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Abstract
The role of prophylactic central neck dissection in patients with differentiated thyroid cancer without clinically evident lymph node involvement
remains controversial despite its importance for staging and risk stratification. In this context, intraoperative lymphatic mapping may provide an
opportunity to reduce the extent of surgical intervention.
The study included 125 patients with cNO differentiated thyroid cancer who underwent thyroidectomy or hemityroidectomy. Central neck
dissection was performed in 98 patients, while 27 patients underwent fluorescence-guided lymphatic mapping using indocyanine green with
selective lymph node removal. The mean number of removed lymph nodes was significantly lower in the ICG group (3.67 vs 10.3; p < 0.001), while
the rate of metastatic node detection did not differ between groups (33.3% vs 34.7%; p = 0.62). The incidence of transient hypoparathyroidism was
comparable (14.8% vs 13.3%; p = 0.74), whereas permanent hypoparathyroidism was observed only in the central neck dissection group (17.3% vs
0%; p = 0.02). However, in the subgroup of patients undergoing thyroidectomy, no difference in transient hypoparathyroidism was found (15.5%
vs 15.4%; p = 1.00). Permanent recurrent laryngeal nerve palsy occurred in 4.1% of patients in the control group and was not observed in the ICG
group.
These findings suggest that fluorescence-guided lymphatic mapping allows selective lymph node removal with a reduced extent of dissection
while maintaining a comparable rate of metastatic detection. The differences in postoperative complications appear to be primarily related to the
extent of surgery. Further studies are required to evaluate the diagnostic accuracy and long-term outcomes of this approach.
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Pesiome

LlenecoobpasHocTb NpodunakTmyeckon LeHTpanbHon nMMbageH3KTOMUM y NaunMeHToB ¢ AnddepeHLMpoBaHHbIM PAaKOM LUUTOBULHOM Xe-
ne3bl (LK) 6e3 KNMHUYECKMX MPU3HAKOB MOPaX}eHUA NMMaTNYECKMX y3/10B OCTAETCA NPeaMeTOM ANCKYCCUM, HECMOTPA Ha eé 3HaueHne AnA
YTOUHEHUA CTaAuK 3aboneBaHnA 1 cTpaTudUKaLMM prcka peLrarBa. B cBA3M ¢ 3TMM NpeacTaBnaloT MHTEPEC METOAbI MHTPaonepaLioHHOTO
KapTMpOBaHUA TMMbaTUYECKOro OTTOKa, MO3BOJIAIOLME OFPAHNYNTL OOBEM XMPYPrYECKOro BMeLlaTenbCTaa.

B nccneposaHme BkaouyeHo 125 nauneHtoB ¢ cNO guddepeHumnpoBaHHbiM pakom LXK, koTopbim 6bina NnpoBefeHa TMPEOUAIKTOMUA MO0
reMmuTpeonasKToMuA. Y 98 naLMeHTOB BbIMOMHEHA LIeHTPasbHas NnuMbafeHsKToMus, y 27 — dryopecLeHTHOe KapTupoBaHue numoatnye-
CKOFO OTTOKa C MCMOJIb30BaHNeM MHAOLMaHrHa 3enéHoro (ML3) c nocnegyiolwnm cenekTnBHbIM yaaneHnem numoatnyeckumx ysnos. CpegHee
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UMCNI0 yAANEHHBIX NMMPaTUUECKMX y3110B 6bi1o HuKe B rpynne UL3 (3,67 npotus 10,3; p < 0,001), npu 35TOM YacToTa BbIABIEHNA MeTacTaTUye-
CKOTO MOpaXKeHWs CTaTUCTNYECKN He pa3nnyanach (33,3% u 34,7%; p = 0,62). YacToTa TpaH3MTOPHOTIO rnomnapaTtpeosa Gbisia ConocTaBUMOoi
mexay rpynnamu (14,8% n 13,3%; p = 0,74), Torga Kak MOCTOSIHHBIN MNOMNapaTnpeo3 OTMeYEH TOJIbKO B Fpynne LeHTpanbHON MMMdageH3KTo-
mun (17,3% npotus 0%; p = 0,02). Mpwn aHann3e NauMeHTOB, NepPeHeCLINX TUPEOUAIKTOMMIO, Pa3fINinA B YaCcTOTE TPAH3UTOPHOrO r1nonapa-
TUpeosa otcyTcTBoBanu (15,5% un 15,4%; p = 1,00). [oCTOAHHbI Nape3 BO3BPAaTHOroO roOpTaHHOTO HepBa OTMeYeH Y 4,1% nauyeHToB B rpynne
LA v He Habnogancs B rpynne WLL3.

