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Abstract: Parathyroid fluorescence has emerged as a useful adjunct for the detection and preservation of
parathyroid glands during both thyroidectomy and parathyroidectomy. When viewed under near-infrared
light, parathyroid tissue has autofluorescent properties, which can be used to identify the parathyroid glands
and distinguish them from the surrounding cervical tissues, including lymph nodes, thyroid, and fat. This
near-infrared autofluorescence (NIRAF) is based on intrinsic fluorophores within parathyroid tissue and
does not evaluate tissue viability. However, the addition of an intravascular fluorescent contrast, such as
indocyanine green, can help evaluate gland perfusion. These techniques are safe, require no radiation, and
can be easily integrated into the surgical workflow. Though long-term clinical outcomes data, including
improvement of post-thyroidectomy hypoparathyroidism and cure of hyperparathyroidism using parathyroid
NIRAF and contrast-enhanced parathyroid fluorescence is currently lacking, promising data is emerging that
these techniques may improve parathyroid identification and preservation during cervical surgery. They may
also be particularly useful in teaching trainees. In this article, we describe the techniques of probe-based and
image-based detection of parathyroid NIRAF, as well as contrast-enhanced parathyroid fluorescence. We
explore the current literature surrounding these modalities, discuss advantages and limitations of the various

techniques, and provide practical guidance for their use and integration into surgical practice.
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Introduction parathyroidectomy, and inability to localize and confirm

Accurate and expedient identification of parathyroid normal glands may result in lengthy and unnecessary

glands is crucial to successful thyroid and parathyroid
surgery. Inadvertent injury or resection of the parathyroids

additional exploration. Typically, parathyroid glands are
identified intraoperatively by visual inspection. Needle

during total thyroidectomy leads to hypoparathyroidism, a aspiration for parathyroid hormone (PTH) and frozen

common complication associated with long-term morbidity
(1,2). During parathyroid surgery, inability to detect a
hyperfunctioning parathyroid adenoma results in failed

section pathology can be useful intra-operative adjuncts,
but are only suitable for confirmation of identified glands;
neither method can help surgeons localize parathyroid

A ORCID: 0000-0002-1974-2384.

© Annals of Thyroid. All rights reserved.

Ann Thyroid 2020;5:26 | http://dx.doi.org/10.21037/a0t-20-56


https://crossmark.crossref.org/dialog/?doi=10.21037/aot-20-56

Page 2 of 12

glands or ensure an intact blood supply. Moreover, both
methods require time and additional cost for analysis
outside of the operating room.

In order to achieve real-time intraoperative identification
and confirmation of parathyroid glands without physically
excising tissue—some call it an “optical biopsy”—
several fluorescence techniques have been investigated.
Fluorescence occurs when a substance absorbs radiation
(in the form of light or X-rays) at one wavelength,
and quickly emits radiation at a longer wavelength.
Chemical compounds with fluorescent properties, called
“fluorophores”, can be naturally occurring in some tissues,
causing “autofluorescence” when excited by an external
light source. Alternatively, extrinsic fluorophores, such as
contrast agents, can be added to enhance tissue fluorescence.
To optimally produce and detect fluorescence, systems
and devices may generate and filter particular wavelengths
for excitation, detect and filter fluorophore emissions, and
process and relay emission data to the user.

Intrinsic near-infrared autofluorescence (NIRAF)
of parathyroid glands was first described in 2011 by
researchers at Vanderbilt University, who noted that
parathyroid fluorescence was consistently higher than
that of the thyroid and other surrounding tissues, both in
normal and hyperfunctioning glands (3). Near-infrared
(NIR) light is particularly useful for intra-operative imaging
guidance because it is safe, invisible (causing no disruption
to visualization of the operative field), and because its longer
wavelengths allow deeper penetration into living tissue (4,5).
Currently, two devices are approved by the U.S. Food and
Drug Administration (FDA) that use NIRAF-based real-
time detection of parathyroid tissue: Fluobeam® (Fluoptics,
Grenoble, France) and the Parathyroid Detection PTeye®
System. (AiBiomed Corp., Carlsbad, CA, USA) (6).

