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Abstract

Introduction: There are a number of thyroid gland diseases that require surgical treatment. Therefore, it is important to improve the
surgical approaches and treatment tactics in patients that need such surgery.

Aim: To provide an algorithm to prevent parathyroid gland damage during surgery.

Materials and methods: This work was based on treatment results of 226 patients with different thyroid diseases. All patients received
extrafascial surgical interventions using modern methodological approaches. For prevention of postoperative hypoparathyroidism, we
used the “stress-test”, 5-aminolevulenic acid, and a method of double visual-instrumental registration of photosensitizer-induced fluo-
rescence of parathyroid glands.

Results: Transient hypoparathyroidism was registered in four (1.8%) cases after surgery. Permanent hypocalcemia in patients was not
recorded. Autotransplantation of parathyroid gland was required only in one case (0.44%). A deficiency or low level of vitamin D was
detected in 35% of the cases, and in the majority of those cases, it was due to secondary hyperparathyroidism. The deficiency was cor-
rected with the administration of vitamin D in all cases. In 10.17% (23 patients) of cases, there was no proper visual glow effect after ad-
ministration of 5-aminolevulinic acid (5-ALA), which required proceeding to the second part of the proposed method (a helium-neon
laser and registration of fluorescence using a laser spectrum analyzer).

Conclusions: The proposed methodological approach allows prevention of persistent hypoparathyroidism and reduces the frequency of
transient hypoparathyroidism and other complications in surgical treatment of patients with various thyroid gland diseases.
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INTRODUCTION

Consequently, the parathyroid glands can be damaged,
removed, or devascularized during endocrine surgeries,

A number of thyroid gland diseases require surgical inter-
vention. In such cases, it is important to use improved sur-
gical approaches and treatment strategies for those patients
who require such surgery.['?) The health-related quality of
life directly depends on the method and technique of the
surgical procedures.>* The latter, unfortunately, are still
accompanied by the development of various complications.

leading to postoperative complications.l”) Postoperative
hypoparathyroidism is the most frequent complication in
thyroid surgery that can be prevented.l®”] Despite the ap-
parent progress in thyroid surgery and the emergence of a
number of modern methods, the frequency of postopera-
tive hypoparathyroidism can reach up to 60% and leads to
decreased quality of patients life. (810
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AIM

Therefore, we present a study that analyzes the possibili-
ties to reduce the overall risk for parathyroid gland damage
during surgery.

MATERIALS AND METHODS

This study is a prospective cohort analysis of data obtained
from the Department of Endocrine Surgery in Botkin State
Clinical Hospital (Moscow, Russia). Two hundred twen-
ty-six patients were operated due to thyroid diseases be-
tween 2017 and 2021. The patients underwent a compre-
hensive examination of the thyroid and parathyroid glands
before operation. Laboratory analyses included serum ion-
ized calcium, parathyroid hormone, and vitamin D.

Postoperative hypoparathyroidism was prevented with
the use of a ‘stress-test’ and double visual-instrumental reg-
istration of photosensitizer-induced fluorescence of para-
thyroid glands according to an algorithm (Fig. 1).

We performed migratory (translocatable) 3 to 10 cm sur-
gical incision without crossing the neck muscles (Fig. 2A).
At the beginning of the operation, a special protective ster-
ile latex-gauze casing (Epic, Austria) was used to protect
the skin (Fig. 2B).

In order to provide the surgeon with sufficient working
space and allow migratory access with the correct position,
we used a special retractor system developed in our clinic
(Fig. 3).

It is important to note that we began every manipulation
of the thyroid gland after ligation and intersection of the
thyroid vessels. We started with mobilization of the upper
pole of the gland typically after clarifying the anatomical
landmarks. In special cases, we displaced the infrahyoid
muscles in the medial direction, but not in the lateral one.
After the mobilization of the upper thyroid pole, we moved
to the lower thyroid pole separately ligating the main
trunks and the smaller thyroid branches in the thyroid
capsule. To prevent postoperative hypoparathyroidism, we
identified the parathyroid glands along with the feeding
arterial branches. The integrity of the parathyroid glands
was preserved under visual control. The parathyroid glands
have their own capsule, feeding arteries (unlike the adipose
tissue), and soft, almost imperceptible consistency (unlike
the lymph nodes of the neck).