MonyyeHHble JaHHble CBUAETENILCTBYIOT O BO3MOMHOCTY BbINOMIHEHNA CENIEKTVBHOTO yAaNeHNA NMMdaTUYeCcKmnX y3510B Ha OCHOBaHWW pe3yb-
TaToB (pNyOPECLIEHTHOTO KapTVPOBaHWA ANA CTaANPOBaHNA 3aboneBaHnsA 11 onpefeneHns nocieonepaLmoHHOro IeYeHnsa 6onbHbIX. Pas-
JINYNA B YACTOTE OC/IOXKHEHNI, BEPOATHO, CBSA3aHbl C 06BEMOM XMPYPI1MYECKOro BMeLlaTenbCTaa. s OueHKN ANarHoCTUYeCKor TOYHOCTU
MeTofa 1 ero BAVAHNA Ha OTAANIEHHbIE pe3ysibTaTbl HEOOXOAMMbI AaNbHeNLLNe UCCIE[0BaHMA.

KnioueBble cnoBa: anddepeHUMpoBaHHbIV PaK LUTOBUAHON »Kene3bl, MHAOLMAHWH 3eNéHbll, pryopecLieHTHasA BU3yanm3auus, nuMeaTnye-
cKoe KapTrpoBaHuie, IMM$oancceKL s, TMPEOVAIKTOMUA.
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Introduction

Differentiated thyroid cancer (DTC), which includes
papillary thyroid carcinoma (PTC), follicular carcinoma,
and oncocytic carcinoma, accounts for more than 90%
of all malignant neoplasms of the thyroid gland (TG) and
represents the most common form of endocrine cancer
[1]. In recent decades, a steady increase in the incidence
of DTC has been observed in many countries worldwide
[2,3]. According to GLOBOCAN 2020, more than 580,000
new cases of thyroid cancer are registered annually
worldwide [2]. In the Russian Federation, approximately
12,000 new patients are registered annually [4]. Despite
a high 10-year survival rate exceeding 90%, disease
recurrence can be detected in a significant proportion of
patients and is generally dependent on the number of
affected lymph nodes in the central compartment [3,5].
According to surgical and pathomorphological studies,
involvement of regional lymph nodes is detected in 30—
80% of patients with DTC in the absence of clinical signs
of their involvement, with the frequency substantially
depending on the extent of lymph node dissection and
the thoroughness of morphological analysis [6,7]. The
central compartment (paratracheal lymph nodes or level
V) is the most common site of primary metastasis [6].

Given the high frequency of lymphogenous metastasis,
the need for prophylactic central lymph node dissection in
the absence of clinical signs of regional lymph node invol-
vement (cNO) has been widely discussed in recent years.
On the one hand, prophylactic central lymphadenectomy
allows for accurate disease staging. At the same time,
a number of studies have shown that performing
prophylactic central lymph node dissection does not
lead to a significant improvement in long-term treatment
outcomes [8]. Prophylactic central lymph node dissection
is falling out of routine practice, as its performance may
be accompanied by an increased risk of postoperative

complications, primarily hypoparathyroidism and recurrent
laryngeal nerve (RLN) injury [9].

In current guidelines for the management of patients
with DTC, a key role is given to stratifying the risk of disease
recurrence. According to the American Thyroid Association
(ATA, 2025) guidelines, the assessment of local recurrence
risk is based on a combination of clinical and morphological
factors, including the size and location of the primary tumor,
the presence of extrathyroidal extension, histological
features of the tumor, and the status of regional lymph
nodes [1]. Based on these data, patients are stratified into
low-risk, low-intermediate risk, intermediate-high risk,
and high-risk of recurrence groups, thereby determining
postoperative treatment or observation strategies. One
of the main criteria for risk stratification is histologically
confirmed lymph node involvement.

Routine abandonment of central lymphadenectomy
may lead to underestimation of regional metastasis status
and incorrect choice of postoperative management stra-
tegy. In turn, this may lead to an increased rate of recurrence
or disease progression. Of particular interest is the use
of lymphatic drainage mapping techniques. Identifying
lymph nodes involved in the lymphatic drainage from the
tumor could potentially contribute to a more accurate
assessment of the regional extent of the tumor process
without increasing the rate of postoperative complications.

One of the current directions in the development
of intraoperative navigation is the use of fluorescence
diagnostics with indocyanine green (ICG). After injection
of the dye into the thyroid tissue, it binds to proteins in
the interstitial fluid and plasma and spreads through the
lymphatic vessels, allowing visualization of lymphatic drai-
nage using a near-infrared fluorescence imaging system.

