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Abstract Parathyroid gland injury during thyroid surgery
is common and can lead to postoperative hypocalcemia. This
study aims to determine the utility of near-infrared autofluo-
rescence (NIRAF) technology for parathyroid gland iden-
tification in thyroid surgery. A prospective case series of
patients who underwent thyroid surgery between March and
June 2021 were examined. Following intra-operative visu-
alisation, parathyroid glands and surrounding tissues were
exposed to near-infrared light with a wavelength of approxi-
mately 800 nm using the Storz® Near-Infrared Range/Indo-
cyanine Green (NIR/ICG) endoscopic system. Parathyroid
glands were expected to show autofluorescence following
exposure. Twenty patients who underwent thyroid surgery
were included. Eighteen patients (90%) were female, with a
median age of 50.0 (IQR 41.0 — 62.5). Surgeries performed
include hemithyroidectomy (9 patients; 45.0%), total thy-
roidectomy (8 patients; 40.0%), completion thyroidectomy
(2 patients; 10.0%) and right inferior parathyroidectomy (1
patient; 5.0%). Attempts were made to identify 56 parathy-
roid glands in this case series. There were 46/56 (82.1%)
surgeon-identified parathyroid glands through direct visu-
alisation. Using NIRAF technology, 39/46 (84.8%) were
identified as parathyroid glands. There was no inadvertent
resection of parathyroid glands or post-operative hypocal-
caemia. NIRAF technology has the potential to be a useful
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tool in confirming the presence of parathyroid glands fol-
lowing direct visualisation intra-operatively.
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Introduction

Intra-operative identification and preservation of parathyroid
glands is an important but challenging aspect of thyroid sur-
gery, as they are reliant on the surgeon’s visual inspection
and level of experience [1, 2]. Parathyroid glands can be
difficult to distinguish from surrounding fat or lymph nodes
and vary widely in their location and number owing to their
embryological development [3, 4]. Failure of identification
and preservation of parathyroid glands during thyroidectomy
may cause devascularisation or inadvertent resection of the
gland(s), leading to transient or permanent hypocalcaemia
[5, 6]. Transient hypocalcaemia generally responds well to
calcium and vitamin D replacement. However, permanent
hypoparathyroidism represents a serious complication caus-
ing life-long morbidity in 2-5% of patients undergoing thy-
roid surgery [6, 7].

Several intra-operative localisation techniques have been
proposed to facilitate identification of parathyroid glands,
including Raman spectroscopy, carbon nanoparticle injec-
tion, and indocyanine green (ICG) angiography [8—10].
However, there has been an emergence on using near infra-
red-induced autofluorescence (NIRAF) in recent literature,
as parathyroid glands were found to emit a spontaneous
autofluorescent signal up to 11 times higher than surround-
ing tissue when exposed to a near-infrared stimulation [11,
12]. The utilisation of NIRAF technology has been promis-
ing, with several studies showing that it could reliably aid
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in the identification of parathyroid glands in 76.3—100%
of cases [13—15] and significantly reduce the incidence of
post-operative hypocalcaemia in thyroid surgery [16, 17].
Therefore, the aim of this study is to assess the feasibility
of NIRAF technology in the identification of parathyroid
glands during thyroid surgery.

Methodology

This study involved a prospective case series of patients
undergoing thyroid surgery in Chris O’Brien Lifehouse
(Sydney, Australia) between March and June 2021. Data on
patient demographics, surgical indication, thyroid surgery
performed, number of parathyroid glands identified, and cor-
rected calcium and parathyroid hormone (PTH) levels were
collected. Local research ethics was obtained for this study,
which waived the need for written informed consent.

Imaging System Set-Up and Intraoperative Parathyroid
Imaging

Parathyroid autofluorescence was achieved using the Storz®
Near-Infrared Range/Indocyanine Green (NIR/ICG) endo-
scopic imaging system (Karl Storz, Tuttlingen, Germany).
The system consists of a 4 K high-definition IMAGE1
S™ RUBINA™ camera (3849 x 2160 pixels), a 10 mm 0°
HOPKINS® RUBINA™ telescope, and a POWER LED
RUBINA™ light source.

The IMAGE1 S™ RUBINA™ camera has two image
sensors, with one dedicated to white light detection and
another dedicated to NIR/ICG signal. The system enables
the camera to present the three different NIR/ICG modes
(Overlay, Monochromatic and Intensity Map), and can
readily be changed as required in conjunction with the
HOPKINS® RUBINA™ telescope. The mode used in this
case series is Overlay, where the regular white light image
is combined with the NIR/ICG data to generate an over-
lay image. The NIR/ICG data can be displayed as green or
blue overlay. The POWER LED RUBINA™ light source
is equipped with dual light-emitting diodes allowing use in
both white light as well as fluorescence applications, which
can be used individually or simultaneously to support the
different NIR/ICG modes. The wider NIR wavelength range
provides both visible and NIR excitation light in the area of
interest at approximately 800 nm.

