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The most common complications during thyroidectomy are
hypocalcemia and recurrent nerve palsy. According to recent
studies, postoperative hypocalcemia rates around 15% to
30% for transient hypocalcemia, and 1% to 7% for defini-
tive [1,2]. Hypocalcemia develops due to accidental damage
to the parathyroid glands (PG) or their devascularization [2].
Such factors like small size and variable location of the PG
significantly complicate their visualization and can lead to
their injury, even with careful dissection by an experienced
surgeon [2-4]. Although most authors believe that one intact
gland is sufficient to maintain normal levels of serum calcium
and hormones in the blood, preserving as many parathyroid
glands as possible minimizes the incidence of postoperative
hypoparathyroidism [1-3] Autotransplantation of devascular-
ized parathyroid glands is a good method of restoring their
function. But a visual assessment of their blood supply is sub-
jective and may differ from the present situation.

Recently, one of the most popular methods for the detection
PG and assess their vascularization has become near-infrared
(NIR) fluorescence imaging with indocyanine green (ICG) angi-
ography [3-9]. The PG are more vascularized than the surround-
ing tissues and, due to this, they exhibit strong fluorescence on
indocyanine green angiography [3].

This study was conducted to determine whether intraoperative
ICG angiography with NIR fluorescent imaging should be used
routinely in total thyroidectomy.

Aim was study NIR fluorescent imaging with intraoperative
parathyroid gland ICG angiography to help identify and pre-
serve parathyroid glands during total thyroidectomy in order to
avoid postoperative hypocalcemia.

Material and methods. For period from 1 April 2017 to 10
September 2019, 58 patients were underwent total thyroidec-
tomy in Odessa regional hospital.

By randomization all patients were divided into two groups:
in the first group (control group), 28 patients underwent stan-
dard total thyroidectomy, in the second group (ICG group) 30
patients underwent NIR-assisted total thyroidectomy with ICG
angiography.

The indications for surgery were following: 1) thyroid cancer;
2) multinodular goiter 3) Graves disease.

Parathyroid autofluorescence was detected using a near
infrared/indocyanine green endoscopic system (Karl Storz,
Tuttlingen, Germany). The system comprises a high-end full
high-definition camera system (H3-Z 3-Chip Full HD cam-
era, Karl Storz;) connected to a 10-mm 0-degree indocyanine
green laparoscope (Hopkins™ II, Karl Storz).

ICG angiography were applied during the surgical proce-
dure for all participants of the first group. General anesthesia
with endotracheal intubation was administered to all patients.
A 4 to 5 cm length Kocher transverse collar incision, was made
1 cm below the cricoid cartilage. The strap muscles were divid-
ed in the midline along the entire length until the thyroid gland
was exposed. The sternohyoid muscles were separated from the
underlying sternothyroid muscle by dissection until the internal
jugular vein and nerves are identified.
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The inferior thyroid vessels were dissected and divided as
close to the surface of the thyroid gland as possible to minimize
devascularization of the parathyroids or injury to the recurrent
laryngeal nerves.

ICG preparation was injected intravenously by the anesthe-
siologist with a standard dose of 15 mg. The parathyroid glands
took up the dye within 2 minutes and remained fluorescent up to
15 minutes. After injection ICG, the video was recording by the
assistant of surgeon in real time.

In the ICG angiography, the parathyroid fluorescence in-
tensity (FI) depends on the amount of ICG took up by the
parathyroid. The mechanism for the parathyroid to take up
the dye should be related to the abundant blood supply of
endocrine organs. Thereby, FI of the parathyroid reflects
vascularization of the parathyroid. In ICG angiography ap-
plications, the different grades of grey can be applied as the
standard of different levels of the parathyroid function. The
parathyroid glands were scored from score 0 to score 2 ac-
cording to the FI after ICG angiography. Score 0, score 1
and score 2 represents weak FI, moderate FI and strong FI
respectively. For the parathyroid glands which were visually
evaluated as well vascularized, but were valued as devascu-
larized in ICG angiography, the surgeons will conduct the
parathyroid autotransplantation.

Serum calcium and parathyroid hormone (PTH) levels were
compared between the two groups of patients in 1, 3 -10 days
after surgery and then 1, 3, 6 months later.

Results and discussion. Patient demographics were similar
between both groups. No differences existed in comorbidities,
including cardiac, pulmonary, vascular, or renal disease (Table
1). In the first group, on based of a visual assessment of the PG,
autotransplantation the PG were conduct in only 4 cases (in 3
cases - one gland, in one case - 2 glands). In the second group,
autotransplantation was performed in 11 patients (in 8 cases -
one gland, in 2 cases - two, in one case - 3).

