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Abstract

Hyperparathyroidism (primary, secondary and tertiary) is a common endocrine disease, often occurring with pronounced symptoms, in most
cases caused by adenoma (rarely several adenomas) in primary hyperparathyroidism (pHPT) and chronic renal failure in patients on programmed
hemodialysis with secondary (sHPT) and tertiary (tHPT) hyperparathyroidism. To date, the only radical treatment for hyperparathyroidism (HPT)
is surgical removal of pathologically altered parathyroid glands. In this regard, there is a need to improve diagnostic search algorithms, including
intraoperative ones, for altered parathyroid glands. The main objective of the review is to study current trends and techniques of intraoperative
imaging of the parathyroid glands, compare these methods and evaluate their effectiveness. The use of qualitatively new technologies for the topi-
cal diagnosis of altered parathyroid glands, such as identification by autofluorescence in the near infrared spectrum (NIRAF), the technique of using
indocyanine green (ICG) and 5-aminolevulinic acid under UV radiation, make it possible to visualize the localization of the parathyroid glands with
more than 90% accuracy. However, the issue of their priority use remains open and unresolved.
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Pesiome
[unepnapatpeo3 (nepBUYHBINA, BTOPUYHBIA M TPETUYHbIN) — PacnpoCTpaHeHHOe SHAOKPUHHOE 3abofeBaHve, 4YacTo npoTeKkawliee ¢
BblPaXXe€HHOW CYMMTOMATVKOWN, B GOMbLUMHCTBE Cly4yaeB OOyCNOBIEHHOE afleHOMOW (peXke HeCKONbKUMU afieHoMamu) Npu nepBUYHOM
runepnapatipeose (NITIT) 1 XPOHUYECKON MOYeYHOW HEeJOCTaTOYHOCTbIO Y MaLMEHTOB Ha NPOrpaMMHOM remMofuanuse npv BTOPUYHOM
(BIMIT) n TpetnyHom (TITIT) runepnapaTupeose. Ha cerogHAWHWI AeHb eAWHCTBEHHbIN PaguKaibHbI METOA NIeYeHUA rnepnapaTmpeosa
(TMAT) - xupypruyeckoe ypaneHve NaToNIOrMYECKN M3MEHEHHbIX MapalUTOBUAHbLIX Xene3. B 3Toi cBA3M BO3HWKaeT HeobXOAUMOCTb
COBEpPLIEHCTBOBAHMA aIrTOPUTMOB AVMArHOCTUYECKOTrO NMOUCKa, B TOM YMCIe NHTPAoNepaLiOHHOIO, N3MEHEHbIX NapalUTOBUAHBIX Kenes.
OcHoBHas 3afjaya 0630pa — N3y4nTb COBPEMEHHbIE TEHAEHLMM 1 METOAMKI UHTPAONEePaLMOHHO BI3yann3aLmm napawmToBUAHbIX XKenes,
CPaBHUTb AaHHble Cnocobbl 1 OLUeHWUTb UX 3PeKTUBHOCTb. [pMMeHeHNe KayeCTBEHHO HOBbIX TEXHONMOTUA TOMMYECKON AMArHOCTUKM
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MN3MEeHEHHbIX NMapaLLMTOBMAHBIX >Kee3, TakuX Kak ngeHtudukaumusa nytem aytodnioopecueHuuy B 6nmskom nHdpakpacHom cnektpe (NIRAF),
MEeTOAVKa MCMoNb30BaHUA NHAoUMaHnH-3eneHoro (ICG) n 5-aMrHONEeBYNMHOBOW KMCIOTbl nMpu YO-n3nyyeHnn nos3sonsoT ¢ 6onee yem
90% TOUHOCTbIO BU3yany3vpoBaTh JIOKaNM3aLmio NapalnToBUaHbIX xenes. OgHako BONpPOC VX NMPUOPUTETHOIO MCMOJb30BaHKSA OCTaeTCs

OTKPbITbIM 1 He peLleHHbIM.
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Introduction

Today, primary hyperparathyroidism (pHPT) after
diabetes mellitus and thyroid diseases is the third
most common disease of the endocrine organs, which
occurs in 1% of the world's population [15]. Chronic
kidney disease in the terminal stage is the cause of
secondary hyperparathyroidism (sHPT) and tertiary
hyperparathyroidism (tHPT), which is associated with a
violation of phosphorus-calcium metabolism, altered
metabolism of cholecalciferol due to a violation of its
hydroxylation in the affected kidneys [1]. In this case,
the secretion of parathyroid hormone (PTH) becomes
independent of the concentration of calcium and
phosphate ions. Together, this leads first to sHPT, and
then to tHPT, which is expressed morphologically in the
formation of autonomous hyperfunctioning adenomas
of the parathyroid glands (PTG). Drug therapy of HPT in
the form of taking drugs that suppress the synthesis of
PTH from the cinocalcet group is quite effective in the
early stages of sHPT, but has a number of significant
drawbacks: 1) high cost; 2) the effectiveness does not
extend to pHPT, tHPT and long-term persistent sHPT.
Thus, surgical treatment remains the only effective
treatment option for the latter category of patients [1].

