benign neoplasms
of the parathyroid glands and thyroid gland using
fluorescence with and without the use of indocyanine
green fluorophore contrast. Weaker signal intensity in the
NIR spectrum was also detected in 12 cases of parathyroid
glands, during operations for benign thyroid tumors,
indicating possible devascularization of the parathyroid
glands (figure 2), which was subsequently confirmed by
a lower level of parathyroid hormone (PTH) in the early
postoperative period (2 days after the surgery).

It is worth to mention that during the postoperative
follow-up of these patients, the level of PTH returned

Figure 3 - lllustration of fluorescent-guided surgery for confirmation of recurrent laryngeal nerve (RLN). At the monitor to the left, a fork-like
probe from intraoperative monitoring (IONM) confirms the linear structure (within the circle) as RLN, showing good signal after the injection
of fluorophore indocyanine green. The signal from IONM is showed as a distinct curve at the IONM monitor to the right part of the figure.
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to normal range in a period of 6 weeks. The use of
the fluorophore indocyanine green to improve the
identification parathyroid glands in 64 (49%) cases after
their mobilization. Before doing fluorescence-guided
surgery, all parathyroid glands were identified by naked
eye. A more intense NIR signal was determined in the
parathyroid glands after contrasting with indocyanine
green.

The RLNs were mobilized during all surgical
interventions. RLN identification was carried out by
the naked eye, and it was subsequently verified using
intraoperative neuromonitoring (IONM). It should
be noted that when applying NIR camera during the
verification of the parathyroid glands, the area of the RLN
did not show a signal. But after the injection of contrast
ICG, we obtained a clear signal in all 131 (100%) cases
from RLN. A linear structure judged to be the recurrent
laryngeal nerve confirmed by IONM demonstrated
accumulation of indocyanine green (indicating presence
of fluorophore perfusion in the vessels of the recurrent
laryngeal nerve), and this structure was also verified by
IONM during contrast administration (figure 3).

Unexpectedly for us, a more intense signal from the
parathyroid glands was noted after changing the angle
of inclination to 45-65° of the NIR of the Fluobeam
800 camera in relation to the area of localization of
the parathyroid gland in the operative field in all 131
(100%) patients, compared to the location of the NIR
camera under at an angle of 90°. When performing such
a maneuver, we identified parathyroid glands next to
the thyroid gland, as well as parathyroid glands in the

thymus tissue in 13 patients. However, when using the
Fluobeam LX device, a good NIR signal was determined in
all cases without specific changes in the angle of the NIR
camera, which is associated with better confidence in the
recognition of the NIRAF signal by the surgical team.

Conclusions.

In summary, the use of NIRAF in parathyroid glands
increases their better identification and preservation.
The application of NIRAF of the parathyroid glands
is considered as a useful, but additional method to
their visual evaluation in the case of primary surgical
intervention. The practical value of NIRAF visualization of
the parathyroid glands increases with repeated surgical
interventions due to the displacement of anatomical
landmarks, the increased risk of inadvertent removal
of the parathyroid glands, and their differentiation
from lymph nodes in malignant processes. Indocyanine
green contrast does not improve the identification
of parathyroid glands. When using different imaging
systems, the change in camera angle must be considered.
Our study has fully supported the importance of the
employment of the apparatus tools, such as IONM for
the verification of the RLN, as well ICG angiography and
NIRAF for the parathyroid gland confirmation.

Prospects for further research.

Results from this study indicate the importance of
further investigations of fluorescence-guided surgery for
identification of RLN and parathyroid glands. It is impor-
tant to establish and evaluate cohorts of patients in other
endocrine surgery centers to test our hypothesis and re-
producibility of our results.
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PO/Ib ®IYOPECLIEHT-KEPOBAHOI XIPYPTIi AN1A BEPUGIKALLIT NPULLMTONOAIEHUX 3AN03 TA 3BOPOTHIX
FOPTAHHUX HEPBIB B IHOPAYEPBOHOMY CMEKTPI
[Oineupb A. B., lopo6eiiko M. b.
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Pestome. Bcmyn. MowKoaKeHHA 3BOPOTHLOIO ropTaHHoro Hepsa (3MH) i npuwmTonoaibHNX 33103 BBAXKakOTb-
CA TAMKUMM YCKNAALHEHHAM Onepali Ha WUTOMNOAIOHIM Ta NpUMTONOAibHIN 3an03ax. dayopecueHT-KepoBa-
Ha Xipypria — ue meToa, AKMA nepenbayace BUKOPUCTAHHA KOHTPACTHUX PEYOBUH i MPUCTPOIB ANA igdeHTUdiKauii
dnyopodopHOro curHany gna iHTpaonepauinHoi Bisyanisauii aHaTOMIYHUX CTPYKTyp. Hapasi akTyanbHUM € po3-
pobKa Ta BNpOBaAMKEHHA anapaTHUX MEeTOAMK A/1A NOKPaLeHHA iHTpaonepauiiHoi iaeHTUdiKauil Ta Bepudikaui
npuwmtonoaibHmnx 3anos ta 3rH.