Hypocalcaemia (calcium level below 200 mmol/l) was
observed in either group. The transient postoperative hy-
pocalcemia was observed in 5 patients of the control group
(17,86 %) and in the 2 patients of ICG group (6,67 %) on
5-10 postoperative days. There was no statistical difference in
calcium or PTH levels between the groups on POD 30 (Table
2). But in the first group 1 patient at 3 months after surgery
had hypoparathyroidism. Two patients in the control group
experienced typical symptoms of hypocalcaemia but had
PTH levels in the normal range on POD 30, without calcium
supplementation. One had a calcium level of 2-:05 mmol/l,
PTH level of 3-7 pmol/l and mild finger paraesthesia, which
rapidly improved after oral calcium supplementation (dose
1 g). The other patient also experienced finger paraesthesia,
with calcium and PTH values of 2:29 mmol/l and 5-2 pmol/l
respectively. The symptoms improved a few minutes after
oral calcium supplementation (1 g). For patients in the con-
trol group, standard oral supplementation kept calcium levels
within normal limits; higher doses or additional active vita-
min D were never needed.
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Table 1. Demographic and Clinical Features of Patients

Demographic and Clinical Features of Patients

Control group (n=28)

ICG group (n=30)

Age (years)a 43.24 (12.15) 44.38 (11.22)
Gender ratio (M:F) 10:18 12:16
ASA score 1.88 (0.33) 1.87 (0.42)
Indication for surgery

Multinodular goiter 23 19

Thyroid cancer 7 4

Graves disease 2 3
Duration of hospital stay (days)a 2.93 (1.47) 2.71 (1.32)

ASA = American Society of Anesthesiologists; F = female; M = male. Numerical values in parentheses are percentages or specifi-

cally indicated. aValues are mean (SD)

Table 2. Postoperative results

Cor(lrlrilzg;)oup I(zfzg;?;)lp Difference b P valued
Calcium (mmol/L)a
POD 1 2.218(0.011) 2.22(0.013) —0.0032 (—0.0132, 0.0071) 562
POD 30 2214 (0.026) ¢ 2.332(0.024) —0.0046 (—0.0175, 0.0082) 463
PTH (pmol/L)a
POD 1 3.224 (1.281) 3.198 (1.267) —0.01613 (—0.03972, 0.01213) 529
POD 30 4.331(1.291)c 4317 (1.282) —0.01714 (—0.04975, 0.01547) 246

POD = postoperative day. aValues are mean (SD). bValues in parentheses are 95% confidence intervals.
cCalcium and parathyroid hormone (PTH) levels were significantly higher on POD 30 than POD 1 in the ICG and control groups
(mean difference in calcium 0.0967 [95% CI 0.0924 to 0.1008] mmol/L, P<.001; mean difference in PTH 1.088 [0.984 to 1.192]

pmol/L, P<.001). dPaired t test.

Thyroid and parathyroid surgery has become very safe during
the last century [1-3]. However, hypoparathyroidism remains a
current concern, with significant, 1-30% rates of post-thyroid-
ectomy hypoparathyroidism [1,2]. There is currently no gold
standard on how to detect and preserve parathyroid glands and
their vascularization during thyroidectomy [5,6]. Both the blood
supply and the localization of parathyroid glands are crucial fac-
tors for the preservation during surgery but anatomical variabil-
ity in this area is high demanding great experience and flexibility
in the surgeon. Some parathyroids receive their blood supply
directly from the thyroid gland (8,2 %), which makes it very
difficult to preserve [2].

New optical-based techniques, without radiation, have
been developed to help detect parathyroid glands (in par-
ticular autofluorescence) and confirm their vascularization
(in particular ICG angiography) [10,11]. The angiography
imaging system is essential for a wide range of surgeries
[8,10,11]. An initial objective of the study was to identify
that ICG angiography has emerged as powerful platforms for
predicting the function of the parathyroid immediately after
thyroidectomy and at the same time, the fluorescence imag-
ing system is fast becoming a key instrument in the thyroid
and the parathyroid surgeries [12]. The combination of NIR-
AF with ICG can highlight not only the anatomy, but also the
vascularization and, consequently, functioning of the glands.
In fact, injecting ICG at the end of the procedure allows veri-
fying the vitality of PGs and can be considered a valid predic-
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tor of postoperative calcium level as highlighted by different
authors. In particular, Vidal Fortuny et al. highlighted that at
least one well vascularized PG at the end of the surgical pro-
cedure is predictive of a normal postoperative PTH levels [3].

Data from several studies suggest that ICG administration
may have some complications [13]. Recent work by research-
ers has established that some rare reactions like anaphylactic
or urticarial reactions may occur. During the past 34 years,
only 17 adverse reactions has been reported and no more in-
formation has become available on the ICG dye allergic reac-
tions [14] What we know about ICG dye allergic reactions is
largely based upon the fact that the ICG substance contains
5% of sodium iodine for solubility and the patients allergic to
ICG were all iodine allergic and renal insufficient. But these
reactions were reported to be 0.00167% and mostly occur in
patients with history of allergy to iodides [14]. Accompanied
with the anaesthesia team who are ready to treat allergic reac-
tions, the ICG angiography possesses safety of a rather high
degree.