We used several additional methods to identify the para-
thyroid glands in addition to careful consideration of their
anatomical features. One of the tests was the ‘stress-test. It
is based on the sensitivity of epithelial cells to hypoxia and
traumatization. The tissue that is presumed to be the para-
thyroid glands is gently tapped (or ‘stroked’) by the tip of
a blunt tool. The color of the gland changes to darker one

==

( )
. J/

Figure 1. Algorithm for parathyroid gland preservation during operation. 5-ALA: 5-aminolevulinic acid.
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Figure 2. A. An intraoperative view of a minimal surgical incision; B. A view of a fixed protective casing.

with prominent vessels after 2-4 minutes. Furthermore,
this allowed to identify and preserve the vascular supply
(Fig. 4).

In complicated cases, the parathyroid gland was iden-
tified by registration of photosensitizer-induced fluores-
cence. This was achieved with the use of 5-aminolevulinic
acid (protoporphyrin precursor IX) which is a source of
polarizing blue light. The patients were given 5-amino-
levulinic acid (30 mg/kg of body mass diluted in 50-100 ml
of isotonic solution) two hours before operation. The
operated area of the parathyroid gland was irradiated with
blue light with a wavelength of 435-440 nm from a por-
table source at the appropriate stages of intervention. The
parathyroid gland would have pink fluorescence (Fig. 5A).
In the absence of a proper visual glow effect, a helium-neon
laser with a wavelength of 630-640 nm would light the sur-
gical area. The registration of fluorescence was performed
by graphical and digital methods using a laser spectrum
analyzer LESA-01-BioSpec (Figs 5B, 6).

In the final stage, the thyroid lobe was mobilized and
dissected in the area of Berry ligament with separation
and ligation of all vascular collaterals. After visualization
and preservation of recurrent laryngeal nerve and up-
per parathyroid gland, the thyroid lobe was carefully re-
moved. For the purpose of a precision approach, a magni-
fying technique was used with microsurgical instruments
(Figs 7A, 7B).

The functional state of parathyroid gland was exam-
ined after surgery by determining the level of calcium and
phosphorus in the blood. To examine the motility of the
vocal cords, all patients underwent laryngoscopy check-up
pre- and postoperatively. The cosmetic effect was evaluated
according to the patient and observer scar assessment scale
(POSAS v. 2.0).1] The volume of surgery performed on
patients with thyroid carcinoma was monitored by radio-
active iodine scintigraphy (Fig. 8).

Figure 3. Stages of thyroidectomy from migratory access using
the proposed retractor system.

Figure 4. Darkened upper parathyroid gland after the ‘stress-
test’
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Figure 5. A. Parathyroid gland fluorescence under magnification; B. Local spectrometry of the parathyroid gland.

Figure 8. Thyroid scintigraphy after thyroidectomy for papillary
cancer.
Figure 6. Registration of fluorescence by graphical and digital

method.

Figure 7. A. Dissection of Berry ligament with preservation of recurrent laryngeal nerve (1) and parathyroid gland (2); B. Preservation
of the lower parathyroid gland with a feeding vascular branch during central lymph node dissection.
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The study was approved by the ethical commission of
Russian Medical Academy of Continuous Professional
Education (No. 67/12.06.2016).

RESULTS

Hemithyroidectomy was performed in 76 (33.6%) patients,
and thyroidectomy in 103 (45.6%), while 28 (12.4%) cases
of thyroidectomy were followed by central lymph node dis-
section, and 19 (8.4%) — with neck dissection. The age of
the patients ranged from 18 to 78 years. The men/women
ratio was 1:8 (25/201).

Deficiency or low level of vitamin D was detected in 35%
of the cases and in the majority of cases, this was due to
secondary hyperparathyroidism. It was corrected with the
administration of vitamin D in all cases.