Autofluorescence, because it is based on intrinsic
properties of the parathyroid tissue, does not depend on,
nor can it evaluate, the viability of tissue (7). However,
when NIR fluorescent dye indocyanine green (ICG) is
injected intravascularly, the additional fluorescent contrast
allows for real-time assessment of vascularization and
perfusion of parathyroid tissue (8). In this article, we will
provide a brief description of fluorescent technologies used
for the identification of parathyroid glands, and describe
their applications for thyroid and parathyroid surgery.

Parathyroid fluorescence in thyroid surgery

Hypoparathyroidism is the most common complication
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of total thyroidectomy and re-operative thyroid surgery,
with a median incidence of temporary hypoparathyroidism
of approximately 27% (9,10). Although transient
hypoparathyroidism is rarely a difficult clinical problem
because it is effectively treated with oral calcium, permanent
hypoparathyroidism requires lifelong therapy and lead
to significant morbidity, as well as increased mortality
(2,11). Impaired parathyroid function after thyroid surgery
can be caused by intentional or unintentional removal of
parathyroid glands, as well as thermal or mechanical injury,
or disruption of the glands’ delicate arterial supply or
venous drainage.

Surgeons aim to preserve all four parathyroid glands
during thyroid surgery, but resection of one or more glands
may be necessary based on the extent of thyroid disease. In
order to safely preserve as many glands as possible, surgeons
must be able to recognize and identify parathyroid tissue,
which can be challenging due to their small size and similar
color to the surrounding thyroid, lymph nodes, and fatty
tissue. Experienced surgeons use anatomical landmarks to
mentally map expected locations and attentively explore
those areas for visual confirmation (9). Once the glands are
identified visually, if necessary, parathyroid tissue can be
confirmed with either needle aspiration for PTH or frozen
section pathologic examination. However, despite these
measures, incidental parathyroidectomy is common, and has
been noted in approximately 16-22% of thyroid surgeries
(12-15). Parathyroid glands that have been devascularized
in the course of dissection can be autotransplanted into
intramuscular pockets with good success (16). End of case
or immediate postoperative measurement of serum PTH is
highly accurate for predicting symptomatic postoperative
hypocalcemia (17), but is not a preventative measure.

NIRAF in thyroid surgery

Fluorescence with NIR light can be used to help identify
and preserve parathyroid glands during dissection, either
through detection of autofluorescence from the glands
themselves, or by contrast-enhanced fluorescence using
injectable fluorescent dye. The responsible fluorophore for
NIRAF within the parathyroid glands remains unknown.
However, several theories have been suggested, including
those attributing autofluorescence to calcium and vitamin
D receptors, a difference in cellular density, and the
presence of a pseudo-colloid in the glands (18). NIRAF
persists after parathyroid resection, and remains even after
formalin fixation or cryopreservation, indicating that the

Ann Thyroid 2020;5:26 | http://dx.doi.org/10.21037/a0t-20-56



Annals of Thyroid, 2020

responsible fluorophore is a chemical structure inherent
to the gland, and not dependent upon perfusion or gland
viability (7,19,20). In this section, we will discuss the two
FDA approved systems (image-based and probe-based) and
discuss their unique strengths and weaknesses.