With regard to autotransplantation of the parathyroid
glands, on the one hand, what is considered ischemic PG re-
quires replantation. But, on the other hand, replantation does
not guarantee that it is accustomed to the new location and
will function normally. Therefore, the best use of the system
to ensure safe blood flow to the parathyroid gland is when
dissecting the surrounding tissue. Therefore, ICG visualiza-
tion not only of the identification of PG, but also for a more
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reliable determination of the viability of the glands. This study
has shown that intraoperative angiography with ICG is simple
and reproducible. Although the laparoscopic imaging camera
system is currently expensive, it produces high-quality images
and can also be used in other surgical procedures, making the
equipment more cost-effective.

Conclusion. Near-infrared fluorescent imaging with intraop-
erative parathyroid gland indocyanine green angiography is a
safe and an easily repeatable method. This technique provides
improved detecting and assessment of the perfusion of the PG.
The need for autotransplantation of the PG can be determined
more objectively using ICG imaging than simple visualization.
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SUMMARY

STUDY OF INTRAOPERATIVE INDOCYANINE GREEN
ANGIOGRAPHY EFFECTIVENESS FOR IDENTIFICA-
TION OF PARATHYROID GLANDS DURING TOTAL
THYROIDECTOMY

'Parfentiev R., 'Grubnik V., 'Grubnik V., 'Bugridze Z.,
*Giuashvili S., *Beselia L.

!Odessa National Medical University, Ukraine; *Ivane Javakh-
ishvili Thilisi State University, Georgia

Postoperative hypocalcemia is a common complication of thy-
roidectomy. This problem is most often associated with accidental
devascularisation or excision of the parathyroid glands (PG).

Aim was study near-infrared fluorescent imaging with intra-
operative parathyroid gland indocyanine green angiography to
help identify and preserve parathyroid glands during total thy-
roidectomy in order to avoid postoperative hypocalcemia.

For period from 2017 to 2019 years, 58 patients in Odessa re-
gional hospital were underwent total thyroidectomy. Indications
for surgery were multinodular goiter (n=42), thyroid cancer
(n=11) and Graves’ disease (n=>5). By randomization all patients
were divided into two groups: in the first group, 28 patients un-
derwent standard total thyroidectomy, in the second group 30
patients underwent near-infrared-assisted total thyroidectomy
with indocyanine green (ICG) angiography. Parathyroid autoflu-
orescence was detected using a near infrared/indocyanine green
endoscopic system (Karl Storz, Germany). Serum calcium and
parathyroid hormone levels were compared between the two
groups of patients in 1, 7 -15 days after surgery and then 3, 6
months later.

In the first group, on based of a visual assessment of the PG,
autotransplantation the PG were conduct in only 4 cases (in 3
cases - one gland, in one case - 2 glands). In the second group,
autotransplantation was performed in 11 patients (in 8 cases -
one gland, in 2 cases - two, in one case - 3). The transient post-
operative hypocalcemia was observed in 5 patients of the first
group (17,86%) and in the 2 patients of second group (6,67%)
on 5-10 postoperative days. In the first group 1 patient at 3
months after surgery had permanent hypocalcemia.

Near-infrared fluorescent imaging with intraoperative para-
thyroid gland indocyanine green angiography is a safe and an
easily repeatable method. This technique provides improved
detecting and assessment of the perfusion of the PG. The need
for autotransplantation of the PG can be determined more objec-
tively using ICG imaging than simple visualization.

Keywords: Total thyroidectomy, parathyroid glands, ICG an-
giography.
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3®PEKTUBHOCTh HWHTPAOIMEPAIIMOHHOM AH-
I'nOIrPA®UU C UHAOLUUAHUHOM 3EJIEHBIM JJIS1
OBHAPYXXEHUS IMAPALHIMTOBUJIHBIX KEJIE3 BO
BPEMSI TOTAJIBHOI TUPEOUI-9KTOMUU

Mapgentnes P.C., 'Tpyouux B.B., 'Tpyonuk B.B.,
"Byrpuaze 3.1., I'nyamsuan LI T., *Becenns JI.D.

!00eccruil nayuonanvbhblil MeOuyunckull yHusepcumenm, Ykpa-
una, *Tounucckuil 2ocyoapemeennviil yrueepcumem um. U. [ica-
saxuweunu, I pysus

[MocneonepaionHas TMHIOKAIBIUEMHUs - 4acTOE OCJIOXKHE-
HHUE THPEOWPKTOMHH. JTa mpobiema daile CBsi3aHa CO CIy-
YaliHOM IeBacKyJsIpH3alieil WK yaJeHHeM NapalnTOBHIHBIX
xkenes (ITK).