In 10.17% (23 patients) of cases, there was no proper
visual glow effect after administration of 5-aminolevulinic
acid, which required proceeding to the second part of the
proposed method (helium-neon laser with registration of
fluorescence using a laser spectrum analyzer).

There were 68 (30.1%) cases of nontoxic multinodular
goiter, 37 (16.4%) cases of diffuse toxic goiter, 64 (28.3%)
cases of thyroid adenoma, and 57 (25.2%) cases of thyroid
cancer. Twenty-six patients (10.2 %) had retrosternal lo-
cation of a part of the thyroid gland, and 19 (6.3%) were
previously operated. The patients with thyroid cancer were
found to have papillary thyroid carcinoma in 32 (14.2%)
cases, follicular carcinoma in 21 (9.3%) cases, and medul-
lary thyroid cancer in 4 (1.8%) cases. Where it was neces-
sary, preoperative correction of thyrotoxicosis was carried
out. Extrafascial interventions were performed after a com-
prehensive examination.

There were no cases of bleeding, laryngeal paralysis,
wound suppuration, and no recurrence of the disease. Sev-
eral patients had serum calcium deviations. On the first
day, 61 (27%) patients showed a decrease in the level of ion-
ized calcium within the reference values (level of ionized
calcium 1.12-1.32 mmol/], total calcium 2.2-2.56 mmol/1)
without clinical manifestations. They did not require medi-
cal correction. Twenty-three (10.17%) patients had asymp-
tomatic transient hypocalcemia (ionized calcium level 1.0-
1.12 mmol/], total calcium 1.9-2.1 mmol/l). These patients
were prescribed calcium carbonate (1-2 g/day) and 1-hy-
droxycholecalciferol (0.5-1 pg/day). The treatment was
stopped after normalization of the calcium level (within 3
to 10 days).

Four (1.8%) patients developed hypocalcemia with clin-
ical manifestations in the form of paresthesia of the fingers
of the hands (the level of ionized calcium 0.8-1.05 mmol/l,
total calcium 1.8-2.1 mmol/l). These patients underwent
thyroidectomy with central lymph node dissection and had
atypical location of the parathyroid gland, which required
their complex microsurgical isolation or relocation while
preserving the feeding vascular structures. The parathyroid
glands in these patients were located in the thickness of the
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removed tissue, far from the usual areas of localization and
under the thyroid capsule. This group required a combi-
nation therapy (10% calcium gluconate 20-40 ml/day, cal-
cium carbonate 1.5-3 g/day) and 1-hydroxycholecalciferol
0.5-1.5 pg/day. Drug therapy was discontinued after con-
firmation of persistent normocalcemia at 3 and 5 weeks.

Therefore, four (1.8%) patients developed transient hy-
pocalcemia in the postoperative period, and no persistent
hypocalcemia was detected. At the same time, the cosmet-
ic result assessed by POSAS was excellent in 212 (93.8%)
patients.

DISCUSSION

The above-mentioned algorithm was especially important
for thyroid cancer (15.2% of patients) and in cases when
patients were previously operated (6.3% of patients). Per-
formance of lymph node dissection and surgery in the
presence of scars poses special risks for damage of para-
thyroid glands. In such cases, parathyroid gland should be
differentiated from other tissues, primarily from the fatty
tissue and neck lymph nodes, due to its visual similarity
It should be noted also that in 3 (1.3%) patients such an
arrangement of parathyroid glands was noted, when it was
possible to separate them from the removed tissues with
some traumatization, but preserving part of their feeding
vessels. It should be noted that hypoparathyroidism in
these patients was in all cases transient.

The methods we used during surgery have their advan-
tages and disadvantages. Their comparison is presented in
Table 1.

Surgery with the use of magnifying glasses is an acces-
sible and useful method during thyroid surgery. Magnifi-
cation glasses can be used to assist parathyroid dissection.
Although, this is a logical conclusion to use magnification
during dissection of small anatomical structures, there is
no clear data that there is decreased hypoparathyroidism
or reduced incidence of postoperative transient hypocalce-
mia. The use of magnification techniques to identify recur-
rent laryngeal nerves and parathyroid glands appears to be
as safe as direct vision.['?l Overall active search of the para-
thyroid gland is not recommended due to the increased
risk of gland lesion, mainly by devascularization.!!!