Image-based NIRAF systems
The Fluobeam® Systems (both the original Fluobeam® 800
Clinical System and the updated Fluobeam® LX) (Figure I)
excite tissues at 750 nm. The device then collects signals for
wavelengths over 800 nm and displays them as video images
in real time (7). The probe is covered with a sterile sleeve
for intra-operative use, but no part of the system directly
touches the patient. The working distance of the probe is
approximately 20 cm. Video or still images are stored and
may be analyzed post hoc for quantification of fluorescence.
The reported sensitivity of the Fluobeam® device

Figure 1 The Fluobeam® LX device, consisting of an imaging

probe, console, and touchscreen display.
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ranges from 94-100% (7,21-23). Several studies of patients
undergoing total thyroidectomy with the Fluobeam® device
have demonstrated a higher parathyroid identification
rate and lower rate of postoperative hypocalcemia (24,25).
In an international multicenter trial, nearly half (46%)
of parathyroid glands were identified with NIRAF first
before being identified with the naked eye. Notably, smaller
parathyroid glands were less likely to be localized with
visual exploration than with NIRAF (21).

In a multicenter randomized trial by Benmiloud et al.,
NIRAF was found to reduce the risk of post-operative
hypocalcemia in a multivariate analysis adjusting for center
and surgeon heterogeneity and confounders. In this study,
fewer patients underwent parathyroid autotransplantation in
the NIRAF group, and the number of inadvertently resected
parathyroid glands was also significantly lower (26). Other
studies, however, have found no difference in postoperative
hypocalcemia between NIRAF and control groups, nor in
rates of parathyroid autotransplantation (27,28), and results
on inadvertent parathyroidectomy are mixed.

Probe-based NIRAF systems

The PTeye® system includes a disposable, sterile, fiber-optic
probe, connected to a console containing a NIR diode laser,
detector, and interactive display (Figure 2). The probe serves
as a conduit for both the laser and the detector. The tip of
the probe touches the tissue to be examined and the laser
is activated by a foot pedal. The quantitative fluorescence
is displayed, as well as the ratio between the tested tissue
and background baseline, and it beeps (auditory signal) if
the signal detected is 120% or more of the background.
The background is set at start of the case by averaging 5

alt wpa..

Figure 2 The PTeye® system includes a disposable, sterile, fiber-optic probe, connected to a console containing a NIR diode laser, detector,

and interactive display (A). The tip of the probe touches the tissue to be examined (A) and the laser is activated by a foot pedal (B), left side

of photo. NIR, near infrared.
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Table 1 Practical use of near-infrared autofluorescence detection devices in thyroid and parathyroid surgery

Surgery

Probe-based

Image-based

Thyroidectomy (for
identification of normal
parathyroid glands)

Parathyroidectomy (for
identification of both
normal and abnormal
parathyroid glands)

During dissection: candidate parathyroid gland/s can
be probed. If high signal and likely to be parathyroid
gland/s, surgeon can attempt to protect and keep
vascular supply intact

After excision: probe and confirm the parathyroid
glands remain in the dissection bed and visually
check for likelihood of viability if left in situ

After excision: visually inspect the thyroid specimen
and probe area/s that appears to be parathyroid
tissue. If high signal, excise and confirm by PTH
aspirate or frozen section, then autotransplant to
cervical muscle

During exploration: check candidate adenoma/s. High
signal can be from either normal parathyroid gland or
parathyroid tumor and will require further dissection to
confirm

After excision: probe the excised tissue to confirm it
has high signal (likely parathyroid). If there is a normal
cap on the tumor, expect the normal parathyroid cap
to have higher signal than the tumor

After excision: probe the area of excision for potential
residual tumor. This should be done especially if a
parathyroid tumor was very adherent to the thyroid or
if there is concern for a dumbbell shaped tumor that

During dissection: image the area exposed before
extensive dissection to identify candidate parathyroid
gland/s and attempt to protect and keep their
vascular supply intact during dissection

After excision: scan the bed of dissection to identify
remaining parathyroid glands and visually check for
likelihood of viability if left in situ

After excision: scan the thyroid specimen and identify
high signal area/s that may be parathyroid tissue.
Excise such tissue and confirm by PTH aspirate or
frozen section, then autotransplant to cervical muscle

During exploration: scan dissected area. Bright image
signal can be from a normal parathyroid gland or a
parathyroid tumor and will require further dissection
to confirm