Despite the fact that PTG surgery has been
developing since the mid-20th century, generally
accepted indications for parathyroidectomy are
accepted only for pHPT; a unified and standardized
surgical method, volume, and timing of the intervention
for sHPT and tHPT have not yet been developed [1, 2,
3]. The most commonly used approaches are subtotal
parathyroidectomy and total parathyroidectomy with
autotransplantation. Thus, the analysis conducted
by Triponez et al. proves a confident decrease in PTH
levels in the postoperative period in patients with
total parathyroidectomy, in contrast to patients who
underwent subtotal resection [2]. Rothmund et al. also
found a low rate of hyperparathyroidism recurrence
in patients who underwent total parathyroidectomy
with autotransplantation [3]. It is worth noting that
autotransplanted PTG tissue will not function fully

until it undergoes neovascularization, so transient
hypoparathyroidism is more common and pronounced
after such radical operations than after subtotal
parathyroidectomy. Autotransplantation of PTG can also
fail and lead to long-term hypoparathyroidism [4].

For adequate parathyroidectomy, a clear
understanding of the PTG localization is necessary.
Preoperative PTG visualization techniques such as
ultrasound and PTG scintigraphy have not lost their
importance to this day. Overweight patients, recurrent
HPT, multiple lesions, atypical parathyroid gland location
can reduce the accuracy of these methods. All these
disadvantages are inherent in intraoperative ultrasound
and gamma detection [5,6]. In this review, we discuss
in detail the issues of intraoperative fluorescence
navigation of the PTG when all available preoperative
diagnostic methods have been exhausted.

One of the first methods of visual navigation of the
PTG was the intravenous administration of a methylene
blue solution in the preoperative period with the
development of blue staining of the PTG [7]. However,
according to a number of authors, methylene blue stains
less than half of all PTG [8], and in some cases can lead to
the development of acute neurological disorders [9,10].
Today, this technique is not used due to the above-
mentioned shortcomings.

Theuseofindocyaninegreen (ICG) asafluorescent dye
has attracted the attention of surgeons due to its ability
to improve the visualization of anatomical structures.
ICG was first synthesized in 1955 and was initially used
in ophthalmology to assess vascular perfusion. One of
the first significant studies devoted to the use of ICG in
PTG surgery was a study conducted in 2016 by Fortuny
et al. [11]. Richard et al. showed that the use of ICG
significantly increases the accuracy of PTG identification
compared to traditional visualization methods and
reaches, according to the authors, 94%. This is especially
important in cases where the anatomical position of
the glands may vary [12]. Raffaelli et al. found that the
use of ICG in parathyroidectomy reduces the number
of complications (persistent hypoparathyroidism up
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to 9%, persistence of HPT up to 5%) [13]. However, this
method also has its drawbacks in use: 1) the need for
appropriate fluorescence imaging systems, which are
not available in most medical institutions; 2) reduced
efficiency of ICG imaging in cicatricial and tumorous
changes in the anatomic location of the PTG; 3) the
need for expensive training of medical staffl in the ICG
imaging technique. The most important advantage of
ICG over other techniques is the ability to determine the
preservation of PTG vascularization with 99% sensitivity.
This helps to determine which glands are functioning
normally, which is important for improving calcium
control after surgery [14, 15, 16, 17, 18, 19]. Fortuny et
al. demonstrated that ICG angiography can reliably
predict PTG vascularization and eliminate the possibility
of persistent hypoparathyroidism. Using this technique
in 13 patients with HPT, it was possible to visualize all 4
PTGs in all cases. A correlation was obtained between
perfusion of the parathyroid remnant and its function in
the postoperative period [20].