A promising technique is to use 5-aminolevulinic acid
to localize the normal parathyroid glands during thyroid
surgery in humans.!'* The diagnostic accuracy depended
on the thickness of the tumor capsule, timing of 5-ami-
nolevulinic acid administration, the appropriate timing of
illumination, differences in vascularity, and inflammation
of the surrounding tissue.!!]

In future clinical application, intraoperative fluores-
cence diagnosis is expected to increase the ease of identifi-
cation of atypically located or multiple parathyroid glands
and help to avoid persistent hypercalcemia. ')

There are several classical methods that are used to iden-
tify the parathyroid gland such as intraoperative parathy-
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Table 1. Comparison of the advantages and disadvantages of the proposed tests

Advantages

Disadvantages

‘Stress-test’ Fast results

Easy to use

Isn’t accurate
Subjective

Doesn’t require preparation

Identifies arterial supply

Low cost

Doesn’t require equipment

5-aminolevulinic acid
cases)

5-aminolevulinic acid Helium-neon laser =~ Accurate
Reproducible

Objective

Accurate (effective in up to 89.93% of

Requires preparation
Requires equipment
Requires contrast agent
Subjective

Requires equipment
Requires contrast agent

roid hormone measurement, intraoperative gamma probe
application, intraoperative ultrasonography, parathyroid
imaging with methylene blue, and frozen section examina-
tion. Recently, several new techniques were described such
as indocyanine green imaging with autofluorescence, aut-
ofluorescence imaging with methylene blue, autofluores-
cence imaging with 5-aminolevulinic acid, optical coher-
ence tomography, laser speckle contrast imaging, dynamic
optical contrast imaging, and Raman spectroscopy.['”)

Intraoperative methylene blue spray helps to identify the
parathyroid glands in 82% to 92.31% of cases.['®19! Fluo-
rescence imaging techniques is an actively developing filed
based on the interaction between serum proteins and fluo-
rescent dyes. However, recent advances demonstrated that
tissues can possess the capability of autofluorescence.?”!
The accuracy of near-infrared/indocyanine green imaging
method is 82%-87.3% for identifying parathyroid glands
based on their autofluorescence.2!2?]

Wound protector with silicone can significantly prevent
the drying of the surgical wound and reduces the incidence
of infection. There is a significant improvement in POSAS
scale, especially in patient younger than 35 years.[23:24]

The current study was based on an algorithm that is use-
ful for parathyroid gland protection (Fig. 1). The algorithm
has several principles from basic to more advanced. Prior to
the operation, the patients should be screened for vitamin
D deficiency with the elimination of the consequences of
secondary hyperparathyroidism. In order to detect parathy-
roid gland, first of all, carefully consider their anatomical
and topographic-anatomical features. While performing
operations for benign thyroid pathology, try to remove the
thyroid gland without the fatty tissue segments that can im-
itate parathyroid gland. In the visualization and detaching
of parathyroid gland use a precision approach and magni-
fying technique. When visualizing and detaching parathy-
roid gland, use electrosurgical devices with care. To identify
the parathyroid gland, use the ‘stress-test’ In complex cases,
especially in the case of a recurrent process and lymph node
dissection, apply the technique of double visual and instru-

mental recording of 5-aminolevulenic-induced fluores-
cence. If it is impossible to preserve the parathyroid gland
with the feeding vessels, perform its autotransplantation
into the neck muscles. In our experience, an autotransplan-
tation was required only in one case (0.44%).

There are several limitations of our study. One limitation
is the relatively low number of cases included in the study.
Another limitation is that we analyzed a heterogeneous
group of patients who had different thyroid diseases and
volume of surgery. These limitations are balanced to some
degree by the fact that the main aim of the study was to
introduce a method to decrease parathyroid gland damage
during surgery.