After excision: scan the excised tissue to confirm it

is bright (likely parathyroid). If there is a normal cap
on the tumor, the normal parathyroid cap is usually
brighter than the tumor. Large parathyroid tumors can
appear heterogenous in brightness

After excision: scan the area of excision for potential
residual tumor. This should be done especially if a
parathyroid tumor was very adherent to the thyroid or
if there is concern for a dumbbell shaped tumor that

was only partially excised

was only partially excised

PTH, parathyroid hormone.

measurements on different areas of the thyroid gland, and
adjusted if necessary by testing it on other parts of the
thyroid gland. Because the device tip touches the tissue
of interest (thus with minimal distance), the system is not
affected by operating room lights or surgical headlamps
(29,30).

The reported sensitivity of the probe-based PTeye® device
and its precursors ranges from 96-100% (5,23,29,31). The
pre-commercial system showed peak parathyroid fluorescence
to be 1.2 to 29 times than that of thyroid fluorescence, with
an overall accuracy of 97% (32). In a study of the commercial
PTeye® device, Thomas et al. demonstrated an overall
accuracy of 96.1%, which increased to 97.4% when excluding
secondary renal hyperparathyroidism, which has been shown
to have lower NIRAF intensity, leading to false negative
results (29). One study found that pre-operative calcium and
vitamin D levels, patient body mass index (BMI), and disease
state (benign vs. malignant thyroid disease, hyperthyroidism,

© Annals of Thyroid. All rights reserved.

or hyperparathyroidism) affect parathyroid fluorescence,
while patient age, gender, ethnicity, and PTH levels had no
effect (32).

Image based vs. probe-based NIRAF systems

Both image-based and probe-based systems appear to
accurately identify parathyroid glands, noninvasively
and in real-time. Tips for practical use of these devices
during thyroid surgery are discussed in Table 1. Whether
they improve clinical outcomes, such as inadvertent
parathyroidectomy and post-operative hypocalcemia, is
still being investigated. Though both systems are FDA-
approved, each has specific benefits and drawbacks. The
Fluobeam® systems are contactless, and display a large
field of view of all fluorescing tissue. This can be useful
for mapping locations of glands, even if they have yet to
be visually identified by the surgeon under white light
(Figure 3). However, the device is operator-dependent,
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Figure 3 A subcapsular, normal parathyroid gland is detected with image-based near-infrared autofluorescence ex vivo following

total thyroidectomy (A). This gland was not discovered during dissection with white light (B), but once identified was dissected and

autotransplanted.

both in requiring the surgeon to estimate the suggested
20-cm distance from the surgical field and hold the hand-
held device steady for optimal imaging, as well as requiring
the surgeon to visually interpret the images. Notably, false
positive signals have been described with image-based
systems both from colloid thyroid nodules and brown
adipose tissue (7). Anecdotally, such false positive signals
have also been seen with the probe-based system. Although
room lights can remain on, the visual signals are better
without direct illumination of the field by the spotlights
or surgeon’s headlamp, thus requiring the operative lights
to be turned off and back on during the procedure. The
imaging process takes approximately 1 minute for each area
imaged (21).

The probe-based PTeye® device is similar in interface
and method of use to the nerve monitor probe, already a
commonly used device for many thyroid and parathyroid
surgeons. However, it requires direct contact with the
specific tissue of interest, so a likely parathyroid gland
must be identified before “confirmation” with the device.
The device also requires an initial calibration to set the
background and adds time to the beginning of each
procedure.

Notably, both devices are limited by the depth of
penetration of light in biological tissue. To be detected, the
suspected parathyroid gland must be no deeper than a few
millimeters below the overlying tissue (30). Because of this,
NIRAF would not be likely to help identify ectopic glands,
such as those in the thyroid, mediastinum, or carotid sheath.
Of course, of these, only intra-thyroidal glands are at risk of
inadvertent removal during thyroidectomy.