All thyroidectomies were performed by experienced,
high-volume thyroid surgeons (CEP and MSE) with routine
use of Nerve Integrity Monitoring—Neuro™ 3.0 (Medtronic,
Minnesota, United States). Attempts were made to identify
two parathyroid glands during hemithyroidectomy, and
four parathyroid glands during total thyroidectomy. Para-
thyroid imaging was carried out following intra-operative
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visualisation of the parathyroid gland(s). The tip of the lapa-
roscope was held in place approximately 5 cm above the
operative site. White light images were collected, and the
operating theatre lights were dimmed. The parathyroid gland
alongside the surrounding structures, including thyroid tis-
sue, adipose tissue, and lymph nodes, were then exposed to
near-infrared light. Both green and blue overlay filters were
used. After visual verification of the fluorescent spots pro-
vided by the imaging system, near-infrared light images were
collected, and the surgery was resumed in a conventional
manner (see Fig. 1). Corrected calcium and PTH levels at
4 h were collected post-operatively if the patient underwent
a total or completion thyroidectomy. Normal reference levels
for corrected calcium and PTH in Australia is between 2.10
—2.60 mmol/L and 1.0 — 7.0 pmol/L respectively.

Results

Twenty patients who underwent thyroid surgery were
included in this case series. Eighteen patients (90%) were
female, with a median age of 50.0 (IQR 41.0-62.5) at time
of surgery. Indications for surgery include papillary thyroid
carcinoma (8 patients; 40.0%), Bethesda 4 thyroid nodule
(4 patients; 20.0%), multinodular goiter (6 patients; 30.0%),
Graves’ Disease (1 patient; 5.0%) and parathyroid adenoma
(1 patient; 5.0%). Type of thyroid surgery performed include
hemithyroidectomy (9 patients; 45.0%), total thyroidectomy
(8 patients; 40.0%), completion thyroidectomy (2 patients;
10.0%) and right inferior parathyroidectomy (1 patient;
5.0%).

Attempts were made to identify 56 parathyroid glands in
this case series (18 glands from 9 hemithyroidectomies, 32
glands from 8 total thyroidectomies, 4 glands from 2 com-
pletion thyroidectomies and 2 glands from 1 right inferior
parathyroidectomy). There were 46/56 (82.1%) surgeon-
identified parathyroid glands through direct visualistion.
Using NIRAF, 39/46% were identified as parathyroid glands,
which resulted in a sensitivity of 84.8%. The additional time
taken for parathyroid autofluorescence imaging and photo-
documentation took approximately 5—10 min. Identification
of the remaining 10 parathyroid glands were not identified in
the surgical bed. No parathyroid glands were seen attached
to the specimen.

In 10 patients (50%) who underwent total or comple-
tion thyroidectomy, no patients had temporary or perma-
nent hypocalcaemia. The median post-operative corrected
calcium and PTH was 2.41 mmol/L (IQR 2.35-2.52,
range 2.25-2.60) and 1.90 pmol/L (IQR 0.70 — 2.90, range
0.50-4.20) respectively. No resected parathyroid gland(s)
in the thyroid histological specimens were noted for each
patient. Clinical characteristics of patients in this case series
are summarised in Table 1.
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Fig.1 Comparative images of
parathyroid gland exposed to
normal white light (left-hand
side) and near-infrared light
(right-hand side); T represents
thyroid gland; the double arrows
represent the parathyroid gland

Table 1 Characteristics of patients who underwent thyroid surgery

Age Gender Type of surgery Indication PGs visualised PGs visualised with
directly Storz NIR/ICG
system
41 F Total thyroidectomy PTC 4/4 3/4
72 F Right hemithyroidectomy Bethesda I'V nodule 2/2 172
38 F Right hemithyroidectomy PTC 2/2 2/2
52 F Total thyroidectomy PTC 3/4 3/4
25 F Total thyroidectomy MNG 3/4 2/4
34 F Right hemithyroidectomy PTC 172 12
41 F Right hemithyroidectomy Bethesda IV nodule 2/2 2/2
63 M Right inferior parathyroidectomy Parathyroid adenoma 2/2 2/2
35 F Left hemithyroidectomy Bethesda I'V nodule 2/2 2/2
46 F Right hemithyroidectomy MNG 2/2 2/2
61 F Total thyroidectomy MNG 3/4 3/4
74 F Left hemithyroidectomy MNG 172 172
53 M Total thyroidectomy PTC 3/4 2/4
71 F Right hemithyroidectomy MNG 2/2 172
70 F Total thyroidectomy MNG 3/4 2/4
48 F Total thyroidectomy PTC 4/4 4/4
54 F Completion thyroidectomy Recurrent PTC 172 172
42 F Completion thyroidectomy PTC 172 172
44 F Total thyroidectomy Graves’ Disease 3/4 2/4
54 F Right hemithyroidectomy Bethesda IV nodule 2/2 2/2

