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A review of parathyroid autofluorescence imaging in detection
and preservation of parathyroid glands during thyroid surgery
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Abstract: The increasing number of thyroid cancers has prompted a subsequent increase in
thyroidectomies. Although it is considered a safe operation it is still prone to complications. Hypocalcemia
has been cited as the most common complication after thyroidectomy. Although this event is temporary
in the majority of the cases, in a not insignificant number of cases it can be permanent. Hypocalcemia, can
heavily impact the patient’s quality of life. The mechanism responsible for hypocalcemia after thyroidectomy
is a disruption of the parathyroid glands (PGs) and its vascular supply. Therefore, it is key to identify the
PGs during thyroidectomy to make it a safe operation. Traditionally, the identification has relied on visual
inspection which is largely dependent on the surgeon’s experience. Different technological aids have been
used throughout the years to help the surgeon identify the PGs. In the last decade, it was found that the
PGs exhibit autofluorescence (AF) when stimulated with near-infrared (NIR) light at 785 nm [near-infrared
autofluorescence (NIRAF)]. This technology can aid the surgeon in the intraoperative identification of
parathyroid tissue and hence avoid postoperative hypocalcemia. As surgeons using a new technology have
to be well versed in the concepts behind it, this review will describe the landmark studies which led to the

development of parathyroid AF and its application in thyroidectomy.
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Introduction
Background

In recent years, the incidence of thyroid cancer has increased.
Currently, it is the most frequent endocrine related
malignancy with up to 14.3 cases per 100,000 individuals (1).
Surgery is the cornerstone treatment, and although mortality
is almost null, patients are still prone to complications (2,3).
After thyroidectomy, transient hypocalcemia can occur in up
to 51% of the patients which can be persistent in 4% of the

cases (4). As a result of these increased postoperative rates
of hypocalcemia, surgeons performing thyroidectomy had
focused on ways to improve their results.

Rationale and knowledge gap

Although it has been shown that high-volume surgeons have
better overall outcomes, the majority of thyroidectomies are
still being performed by low-volume surgeons, and even in
specialized centers the rate of incidental parathyroidectomy
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during thyroidectomy is about 16% (5,6). It has been
postulated that the difficulty in localizing both normal and
abnormal parathyroid glands (PGs) intraoperatively is due to
its small size, variable location and inconspicuous color (7).
In addition, their localization relies on visual inspection
which is mostly dependent on the surgeon’s experience. In
an effort to improve the identification of parathyroid tissue,
the field of near-infrared autofluorescence (NIRAF) imaging
was developed. Surgeons employing new technologies are
required to be well versed in the concepts behind it. In
addition, it is important to be aware of the timeframe which
led to the technological developments.

Objective

As a recent manuscript has already perform a comprehensive
systematic review and qualitative analysis of optical
technologies during parathyroidectomy (8). The purpose of
this review is to describe the landmark studies in a timeline
fashion which led to the development of parathyroid
autofluorescence (AF) and its application in thyroidectomy.

Near-infrared (NIR) light spectroscopy

Visible light refers to electromagnetic radiation in the
form of wavelengths that stimulate the sight and make
things visible (9). Although the human eye can only detect
wavelengths from 380 to 760 nm, other wavelengths occur
beyond this spectrum called NIR. The use of NIR in
medicine dates back to 1977 when it was first used to probe
the oxygenation state of living tissue, and since that time
multiple other applications have been described (10). The
first application of NIR in parathyroid tissue was done by
Das et al. who used spectroscopy to differentiate between
parathyroid adenomas from hyperplasia (11).

In this first study, an 830 nm diode laser was used as
the excitation source for 698 PGs. This excitation laser
light produced a frequency shift which was then measured
by spectroscopy (11). The results demonstrated that the
average point spectra between adenomas and hyperplasia
was different enough to be able to distinguish between
them with 93% sensitivity and specificity. Interestingly, this
first report did not find the AF properties of the parathyroid
tissue, which was likely due to the use of an 830 nm
excitation laser (12).