Llenbio wccnenoBaHus SIBUJIOCH ONpesieieHne (GuryopecieHT-
HOI BU3yai3ainu B OMKHEM HH(PAKPACHOM JHana30He C Mo-
MOIIBIO0 HHTPAOIIEPALMOHHON aHTHOrpaguy MaparuTOBHIHBIX
JKeJIe3 ¢ MHIOIMaHMHOBBIM 3€JICHBIM ISl HIACHTH(QHUKALIMT U CO-
XpaHEeHHUs! apaIUTOBUIHBIX JKeJe3 IPU TOTaIbHOM THPEOU IIK-
TOMHH U UCKJTIOYESHUSI IOCJICONePAIMOHHOI THIOKaIbIIMEMHH.

3a nepuon ¢ 2017 mo 2019 rr. 58 maumentam Opecckoit 00-
JIACTHOM OOJIBHUIIBI BBIMOJHEHA TOTAJbHAS THPEOHIKTOMMSI.
ITokazaHusiMu K orepanuu ObLTH MHOTOY3JI0BOM 300 (n=42),
pak mumToBHIHOW jkene3bl (n=11) u Gone3ns I'peiiBca (n=5).
ITytem paHIOMH3aIMU BCE MALMEHTHI pa3/ielieHbl Ha JIBE TPYII-
IIBI: B MEpBOM rpymre 28 manyeHTaM BBIMOJHEHAa CTaHIapTHast
TOTaJIbHAsl THPEOMIIKTOMHUS, BO BTopoil rpymme 30 marpeHTam
BBINOJIHEHA TOTAIbHAs THPEOMAIKTOMUS C TpUMEeHeHHeM (iryo-
PECLICHTHOH BU3yalM3aly B OIMKHEM HH(PAKPACHOM AWaria3oHe
1 BBEJICHUEM MHJIOLMAaHHHOBOTO 3€JIeHOT0. AyTO(ITyOopeCeHINIO
TMIaPAIMTOBH/IHBIX JKeJe3 ONPEIEIISUTN C TOMOIIBIO SHIOCKOINYEC-
KOI cHCTeMBI OVKHEero MH(paKpacHOro Jarna3oHa/MHI0IHaH -
HoBoro 3enenoro (Karl Storz, ['epmanust). YpoBHH CBIBOPOTOUHOTO
KaJIBLHSl U TIapaTHPOMIHOTO TOPMOHA CPAaBHHUBAIN MEXKIY JBYMs
rpynIaMy NaUeHToB ciycTd 1, 7-15 nueit nocie onepauuy, a 3a-
TeM cIycTs 3 ¥ 6 MecIeB.

B nepBoii rpynne Ha ocHOBaHMU BU3yaibHOH oueHku DK
ayTOTpaHCIUIaHTalMsl poBeieHa B 4 ciydasx (B 3 cioydasx -
OJIHA )KeJie3a, B OJIHOM ciydae - 2 ykene3sl). Bo Bropoit rpymnme
ayTOTpaHCIIaHTalus BeImoiaHeHa 11 manuenTam (B 8 ciyda-
X - OJIHA JKeye3a, B 2 ciydasx - JBe, B OJIHOM ciydae - 3).
BpemenHas mocneornepanuoHHas THIIOKaJIbIeMusl HaoIo-
nanack y 5 (17,86%) manueHToB nepBoi rpymmsl 1y 2 (6,67%)
MAIMEHTOB BTOPOi rpynisl ciycTs 5-10 aHel mocie oneparuu.
B nepBoii rpynne y 1 nanuenra ciycts 3 Mecsila mocie onepa-
LUK Pa3BUIIACh IEPMAaHEHTHAs TUITOKAJIbIIHEMHSI.

OnyopeciieHTHas BU3yalu3alys B ONMKHEM HH(ppaKpacHOM
JIaria3oHe C IIOMOIIBI0 HWHTPAONEPAllMOHHONW aHruorpaduu
MapanMTOBU/IHBIX JKeJe3 C BBEICHHEM MH/IOLMAHIHA 3€JIEHOTO
SIBJISIETCSl OE30TaCHBIM M JIETKO BOCIIPOM3BOJMMBIM METOIOM.
JlanHblii MeTox o0ecreunBaeT yIydlIeHHOE OOHapyKeHHe W
onenky nepdysnu IIDK. HeoOxonnmMocTs ayToTpaHCIUIaHTAUH
IDK moxer ObITH omnpereneHa 6ojiee 0OBEKTHBHO C MOMOIIBIO
BU3yaJM3allMi MHIOLMAHHHOM 3€JEeHBIM, YeM MPOCTOil Bh3ya-
nu3anue.
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