© Annals of Thyroid. All rights reserved.

Contrast-enbanced parathyroid fluovescence in thyroid
surgery

NIRAF is inherent to the chemical makeup of parathyroid
gland tissue and cannot be used to evaluate viability or
perfusion. However, perfusion to the gland can also be
assessed with NIR light by using contrast-enhanced
fluorescent dye. The most commonly used dye is ICG,
which provides a higher signal-to-background ratio than
other agents, with an emission peak at 830-835 nm (30).
ICG is a fluorescent dye originally developed for use
in NIR photography by Kodak Research Laboratories
in 1955 and approved for clinical use in 1956. When
injected intravenously, ICG binds to plasma proteins,
confining the dye intravascularly. It has a mean half-
life of 3.4 minutes and is rapidly taken up by hepatocytes
and excreted into bile. These properties have made ICG
clinically useful, particularly for angiography (33,34) and
biliary imaging (35). ICG does not target parathyroid
tissue, but because parathyroid glands are well-vascularized,
the intravascular dye highlights the contrast between the
gland and the poorly vascularized surrounding tissue, such
as fat and thymus. The addition of ICG in the evaluation
of parathyroid glands provides increased fluorescence (a
brighter image), and enables deeper tissue imaging than
NIRAF alone (30).

ICG preparation is similar to that used during
abdominal surgery, with 25 mg of powder suspended in
10 mL of sterile water, and 1-3.5 mL of this solution
injected through a peripheral vein. Injections can be
repeated up to a maximum dose of 5 mg per kg per day

Ann Thyroid 2020;5:26 | http://dx.doi.org/10.21037/a0t-20-56



Page 6 of 12

Annals of Thyroid, 2020

Table 2 Practical use of contrast-enhanced fluorescence imaging in thyroid and parathyroid surgery

Surgery

Use

Thyroidectomy (for

identification of normal
parathyroid glands and
confirm their perfusion)

Parathyroidectomy (for

During dissection: inject contrast when candidate upper and lower parathyroid glands on the side of interest
have been found, but just before extensive dissection. Identify parathyroid glands, which will have much
higher perfusion. Also note the arterial supply of the parathyroids, especially if it is circuitous, and protect it
during dissection

After excision: inject contrast and inspect the parathyroid glands remaining in the dissected area. Note and
grade the perfusion (2 = excellent, 1 = some perfusion, 0 = no perfusion). Non-perfused parathyroid gland can
be excised, confirmed by PTH aspirate or frozen section, then autotransplanted to cervical muscle

After excision: presence of at least one perfused parathyroid gland on the initial side of dissection is associated
with a lower risk of postoperative hypoparathyroidism and may influence the decision to continue dissection on
the contralateral side

During exploration: inject contrast when candidate parathyroid tumor is found. Confirm high perfusion and note

identification of both
normal and abnormal
parathyroid glands and
confirm their perfusion)

the vascular supply to aid dissection

Planning of subtotal parathyroidectomy: expose and dissect all four glands. Inject dye to confirm glands have
good perfusion. Partially excise the gland planed for subtotal resection. If the subtotally resected remnant has
good perfusion, excise the other glands. If not, subtotally resect the next candidate gland and inject dye to

confirm perfusion. This can be repeated until a well perfused remnant is confirmed

Note: once contrast has been used, the tissue fluorescence signal will overwhelm the ability to detect autofluorescence by either
image-based or probe-based device. This needs to be considered in the planning of operation.