Mema 00cniduceHHA — OUiHUTU ponb GNYOPECLLEHT-KEPOBAHOT Xipyprii 3 BUKOPUCTAHHAM ABOX Pi3HUX CUCTEM
Bisyanisau,ii Ta iHgouiaHiHy 3eneHoro aas igeHTndikauii 3I'T i npuwmnTonoaibHMX 33103 Nig Yac onepawin 3 npusoay
[06POAKICHUX | 3M0AKICHUX NYXIUH WMTONOAIGHOT Ta NpULLMTONOAiIOHOI 3a103.

06’ekm | memoou docnidxceHHA. Ona pocnigxeHHA 6ynu ineHTudikosaHi 131 nauieHTiB 3 fob6poaKicHMMHK Ta
3/105IKiICHUMMN HOBOYTBOPEHHAMM LLMTONOAiIOGHOT Ta NpuwmTonoaibHoi 3an03. Bci onepauii nposogmMan metogom
KancynbHOT aAncekuii. NMpuwmntonoaibHi 3ano3m 1a 31T iseHTUdiIKyBaAn HEO36POEHNM OKOM 3 NOAA/bLUMM aHaNi30M
onepauitHoro nons 3a LONOMOTIO OAHIEN 3 AOCTYMHUX CUCTEM Bi3yani3aLii AnsA BUABNEHHA GOOPECLLEHTHOIO CUT-
Hany y 6iVKHIlM iHbpayepBoHiIn ginanui (ADPBIY). Ak payopodop BUKOpUCTOBYBABCSA iHAOLUiaHIHOBWUI 3eneHui (ICG).

Pesyabmamu. |laeHTndikauito npuwmtonoaibHmx 3an03 3a gonomoroto AO®EIY noeaHyBanm 3 BBeaeHHAM dayo-
podopa iHaouiaHiHy 3eneHoro y 102 (78%) nauieHTiB. Y BCiX LMX BUNaAKax 6yno BU3HAYEHO PIBHOMIPHWUI po3nogin
curHany 8 A®BIY. 3IT He nokasysas curHan 6e3 ICG. Ane nicns seegeHHs ICG oTpMManu Y4iTKUn curHan y ecix 131
(100%) Bunagakis Big, 3IT.

BucHosKu. ®nyopecueHT-KepoBaHa Xipypria € nepcnekTMBHUM i HOBUM NiAXo4om ANA NiaTBepaKeHHs sK 3IT,
TaK i npuwmMTONoAibHMX 33103, AKMI KpaLle 3acTocoByBaTH 3 Taknm dayopodopom, Ak ICG. PayopecLeHT-KepoBaHa
Xipypria po3rnafaeTbea AK AOAATKOBUIN IHCTPYMEHT 40 NifBepAKeHHA Heo36poeHNM okom 31T i NpULWMTONOAIGHMX
3a5103.

Kno4oBi cnoBa: npuwmTonogibHi 3an103M, 3BOPOTHIN TrOpTaHHWI HepB; (OOPEcUEeHT-KepoBaHa Xipypris;
dnroopecueHLis B 6MKHIM iHPppauyepBHOHIM AiNAHLI; iHAOUIAHIH 3en1eHn.

THE ROLE OF FLUORESCENCE-GUIDED SURGERY FOR THE VERIFICATION OF PARATHYROID GLANDS AND
RECURRENT LARYNGEAL NERVES IN THE NEAR INFRARED SPECTRUM

Dinets A. V., Gorobeiko M. B.

Abstract. Introduction. Damage to the reccurent laryngeal nerve (RLN) and parathyroid glands might be a severe
complication of thyroid and parathyroid surgeries. Fluorescence-guided surgery is a method that involves the use of
contrast agents and fluorophore signal identification devices for intraoperative visualization of anatomical structures.
Currently, there is a need to develop and to implement in routine clinical practice new tools for improvement of the
intraoperative identification and verification of parathyroid glands and RLN.

Aim. The aim of the study was to evaluate the role of fluorescence-guided surgery using two different imaging
systems and indocyanine green to identify the RLN and parathyroid glands during operations for benign and
malignant thyroid and parathyroid tumors.

Object and methods. A 131 patients were identified for the study with benign and malignant neoplasms of the
thyroid and parathyroid glands. All operations were performed using the capsule dissection technique. Parathyroid
glands were identified with the naked eye, followed by analysis of the operative field using one of the available
imaging systems to detect near infrared (NIRF) signal. Indocyanine green was used as a fluorophore.

Results. ldentification of parathyroid glands by using NIRAF signals was combined with indocyanine green
fluorophore intravenous administration in 102 (78%) patients. In all these cases, a uniform distribution of the signal
in the NIRAF was determined. RLN did not show a signal without indocyanine green. But after the injection of
contrast indocyanine green, a clear signal was obtained in all 131 (100%) cases from RLN.

Conclusions. Fluorescent-guided surgery is promising and novel approach for the confirmation of both RLN and
parathyroid gland, which is better to apply with fluorophore such as indocyanine green. Fluorescent-guided surgery
is considered as an additional tool to the naked eye conformation of the RLN and parathyroid glands.

Key words: parathyroid glands, recurrent laryngeal nerve; fluorescence-guided surgery; near-infrared fluores-
cence; indocyanine green.
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