Four years later, Paras et 4l. developed for the first time
an optical method to be able to discriminate parathyroid
tissue from other structures in the neck using NIR (12).
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In this pilot study, iz vive stimulation of PGs, thyroid,
fat, muscle and trachea was done with a NIR 785 nm
diode laser. Fluorescence spectra was then measured with
a sterile fiber optic probe and compared between tissue
samples. The results demonstrated that other tissues had
no fluorescence when stimulated with NIR while the PGs
had AF eleven times more intense than the thyroid. The
primary fluorophore responsible for the AF was thought to
be a calcium-sensing receptor widely found in PGs (13).
After demonstrating the AF properties of PGs, the
same group from Vanderbilt University published their
experience using this technique in 45 patients undergoing
thyroidectomy and parathyroidectomy (13). In this study, the
surgeon’s visual assessment was compared to the fluorescence
detected by spectrometry and to histology which was used
as the gold standard. Their results showed that in 3 cases
out of 22, the surgeon incorrectly labeled the tissue while
the fluorescence spectroscopy was able to identify it with
100% sensitivity and specificity. Results from this group also
demonstrated that although NIRAF was able to correctly
identify PGs, body mass index, disease state, vitamin D and
calcium levels could contribute to signal variability between

glands (14).

NIR light imaging

A follow-up study by McWade et 4/., which included
110 patients confirmed the accuracy of NIRAF to detect
parathyroid tissue using spectroscopy. In addition to
spectroscopy measurements, intraoperative fluorescence
imaging was captured for 6 patients using a customized
endoscope camera. These imaging results showed that PGs
emit a strong fluorescence signal which was able to be seen
on screen (Figure 1) (7). Nevertheless, the NIRAF image
required the overlay of two separate images to identify the
PGs. This limitation was addressed by Kim et 4/. by adding
and infrared illuminator to the NIR imaging system which
allowed real-time single image of the PGs as well as the
background tissue (15).

Later on, Falco et al. utilized for the first time the
Fluobeam (Fluoptics, Grenoble, France) in 28 patients
undergoing parathyroidectomy and thyroidectomy (5). This
tool emits NIR at 750 nm and then a special filter captures
the fluorescence light in the range of 800 to 900 nm,
allowing real time visualization of the surgical field.
Although this camera classically uses indocyanine green
as a fluorophore, the authors took advantage of the PGs
AF properties for their study. The results demonstrated
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Figure 1 Parathyroid gland autofluorescence in vivo.

Figure 2 Parathyroid gland autofluorescence ex vivo.

that PGs showed higher fluorescence compared to the
background similar to that appreciated with spectroscopy.

Around the same time, De Leeuw et al. utilized the
same commercial NIR imaging device as Falco ez 4/. to
visualize parathyroid tissue iz vivo and ex vivo (16). They
were able to identify 16 out of 17 PGs that were found
on histopathology, interestingly the only one missed was
found to be intrathyroidal. More importantly, their study
found that parathyroid tissue remains AF ex vivo even after
formalin fixation. In addition, in 5 cases NIRAF was able
to identify the PGs before the surgeon. This main finding
added up to the growing evidence of the feasibility and
usefulness of NIRAF for intraoperative PGs identification.
Nevertheless, in their study false positives were also noted
arising from colloid nodules.

Following these institutional experiences using NIR
imaging, a multicenter study was done to assess how this
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technology could facilitate the detection of PGs during
both thyroidectomy and parathyroidectomy. The authors
included 210 patients from three tertiary-care centers.
The primary outcome measured was if the PGs were
first detected by the surgeon’s naked eye or with NIRAF.
The overall sensitivity observed for NIRAF was 98%, in
addition, 46% of the cases the PGs were not seen by the
naked eye due to coverage by soft tissue but were detectable
with NIRAF without any further dissection (17). The
authors concluded that NIRAF could be an adjunct for
intraoperative PGs identification.

In a similar way, Ladurner er 4/. utilizing a different
commercially available NIR system for indocyanine green
(Karl Storz, Tittlingen, Germany) assessed the AF of PGs
during parathyroidectomy and thyroidectomy (18,19). This
system provided a wavelength of 690 to 770 nm and then a
filter modified camera recorded the surgical field. Using this
technique, the authors were able to reproduce the AF of the
PGs when stimulated with NIR, however, there were some
pitfalls as the camera was made to detect the fluorescence
of indocyanine green and not that somewhat weaker AF of
PGs (18). When the camera was used during thyroidectomy,
the sensitivity to identify PGs was 90% and even in one case
it recognized a gland during a central lymph node dissection
which was preserved for auto transplantation (19).