Aim of the study is to develop and investigate the ne-
cessity of a method for intraoperative fluorescence map-
ping of lymphatic drainage in differentiated thyroid cancer.
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Materials and Methods

An open prospective study with a retrospective
control group was conducted at the N.N. Burdenko Clinic
of Faculty Surgery.

For intraoperative mapping of lymphatic pathways,
0.1 mlof ICG (0.5 mg/ml; Fig. 1) was injected into the thyroid
tumor under ultrasound guidance 15 minutes before the
skin incision. After completion of the main stage of the
operation - thyroidectomy or hemithyroidectomy - the
regional drainage zones were identified using a Stryker
SPY-PHI near-infrared fluorescence imaging system
(Fig. 2). The intraoperative photograph shows fluorescence
of lymphatic vessels and regional lymph nodes (marked
with a square) in the near-infrared range. The collector
or tissue containing lymph nodes draining the injection
zone was identified. The identified area of tissue with
lymph nodes was excised. The removed thyroid gland or
thyroid lobe with the selectively excised tissue was sent
for routine histological examination. Based on the results
of the routine histological examination, the postoperative
clinical diagnosis was formulated, the disease stage was
determined, the further treatment plan was established,
and the follow-up program was defined.

Inclusion criteria for patients in the study:

1. Newly diagnosed DTC: category VI or V according
to the results of a cytological examination of the
punctate nodule according to the Bethesda System
with a normal level of calcitonin in the blood.

2. StagesT1-T3 according to the TNM classification 9th
edition.

3. Absence of clinical signs of metastasis — cNO, cMO.

4. Planned surgical treatment - thyroidectomy or
hemithyroidectomy.

Puc. 1. Ynstpa3BykoBas ckaHorpamma. Beepgenune UL3 B ony-
xonb LXK noa koHTponem Y3WU.

Fig. 1. Ultrasound scan. Intratumoral ultrasound-guided injection
of ICG.

Puc. 2. MNyt1 numdaTtnyeckoro otToka nocne seegenuns ULL3.
Fig. 2. The pathways of lymphatic outflow after the introduction
of ICG.

5. Patient age from 18 to 75 years.

6. Signed informed consent to participate in the study.

Non-inclusion criteria:

1. Recurrent forms of thyroid cancer.

2. Presence of regional and distant metastases -
N+ and/or M+.

3. Allergic reactions to ICG in history.

4. Pregnancy and lactation period.

5. Severe concomitant diseases: chronic heart failure
class lll-1V, renal failure.

Exclusion criteria:

1. Absence of signs of a malignant process according
to the results of postoperative histological exami-
nation.

2. Cancertype confirmed by postoperative histological
examination that is not DTC.

3. Patient's refusal to continue participation in the
study.

Results

The study included 125 patients operated on at the
Clinic of Faculty Surgery from 2023 to 2025. In 98 cases,
thyroidectomy or hemithyroidectomy was performed with
central lymph node dissection (CLND), and in 27 cases,
thyroidectomy or hemithyroidectomy was supplemented
with intraoperative lymphatic drainage mapping using ICG
followed by selective excision of lymph nodes (Table 1). The
mean age of patients in the CLND group was 47 (39-59)
years, and in the ICG group - 43 (33-45) years (p = 0.12). In
the CLND group, the proportion of men was 17.3%, in the
ICG group - 33.3%, no statistically significant differences in
sex were found between the groups (p =0.29).
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Thyroidectomy was performed in 71 (72.4%) patients
in the CLND group and in 13 (48.1%) patients in the ICG
group (p = 0.08). The mean number of removed lymph
nodes in the control group was 10.3 per patient, whereas
in the ICG group it was 3.67 (Mann-Whitney U test, ***p
<0.001). Metastatic lymph node involvement according
to histological examination was detected in 34 (34.7%)
patients in the CLND group and in 9 (33.3%) patients in
the ICG group (p = 0.62).

Transient  hypoparathyroidism  was  registered
in 13 (13.3%) patients in the control group and in 4
(14.8%) patients in the ICG group; the differences did
not reach statistical significance (p = 0.74). Permanent
hypoparathyroidism developed in 17 (17.3%) patients in
the control group and was not registered in the ICG group
(p = 0.02). Transient recurrent laryngeal nerve palsy was
detected in 16 (16.3%) patients in the control group and
in 2 (7.4%) patients in the ICG group (p = 0.32). Permanent
recurrent laryngeal nerve palsy was not registered in the
ICG group.

When analyzing the subgroup of patients who
underwent thyroidectomy, transient hypoparathyroidism
was registered in 11 (15.5%) out of 71 patients in the CLND
group and in 2 (15.4%) out of 13 patients in the ICG group;
no statistically significant differences were found between
the groups (p = 1.00). Permanent hypoparathyroidism
developed in 17 (23.9%) out of 71 patients in the control
group, whereas no such complication occurred in the ICG
group; the differences did not reach statistical significance
(p = 0.061; Table 2). Permanent RLN palsy developed in 4
(4.1%) patients in the control group and was not registered
in the ICG group (p =0.57).