PG parathyroid gland, NIR/ICG near-infrared/indocyanide green, PTC papillary thyroid carcinoma, MNG multinodular goiter
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Discussion

Our early experience with the Storz® NIR/ICG imaging
system demonstrates that NIRAF technology is a useful
adjunct to parathyroid gland identification during thyroid
surgery. The sensitivity of the Storz® NIR/ICG imaging
system in detecting parathyroid autofluorescence is rea-
sonably high (84.8%) — our results are consistent with the
findings of Ladurner et al., who identified 205 parathyroid
glands from 117 patients who underwent thyroid surgery,
and were able to confirm 87.3% of those parathyroid glands
using the Storz® NIR/ICG imaging system [15]. In addi-
tion, our results using the Storz® NIR/ICG imaging system
is consistent with similar systems such as the Fluobeam®
800 (Fluoptics, Grenoble, France), another commercially
available NIRAF imaging system which was able to iden-
tify between 76.3 and 100% of parathyroid glands following
visual inspection [13, 18-20].

To our knowledge, this is the first Australian series to
report parathyroid autofluorescence utilising the Storz®
NIR/ICG imaging system. The objective is not to replace the
critical surgical skill in identifying and preserving parathy-
roid glands during routine surgery, but to assist the surgeon
by confirming the presence of parathyroid glands identified
in the operating field and distinguishes parathyroid glands
from surrounding tissues such as fat and lymph nodes fol-
lowing visual inspection.

In addition to the high sensitivity rates, we have noted
several advantages of using the Storz® NIR/ICG imaging
system. When autofluorescence is detected, parathyroid tis-
sue is well differentiated from surrounding tissue, which aids
in meticulous dissection to minimise the risk of parathyroid
gland devascularisation. This technology omits the need for
intravenous administration of indocyanine green (ICG) as
a contrast agent to visualise the parathyroid glands through
ICG angiography, which may result in adverse effects such
as urticaria, tachycardia and anaphylaxis [21]. In addition,
it has an easy learning curve without significantly increas-
ing operative time, which may be helpful for low-volume
thyroid surgeons.

Furthermore, NIRAF technology can also be used to
screen the thyroid gland surface after its resection to look for
inadvertent parathyroid gland(s) adhered to the capsule, as
well as to inspect the resected central neck dissection tissue
to look for unidentified parathyroid glands. This is particu-
larly useful for the latter, as it can be challenging to visually
distinguish parathyroid glands from fat or lymph nodes in
patients with central compartment lymphadenopathy sec-
ondary to malignancy or lymphocytic thyroiditis, and/or
significant adiposity in the central neck [22, 23] (see Fig. 2).

The main disadvantages of the Storz® NIR/ICG imaging
system include its initial cost to set up the system, inabil-
ity to localise parathyroid glands covered deeply by other
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Fig. 2 Comparative images of a resected central neck dissection
tissue exposed to normal white light (top image) and near infrared
light (bottom image) demonstrating visualisation of an inadvertently
resected parathyroid gland (double arrows) which was not detected
with white light

tissues, and false positives from brown fat, metastatic lymph
nodes, colloid nodules and/or blood stains in the operative
field. Furthermore, theatre lights need to be dimmed prior to
usage, which may disrupt the usual workflow of the operat-
ing theatre and subsequently increase operative time. Fur-
thermore, the Storz® NIR/ICG imaging system does not
enable assessment of parathyroid vascularisation, compared
to near-infrared imaging with indocyanine green dye injec-
tion [24].

The Storz® NIR/ICG imaging system is simple, safe and
easy to use. Outside of thyroid surgery, the Storz® NIR/
ICG imaging system is cost-effective due to its versatility
— for instance, this system can also be used in laparoscopic
surgery to identify biliary tree structures with the aid of ICG
injection and ensure safe dissection during cholecystectomy
[25].

This study’s weakness lies in its relatively small sam-
ple size; therefore, the results may not be generalisable to
other centers. The early adoption of our institution in using
NIRAF technology and its associated learning curve may
also explain our slightly lower sensitivity rate (84.8%) com-
pared to other studies reporting sensitivities of 87.3% or
higher [13-15, 20, 26]. In addition, this study does not dem-
onstrate evidence of NIRAF technology in reducing rates
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of hypoparathyroidism. Therefore, future studies should
be designed as a randomised controlled trial to assess the
real-life impact of NIRAF technology in the incidence of
post-operative hypocalcaemia and inadvertent resection of
parathyroid gland(s) in thyroid surgery.

Conclusion

NIRAF technology has the potential to be a useful tool in
confirming the presence of parathyroid glands following
direct visualisation intra-operatively. Future prospective
studies and randomised controlled trials are required to
confirm these findings and obtain new insights to improve
thyroid surgery outcomes.
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