Comparing NIRAF to other dyes

NIRAF is not the only technology which has been studied
to help identify PGs during thyroidectomy. Actually, this
technology is at its early stages compared to others such as
methylene blue which have been used for over 40 years (8).
Methylene blue, indocyanine green and 5-aminolevulinic acid
have been used as adjuncts to PGs identification, nevertheless
they are all prone to side effects from its administration
(20,21). Contrastingly, NIRAF takes advantage of the
intrinsic AF of the PGs avoiding the dangerous side
effects of injecting other substances (22). Nevertheless, a
disadvantage of NIRAF when compared to indocyanine
green is the fact that AF using NIR persist ex vivo
limiting the evaluation of PGs perfusion (Figure 2) (20).

Approval for intraoperative use

In 2018, the Food and Drug Administration approved
two commercial systems for real-time parathyroid
identification (22). The Fluobeam (Fluoptics, Grenoble,
France), as previously described, relies on fluorescence
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imaging providing an image without quantification. On
the other hand the PTeye (Medtronic, Minneapolis, MN,
USA) relies on spectroscopy, providing a numerical value
when the probe gets in contact with the tissue. This device
was developed after the original studies by the Vanderbilt
University group using spectroscopy. Currently there are
no prospective trials comparing both technologies side to
side making the selection of one over the other dependent
on the surgeon’s preference.

In 2019, Thomas ez al. reported their experience using
PTeye (Medtronic, Minneapolis, MIN, USA) which was able
to be used with ambient operating room lights compared to
prior spectroscopy devices (23). In this study, the Overlay
Tissue Imaging System (OTIS) was evaluated as well. This
new device uses the principles of NIRAF imaging, however,
it is able to overlay the projection of the PGs AF in the
surgical field instead of a projection into a separate screen.
PTeye (Medtronic, Minneapolis, MN, USA) was able to
identify 98% of the PGs compared to a detection rate of
91% by experienced surgeons, all of this in the presence
of ambient operating room lights, allowing a continuous
surgical flow. On the other hand, OTIS was able to identify
97% of the PGs while providing true spatial context for
the signal (23). Though this ground-breaking device is able
to enhance PGs identification within the surgical field, the
creators consider additional optimization is needed prior to
be available for clinical use (24).

Does NIRAF decrease the rate of hypocalcemia
after thyroidectomy?

While there have been a growing number of papers
published in the past 10 years using NIRAF for PGs
identification, most of the studies have focus on the
feasibility of this technology but there is a relative paucity
of prospective studies analyzing its actual benefit (8).
Only a few studies have been published comparing the
use of NIRAF to surgeon identification of PGs during
thyroidectomy (25-27).

In the first study, the authors compared two time
periods in where the use of NIRAF was adopted by a single
surgeon (25). The primary outcome evaluated was
hypocalcemia defined as a calcium level <8 mg/dL. In
93 patients who underwent total thyroidectomy with the
use of NIRAF, hypocalcemia was found in 5.2% of the
cases compared to 20.9% when NIRAF was not used
(P<0.05). Even though the authors acknowledge the fact
that a Hawthorne effect could explain the difference seen in
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these two time periods, they attempted to control this with
a second group operated by a different surgeon. In fact,
the rates of hypocalcemia in total thyroidectomies done
by a second surgeon during the two time periods were not
different to the first control group but they were statistically
significant higher to the group where NIRAF was used.

Later on, a randomized controlled clinical trial
was carried out comparing the rates of postoperative
hypocalcemia between patients undergoing total
thyroidectomy with and without the use of NIRAF (26).
Using block-randomization in a 1:1 ratio with an estimated
incidence of the primary outcome of 40%, 85 patients
were included per group. The baseline characteristics did
not differed between groups with the majority of patients
undergoing surgery for cancer. In their results, the incidence
of hypocalcemia (<8 mg/dL) was 8.2% in the NIRAF group
compared to 16.5% in the control, nonetheless no statistical
significance was achieved (P=0.103). In spite of this, a
subgroup analysis accounting for hypocalcemia lower than
7.6 mg/dL showed statistically significant difference with
1.2% seen in the NIRAF group compared to 11.8% in the
control (P=0.005).