(34,36). Approximately 1-2 minutes after injection, a NIR
fluorescence imaging camera (e.g., the SPY® system by
Stryker; Kalamazoo, MI, USA) is used to acquire images.
Imaging systems typically include both a NIR-only view in
grayscale, as well as a combined white light and fluorescence
overlay view. The newer Fluobeam® LX also has a setting
for contrast-enhanced imaging. Similar to image-based
NIRAF systems, there is no real-time quantification of
fluorescence with ICG contrast-based fluorescence imaging.
However, surgeons have used visual scores to assess gland
perfusion, with grade 0 = not vascularized (black), grade
1 = moderately vascularized (gray), and grade 2 = well-
vascularized (white) (34,37,38). ICG can be administered
and fluorescence imaging performed both early in the
thyroidectomy dissection to identify parathyroid glands,
and at completion of the dissection to assess perfusion and
thus viability of the parathyroid glands left in situ. Table 2
provides a practical guide for the use of contrast-enhanced
parathyroid imaging during thyroidectomy.

The term “ICG angiography” is frequently used
synonymously for “ICG fluorescence imaging”. To avoid
confusion, we use ICG angiography to mean using ICG to
map the vascular supply (definition of “angiography”) and
ICG fluorescence imaging to denote both angiography and
assessment of perfusion.

In a Swiss study of 36 thyroidectomy patients with at

© Annals of Thyroid. All rights reserved.

least one well-vascularized parathyroid gland visualized by
ICG fluorescence imaging, 100% had normal post-operative
PTH levels (34). This finding was confirmed in larger group
of 146 patients with at least one well-vascularized gland,
who were randomized to receive either standard follow-
up with routine calcium supplementation or no calcium
supplementation. None of the patients had hypocalcemia
or hypoparathyroidism on post-operative day 10 (37). Most
studies to date have demonstrated correlation between ICG
uptake in the parathyroid glands and post-operative PTH
levels (8,39). However, limited results from U.S. studies have
been somewhat less definitive. A U.S. study of 86 patients
undergoing ICG fluorescence imaging during thyroidectomy
found that the sensitivity of at least one well perfused
parathyroid gland in predicting normal post-operative PTH
was only 58%; two or more well perfused glands increased
the sensitivity, but only to 72% (40). An additional U.S. study
found no significant difference in post-operative PTH change
or post-operative hypocalcemia between groups with good
vs. poor ICG perfusion patterns (38). Correlation between
parathyroid perfusion on ICG fluorescence imaging and
post-operative parathyroid function, as measured by PTH
levels, is complicated by the fact that not all parathyroid
glands are routinely identified during thyroidectomy.
Mechanisms to quantify and/or standardize the evaluation
of perfusion with ICG fluorescence may also further clarify
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the association between ICG fluorescence imaging and
parathyroid function, and will provide more robust data for
future studies.

The main benefit of ICG over NIRAF is the ability
to assess gland perfusion. ICG allows for real-time
intraoperative imaging without exposure to radiation. ICG
is nontoxic and nonionizing, though the injection solution
does contain some sodium iodide, and an allergic reaction is
possible, leading many practitioners to avoid use in patients
with iodine allergy (33,41). While more data is required to
confirm the correlation between ICG fluorescence imaging
and post-operative parathyroid function, most studies
have found that patients with evidence of good perfusion
to at least one to two glands do not develop permanent
hypoparathyroidism. While NIRAF can help localize and
identify the presence of parathyroid tissue, a devascularized
gland has the same appearance as a normal gland,
though it will not function postoperatively. Compared to
intraoperative serum PTH measurement, another test of
postoperative parathyroid gland function that provides a
collective assessment of all viable glands, ICG can provide
data about individual gland perfusion.

Because of their complementary functions, both NIRAF
and ICG contrast-based fluorescence imaging may be
used during thyroidectomy to both identify and confirm
parathyroid tissue, as well as assess perfusion. However,
because of the much stronger fluorescence of ICG, which
persists over time, it is not possible to detect the innate
autofluorescence of the parathyroid glands even after a
single ICG injection. If NIRAF assessment is planned, it
should be performed before ICG fluorescence imaging.
The residual fluorescence after ICG administration
lessens contrast between the parathyroid glands and the
surrounding tissue, so while multiple ICG injections are
possible, the diminishing contrast should be considered
during visual assessment.