CONCLUSIONS

The proposed methodological approach allows prevention
of persistent hypoparathyroidism and reduces the frequen-
cy of transient hypoparathyroidism, with controlling oth-
er complications in the surgical treatment of patients with
various thyroid gland diseases. Only four patients devel-
oped transient hypocalcemia, only one required parathy-
roid gland autotransplant, and none had permanent hypo-
calcemia.
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Pe3rome

BBepeHue: CymecTByeT psif 3a60/1eBaHMit IIUTOBUAHOI >Ke/le3bl, TPEOYIOLINX XUPYPIUIeCKOro nedenys. [I09ToMy BaXKHO cOBep-
IIEHCTBOBATD XMPYPIUUeCKIie JOCTYIIBL U TAKTHUKY edeHNs OONbHBIX, HY)KAIOLINXCS B TAKOM OIIePATVBHOM BMeLIATE/TbCTBE.

U‘enb: Hpe)I]IO)KI/ITb A/ITOPUTM ITPENOTBPALIEHNA ITIOBPEXXAEHNA HapaH.U/ITOBI/II[HOf/I JK€/1€3bl BO BpEMA OIl€pal L.

Matepuanbl n MeTofbl: B 0cHOBY pabOTHI IIOTOKEHBI Pe3Y/IbTATHI IedeHNs 226 GOMBHBIX C Pa3IMIHbIMI 3a00/IeBAHMSIMI II{IITO-
BUIHOIL XKefe3bl. BceM marjmeHTaM BBIIOTHEHBI KCTpadacijaibHble OepaTuBHble BMEIIATENbCTBA C IPUMEHEHMEM COBPEMEHHBIX
METOZMYECKMX IOfIXOA0B. [/ MpodMIaKTUKY IIOC/IeONepalMOHHOTO IUIIOIAPaTNPe03a MCIOIb30Ba/IN «CTPECC-TeCT», 5-aMIHONIEBY-
JICHOBYIO KUCTIOTY, METOZ, ABYKPATHON BJM3ya/IbHO-MHCTPYMEHTAIbHOI perucTpanuy GpoToceHCuoMIM3aTop-MHAYLPOBaHHON (Iy-
opecLeHI N apalTOBUIHBIX XKeJle3.

Pesynbratbl: TpaH3MTOPHBII IMIIONAPaTHPEO3 3aperucTpupoBaH B 4 (1.8%) cmyyasax nmocne onepanun. CTOMKOI IMIIOKaTbLIEMNN Y
OO0MBHBIX He 3aperncTpuposaHo. Tombko B ogHOM cnydae (0.44%) morpeboBanach ayTOTPAHCIUIAHTALINA TAPAIMTOBUIHON JKee3bl.
Jedbnuut vnu HUSKUIT ypoBeHb BuTaMuHa D BbIAB/IeH B 35% CIy4aeB, U B OOJIbIIMHCTBE CITy4aeB OH ObUT 0OYCIOBIEH BTOPUYHBIM
runepraparupeosoM. Jeduimr 61 ycTpaHEH BBefleHneM BiuTaMiHa D Bo Beex cnyvasx. B 10.17% (23 nmanmeHTa) cly4aes IOC/e BBe-
IeHNsI 5-aMUHOEBYIMHOBOM KUCTOTHI (5 — ALA) He 6b110 HO/DKHOTO 9 deKTa BU3yaTbHOIO CBeYeHMs, YTO IOTPeOOBaIO epexona
KO BTOPOJI 4aCTH IIpefiIaraeMoro MeTofia (Te/uii-HeOHOBBII /Iadep U PerucTparysa (GpryopecieHINy ¢ TIOMOLIBIO Ta3ePHOTO aHaIN3a-
TOpa CIeKTpa).

3akntoueHune: TIpennokeHHbI METOAMYECKNII IOAXO]] TI03BONIACT IIPEJOTBPATUTD HEePCUCTUPYIONIT TUIONAPATUPEO3 M CHUSUTD
9acTOTY TPAaH3UTOPHOTO TUITONAPATIPEO03a U PYTHUX OC/IOXKHEHWI IIPYI XMPYPrUYecKOM JIedeHVH OObHBIX C pas/IMYHBIMY 32607IeBa-
HUAMI LIMTOBUIHON SKeTe3bl.
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