Our institutional experience in the use of NIRAF
during total thyroidectomy was unable to replicate these
findings (27). One hundred patients in which NIRAF was
routinely used during total thyroidectomy were compared
to 200 consecutive patients operated without this novel
technology. The procedures were done by the senior author
with the adjunct of surgical loupes in all cases. Although
the rate of incidental parathyroidectomy was higher in the
control group (14% vs. 6%, P=0.04), this did not impact the
patient outcomes in terms of transient hypocalcemia (6.5%
vs. 5%, P=0.798) nor permanent hypocalcemia (0.5% uvs.
0.0%, P=1.0).

These three studies are encouraging as it is possible
that NIRAF can improve patient outcomes and reduce
the rates of hypocalcemia after thyroidectomy. This can
be especially valuable for junior surgeons as recent studies
have demonstrated they have higher tissue misclassification
rate of PGs (28). However, further studies are still needed
to confirm these findings. Additionally, other limitations of
NIRAF should be noted as well.

Limitations of the technology

As previously mentioned, the difficulty of localizing PGs
is due to its small size, variable location and inconspicuous
color which mandates training of the surgeon’s eye to

Ann Thyroid 2023;8:5 | https://dx.doi.org/10.21037/a0t-22-31



Annals of Thyroid, 2023

achieve identification (7). NIRAF offers augmented
visualization of the PGs based on its fluorescence properties
but false positives can still arise (16). This false positive
mandate the training of the surgeon to properly identify
the AF of the PGs which brings some subjectivity to the
technology. This can be particularly important with NIR
imaging, as there is no direct fluorescence quantification. To
aid with this matter, artificial intelligence models have been
built to help identify PGs (29). Using machine learning on
PGs NIR images, a model was created with a recall and
precision of 90.5% and 95.7%, respectively. Other authors
consider that the inclusion of artificial intelligence can
further increase the benefits of NIRAF (30). In fact the use
of deep learning methods for PG detection has been by
other authors with similar findings (31,32).

Another limitation was the need to use this technology
with the room lights off as white light can interfere with
the reading. This need to shift between lights on and off
can theoretical slowdown the surgical flow, however newer
systems have bypassed this restriction. As discussed before,
the PTeye (Medtronic, Minneapolis, MN, USA) has the
advantage of working with the operating room lights
on (23). On the other hand, this device works by contact
necessitating the tissue to be at least partially dissected in
able to provide a signal and the surgeon needs to at least
point to the area of interest. Fluobeam (Fluoptics, Grenoble,
France) offers a more wide evaluation of the surgical field
but the tissue penetration of NIR is about 3 mm and deeper
structures will not be clearly recognized (5). In addition,
the use of a separate screen can contribute to a mismatch
of the surgical field with the NIRAF image, which would
theoretically be solve once OTIS is available (23,24).

As mentioned before, a limitation of NIRAF is that it
fluorescence persist ex vivo limiting the evaluation of PGs
perfusion. Nevertheless, new studies have reported the
use of imager splitter with a software processor to aid in
the identification of PGs as well as dye-free angiography
to evaluate its perfusion in four patients (33). These
preliminary results suggest that dye-free angiography
is possible. In a similar way, another group used laser
speckle contrast imaging (LSCI), which allows for real-
time superficial flow assessment, to evaluate parathyroid
perfusion (34). In their study, LSCI values were able to
differentiate hypocalcemia in 72 patients undergoing
thyroidectomy.

As newer cameras seem to increase the detection rate of
PGs compared to older generations, it is likely that in the

© Annals of Thyroid. All rights reserved.

Page 5 of 7

future more studies will demonstrate the benefit of NIRAF
during thyroidectomy and parathyroidectomy (35). The
compilation of evidence suggests that NIRAF appears to be
helpful for identification and preservation of PGs during
thyroidectomy at this time (36). Even though incidental
parathyroidectomy is lower in the hands of experience
surgeons, this technology could furthermore decrease its rate.
On the other hand, some evidence also suggests that NIRAF
utility is intensified when used by junior surgeons (37).

Conclusions

Parathyroid tissue has an intrinsic fluorophore which
emits AF while stimulated with NIR light. The feasibility
of NIRAF for intraoperative PGs identification has been
demonstrated with different technologies. It appears
that NIRAF can improve the rates of hypocalcemia after
thyroidectomy, however, further studies are needed to
confirm this finding. Further studies in this area should
also include cost analysis as well as comparison between the
available devices.
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