Fluorescence in parathyroid surgery

The hallmark of successful parathyroidectomy is the
removal of abnormal parathyroid tissue and preservation
of normal parathyroid tissue. In 80-85% of cases, primary
hyperparathyroidism (PHPT) is caused by a solitary
parathyroid adenoma, while four-gland hyperplasia
accounts for 10-15% of cases, multiple adenomas for 5%,
and parathyroid carcinoma for <1% (42). Pre-operative
imaging is often performed to assist the surgeon in
localizing the abnormal gland(s) during surgical planning,

© Annals of Thyroid. All rights reserved.
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and can help surgeons select appropriate patients for
focused versus bilateral exploration. Although cure rates
of parathyroidectomy for PHPT are >95%, intraoperative
identification of parathyroid glands can be challenging
even for experienced surgeons. Failed explorations and
persistent disease result from the inability to detect and
remove hyperfunctioning parathyroid glands. Adjuncts
such as radioguidance with sestamibi or methylene blue dye
injection have been described for intraoperative localization,
but have not gained widespread use (41).

Imaged-based and probe-based detection of
autofluorescence and ICG fluorescence imaging may be
used during parathyroidectomy for real-time identification
of parathyroid glands, as well as aiding in differentiating
between normal and abnormal glands. Tables 1,2 provide
practical guides for the use of NIRAF devices and contrast-
enhanced parathyroid imaging during parathyroidectomy.
Studies have demonstrated autofluorescence, either by
image-based or probe-based devices, identified 91-100%
of parathyroid glands during parathyroidectomy for PHPT
(32,43-45). In one series of patients with parathyroid disease
and negative preoperative localization, 21% of abnormal
glands were recognized with autofluorescence before
visual identification by the surgeon (46). Hyperfunctioning
parathyroid glands have been shown to exhibit a
heterogeneous pattern of autofluorescence and lower
average autofluorescence intensity than normal parathyroid
glands (Figure 4) (44). Often in parathyroid adenomas, there
is a “cap” of normal tissue at one end, which may appear as
a rim of intense signal compared to the remainder of the
gland on image-based NIRAF (45). A negative correlation
between serum calcium and intensity of autofluorescence
has been described, as well as between serum PTH and
autofluorescence in renal hyperparathyroidism only (43).
Interestingly, glands in renal hyperparathyroidism appear
to have less fluorescence overall, particularly in glands
with diffuse chief cell hyperplasia. Glands with oxyphil
predominance tend to have increased autofluorescence
(32,43).

When used for parathyroid localization and assessment
of perfusion during parathyroidectomy, ICG fluorescence
imaging is typically performed using a double injection
protocol; the ICG is injected once the central neck is
exposed and the thyroid retracted medially on each side (39).
In one study, 93% of identified parathyroid glands
demonstrated ICG uptake overall. Using a graded scale,
a higher degree of fluorescence was seen in patients with
serum calcium levels >11 mg/dL, and in glands larger than
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Figure 4 Ex vivo right upper parathyroid adenoma, visualized with image-based near-infrared autofluorescence (A) demonstrates

heterogeneity of fluorescent signal. The brighter area at the inferior border of the specimen correlates to a “cap” of normocellular

parathyroid tissue; (B) demonstrates the same specimen under white light.

10 mm (41). ICG fluorescence imaging may be particularly
useful during subtotal parathyroidectomy in order to
evaluate the viability of the parathyroid remnant. Typically,
the most normal looking gland, based on visual evaluation
of its color and subjective appearance, is left in place or
chosen for subtotal resection. ICG fluorescence imaging
theoretically decreases the risk of permanent post-operative
hypoparathyroidism by confirming that the parathyroid
remnant is well-perfused before resecting the other glands.
In a small case series utilizing this technique, no patients
had permanent hypoparathyroidism, but ICG fluorescence
imaging did not prevent immediate post-operative
hypocalcemia in this high-risk population (47). In a small
study of patients with secondary hyperparathyroidism,
patients undergoing ICG fluorescence imaging had
shorter operative times, and lower rate of persistent
hyperparathyroidism, suggesting possible benefit in this
population (48).