In 2012, Chissov V.l. et al. proposed a method for
intraoperative identification of parathyroid gland using
derivatives of 5-aminolevulinic acid (5-ALA) (Patent of the
Russian Federation No. 2458689 Chissov V.l. et al., 2012).
The method is based on the 5-ALA oral administrastion
in the preoperative period at a dose of 30 mg/kg of body
weight and a surgery performed 120-180 minutes after
administration with irradiation of the surgical field with
polarized blue light [21]. According to the results of the
study by Dolidze et al., conducted as part of a study of
the pre-, intra- and postoperative period of surgical
treatment with intraoperative visualization in patients
with PTG adenomas, it was proven that visualization of
the PTG was achieved in 94% of patients. Normalization
of ionized calcium levels was also noted within 6 months
in 100% of patients, a decrease in PTH levels by more
than 50%, and due to clear visualization of the PTG, no
recurrent nerve injury was recorded in any of the cases.
According to the authors, this approach significantly
improves the results of surgical treatment of solitary PTG
adenoma in patients with pHPT [22].

In 2020, Zinchenko S.V. et al. described a technique
similar to the technique described by Chissov V.I. et al.
(Patent of the Russian Federation No. 2019142608). The
authors reported that high doses of the drug (10 mg/
kg body weight of 5-ALA when administered orally) are
not required for adequate parathyroidectomy in patients
with sHPT and tHPT, since the excretion of 5-ALA is
significantly slowed down in dialysis patients [23]. The
promise of this visualization method is undeniable
and many studies confirm this thesis. Kalashnikov A.A.
et al. conducted a study in which they compared the
technique of using 5-ALA in patients with parathyroid
adenomas, 95% of which were visualized [24]. Vshivtsev
D.O. et al. in their study of intraoperative visualization of

the PTG using 5-ALA demonstrated that the fluorescence
intensity of altered and hyperfunctioning glands was
subjectively higher than that of unchanged glands. In
all patients in the sample, the PTH level decreased to
normal values within 24 hours after surgery. However,
the authors of the study noted the development of a
phototoxic reaction was detected in 2 patients with
oral administration of 5-ALA at a rate of 30 mg/kg body
weight [25].

The most “young” method of PTG visualization is
near infrared autofluorescence (NIRAF). In 2011, Paras
et al. presented a new technique for PTG detection in
the near infrared range. The study demonstrated that
the fluorescence intensity of PTG is higher than that of
thyroid tissue [26]. In 2014, MacWade et al. presented the
possibility of PTG visualization in the near infrared range
using a modified Karl Storz camera [27]. Subsequently,
a number of studies confirmed these findings that
near infrared fluorescence can help in detecting PTG
tissue during thyroid surgery. Early studies using near-
infrared fluorescence imaging allowed surgeons to scan
the surgical field for parathyroid tissue using a camera
with a 25 cm field of view, but this requires turning off
the operating room lights due to interference between
ambient light and the light emitted by the intrinsic
fluorophores of the PTG [28,29]. Despite the interest of
surgeons in developing the technique, research studies
arelimited by small patient samples.Rossietal.conducted
a study on the use of NIRAF in parathyroidectomy
in 11 patients with primary hyperparathyroidism.
Histopathologic examination of 15 resected specimens
confirmed 14 PTG adenomas and one schwannoma.
All adenomas had a heterogeneous NIRAF pattern,
distinct from the homogeneous pattern seen in the
schwannoma. A bright "cap" was detected in 9 of 14
(64.3%) PTG adenomas, which proves the high efficiency
of the method [30]. A large monocentric prospective
study by Akgun et al., which examined NIRAF images in
1506 normal and 597 altered PTG, indicates that there
are differences between the luminescence intensity
of normal and hyperplastic PTG glands [31]. Despite
the high sensitivity and accuracy (92-99%) declared by
the authors, cases of negative use of the method have
been described. Thus, small adenomas can be verified
by the surgeon as normally functioning PTGs. Lee et al.
in their study examined NIRAF data in patients with a
history of parathyroidectomy. From 2017 to 2021, 151
parathyroidenomas were removed from 131 patients
with pHPT. The mean intensity of PTG autofluorescence
in the near infrared range had a negative correlation with
the weight of patients and a positive correlation with
age (glands in elderly patients fluoresced more strongly).
However, no correlations were found with the level of
calcium in the blood before surgery, PTH, BMI, or gender
[32].
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Ta6nuua 1.

CpaBHeHNe MeTOAUK UHTPpaonepaLMoHHOW BU3yanm3aLmm napawmMToBUAHbIX Kenes

Table 1.

Comparison of intraoperative imaging techniques for parathyroid glands

MeToguka

MeTnneHoBbIn
CUHWUI
[7,8,9,10]
Methylene blue
[7,8,9,10]

ICG
[11-20]
ICG
[11-20]

5-AJIK
[21-25]
5-ALA
[21-25]

NIRAF
[26-32]
NIRAF
[26-32]

Mpenmywecrea

[ocTaTouHOo yeTKas
BM3yanu3auus.
Sufficiently clear
visualization.