Discussion

Intraoperative fluorescence mapping of lymphatic
drainage may potentially be used for disease staging
in settings where prophylactic lymphadenectomy is
not indicated. At the same time, the rate of detecting
metastatic lymph node involvement did not differ
statistically between the groups. The comparable rate
of metastasis detection with a significant reduction in
the number of removed lymph nodes may indicate the
possibility of targeted removal of nodes specifically
involved in lymphatic drainage from the tumor. A similar
principle underlies sentinel lymph node biopsy. The
possibility of its application in PTC has been discussed
previously, including studies on the use of ICG for
intraoperative lymphatic mapping [9,10].

Although performing central lymph node dissection
increases the accuracy of staging and is used for recurrence
risk stratification [1], meta-analysis data do not confirm its
impact on long-term oncological outcomes. At the same
time, an increased rate of postoperative complications
has been noted [8,11], particularly hypoparathyroidism
and RLN palsy. With a comparable rate of postoperative

Ta6nauua 1
XapaKTepucTuKa naLlueHToB

Table 1
Baseline characteristics

MokasarTenb

Yucno HabnwogeHunn,

a6c¢. (%)

m
Bcero
In total ot 27 )
My>unH
Men 17(17,3) 9(33,3) 0,29
MNepeHecwnx
TUPEOVAIKTOMMIO 71(72,4) 13 (48,1) 0,08
Thyroidectomy
Conyxonbto T1
T1 tumor 67 (68,4) 21(77,8)
C onyxonbio T2
T2 tumor 12(12,2) 4(14,8) 0,29
Conyxonbio T3 19 (19,4) 2(7,4)
T3 tumor
Ta6nauua 2

XMpprVI‘-IeCKVIe pe3ynbrathbl U nocneonepauuoHHbIe
OCNOXHEeHMUSA

Table 2
Surgical outcomes and postoperative complications

Yucno HabnogeHunn,
ab6c¢. (%)
MokasaTtenb
98 27

Bcero
In total

MeTacTasbl

B NMMdoy3nax
Lymph node
metastases

TpaH3nTOpPHbIN
rmnonapaTtmpeos
Transient
hypoparathyroidism
[MaumeHTOB

C MOCTOAHHbIM
rmnonapaTMpeo3om
Persistent
hypoparathyroidism
TpaH3nTOpPHbIN
napes BI'H

Transient paresis RLN

[ocToAHHbIN Nape3
BrH

Persistent RLN
paresis

34 (34,7) 9(33,3) 0,62

13(13,3) 4(14,8) 0,74

17 (17,3) = 0,02*

16 (16,3) 2(7,4) 0,32

4 (4,1) = 0,57

*pes3ynbTaT cTaTMCTMYeCKM 3HaumMm / the result is statistically
significant
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transient hypoparathyroidism, the rate of permanent
hypoparathyroidism and the rate of postoperative RLN
palsy were significantly lower in patients who underwent
selective lymphadenectomy.

The use of ICG for intraoperative diagnostics is based
on detecting a signal in the near-infrared range, which
allows assessment of lymphatic drainage in real time.
The method does not require ionizing radiation and can
be integrated into the standard surgical protocol. At the
same time, its application is limited by the depth of signal
penetration and depends on the injection technique and
visualization conditions [12,13]. A significant technical
limitation of the method is the anatomically close location
of the injection site to the potential area of sentinel lymph
nodes. If the drug is injected incorrectly or if the thyroid
tissue is inadvertently damaged during surgery, the drug
may spread throughout the surgical field, making further
lymphatic system mapping impossible.

The obtained data allow considering fluorescence
mapping of lymphatic drainage using ICG as a potential

and accessible tool for disease staging in patients with
DTC without significantly increasing the extent of surgical
intervention.

Conclusion

Intraoperative fluorescence mapping of lymphatic
drainage using ICG represents a reproducible and
technologically accessible method that expands the
possibilities of intraoperative navigation in differentiated
thyroid cancer. The use of this method allows surgeons to
rely on individual lymphatic drainage characteristics and
perform selective removal of lymph nodes involved in
drainage from the tumor.

Thus, more accurate determination of the disease stage
is quite feasible using modern fluorescence mapping
methods without increasing the complication rate. The
identified differences in complication rates are likely
primarily related to the extent of surgical intervention.
Further studies are required for the final assessment of the
clinical significance of the method.
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