YnyulieHHas naeHTnduKauus
aHaTOMUYECKUX CTPYKTYP.
CHWKeHue pucka nocne-
onepaLoHHbIX OCIOXHEHWIA.
MHTpaonepaunoHHasa oLeHKa
BacKynApr3auum.
MwuHMMK3aLmMA MHBa3NBHOCTU
1 COKpaLLeHne BpemMeHy
onepauuu.
Improved identification of
anatomical structures.
Reduced risk of postoperative
complications.
Intraoperative assessment of
vascularization.
Minimization of invasiveness
and reduction of surgical time.

BbicoKkm ypoBeHb MHTpa-
onepaLynoHHON BU3yanu3auuu.
Busyanusauma runep-
nnasupoBaHHbIX MK BbiLwe,
YeM Y HOPMaJSibHbIX.
OTHOCUTENBHO HU3KNIN
NPOLEHT OCNTOXKHEHWI,
MUHUMI3ALMA MHBA3NBHOCTY,
oNTYMU3aLVA BPEMEHU
onepauumn.

High level of intraoperative
visualization.
Visualization of hyperplastic
PTG is higher than that of
normal ones.
Relatively low percentage of

complications, minimization of

invasiveness, optimization of
surgical time

[Ona susyanusaumn MK He
HY>»eH KOHTPaCT.
CpaBHuTeNnbHO 6osbLuan
ry6rHA MPOHVKHOBEHUS
cnekTpa.
Bu3ya-nu3auua He 3aBUCUT OT
MaToNOrMYeckoro cTaTyca.
OTcyTcTBYIE MOBOYHBIX
3¢ deKTOB.

No contrast needed for PTG
imaging.
Relatively large spectrum
penetration depth.

Visualization is independent of

pathological status.
No side effects.

HepoctaTkm

MoxeT nprBOAUTb K
pa3BUTHIO OCTPbIX HEBPO-
NOTMNYECKNX HapyLLIEHNI

nocre onepauuu.
Can lead to the development
of acute neurological
disorders after surgery.

Bo3moxeH purck Bo3-
HVKHOBEHWSA annepruyeckom
peakLuu y NauyeHToB ¢
anneprvemn Ha nog.

[ina npoBefeHna METOANKMN
TpebyeTca cneymnanbHoe
o6opynoBaHue.
Bo3morkHO orpaHuyeHve
BU3yanv3auuu npu
HanMuyn aHaTOMUYECKNX
0cobeHHOCTEN.
Possible risk of allergic
reaction in patients with
iodine allergy.

Special equipment is required
to perform the technique.
Visualization may be limited
in the presence of anatomical
features.

OrpaHuyeHHas JOCTYNHOCTb
Hannuve Bo3moxHoro
OC/IOXXHEHVA B BUAE
doTopepmaTo3oB
TpebyeT 0cobbix ycnosuii
NpOBeAeHNs, yYeTa BpeMeH!
BBEJeHVA npenapaTa
Limited availability
Presence of a possible
complication in the form of
photodermatoses
Requires special conditions
for implementation, taking
into account the time of drug
administration

OrpaHunyYrBaeT OLeHKY
nepdy3sun MLRK.
TpebytoTca ocobble ycnosua
OCBelLLeHNsA BO Bpems
onepauumn.
Bbicokme skoHOMMuyecKkme
3aTpaTbl, HeCOBEPLUEHHOE
obopynoBaHue.
Limits PTG perfusion
assessment.
Requires special lighting
conditions during surgery.
High economic costs,
imperfect equipment.

50

Cneun- TouyHOCTb

$dunyHOCTL

YyBscTBU-
TENIbHOCTb

YyscTBUY- - -
TeNnbHOCTb 46%
Sensitivity
46%

85%-100% 90%-100% 93%-98%

85%-95% 90%-98% 88%-95%

85% 80%-90% 90%-95%
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The resulting data on the comparison of existing

methods of intraoperative visualization of the PTG are
presented in Table 1.

Conclusion

The main method of treating HPT (primary, secondary

and tertiary) remains surgical. Even for an experienced
surgeon, visualization of the PTG and their complete
removal is often an impossible task. Despite the large

number of scientific papers on the topic of intraoperative
navigation of the PTG, the cheapest and most effective
method of fluorescent visualization of the PTG are
techniques using 5-ALA. They do not require the purchase
of expensive equipment and fluorescent agents, and are
associated with low rates of side effects and complications.
Further research on this issue is necessary in order to
minimize side effects and improve the effectiveness and
safety of surgical treatment of pHPT, sHPT and tHPT
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