Significance and clinical applications

Parathyroid fluorescence, whether probe-based or image-
based detection of NIRAF or contrast-enhanced imaging
with ICG, has emerged as a useful adjunct for the
identification and preservation of parathyroid glands during
both thyroidectomy and parathyroidectomy. Tables 1,2
provide practical guidance for the use of these modalities,
and for integrating them into surgical practice, while 7able 3
highlights some of the distinct advantages and limitations of
the various modalities.

Current surgical training teaches parathyroid identification

© Annals of Thyroid. All rights reserved.

by anatomic mapping and visual assessment of subtle
variations in gross pathology. Years of operative experience
and higher operative volume can improve rates of parathyroid
identification and preservation during thyroidectomy (49,50),
but surgical techniques such NIRAF and contrast-enhanced
fluorescence may be particularly beneficial as educational
adjuncts for residents or less experienced surgeons in training.
These techniques can assist the surgeon in identifying
the glands, as well as, in the case of contrast-enhanced
angiography, their feeding vessels. Being able to accurately
identify parathyroid glands in real-time noninvasively could
avoid unnecessary time-consuming, costly, and potentially
injurious frozen section biopsy (23).

The cost-effectiveness of these techniques remains
uncertain. The current FDA-approved commercial devices
require initial costs for hardware, as well as costs per
procedure for consumables (sterile sheath for the image-
based device and probe for the probe-based device). In
addition to the FDA-approved commercial devices discussed
above, several lab-built non-commercial devices have also
been described, including a Raspberry Pi-based device (51),
modified Karl Storz NIR endoscopic system (52-54),
and filtered light emitting diode (LED) plus night vision
goggle system (55). The goal of these modified systems is
to provide a lower-cost method for capturing parathyroid
autofluorescence using less expensive, or already available,
equipment. With an estimated 82,000 total thyroidectomies
and parathyroidectomies performed in the United
States every year (56,57), increasing incidence of thyroid
cancer and thyroid operations (56,58), and significant
healthcare resource utilization of patients with chronic
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Table 3 Modality-specific advantages and limitations of image- and probe-based near-infrared autofluorescence devices and contrast-enhanced

fluorescence

Image-based NIRAF

Probe-based NIRAF

Contrast-enhanced fluorescence

Advantages Contactless

Provides wide field of view for gland
“mapping”

Reusable device

Multiuse; may be used for other
fluorescent imaging

Limitations  Operator dependent for use and
interpretation

Optimal view requires ambient lights to
be turned off*

Cannot assess gland perfusion or
viability without contrast administration

Real-time quantitative fluorescent intensity
measurements

Audible signal for positive identification

Requires contact with tissue in specific area
of interest (typically requiring visual
identification prior to device confirmation)

Requires re-calibration for each patient

Provides assessment of
parathyroid gland perfusion and
viability

Unaffected by normal operating room lights

Compact device can fit in small incisions

Requires fluorophore injection
(with ICG, possible allergic reaction
in patients with iodine allergy)

Evaluation by NIRAF not possible
after ICG injection

Cannot assess gland perfusion or viability

*, Newer Fluobeam LX advertised as compatible with ambient lights; data pending. NIRAF, near-infrared autofluorescence; ICG,

indocyanine green.

hypoparathyroidism (59), even a small reduction in surgical
complications through accurate and efficient parathyroid
identification with fluorescent technologies could have a
positive economic impact (23). However, an accurate analysis
of cost-effectiveness of these techniques will require more
robust and long-term data on their clinical benefits (45).

Conclusions

In this chapter, we have described some of the benefits
and pitfalls of image-based and probe-based NIRAF
and contrast-enhanced fluorescence imaging with ICG,
but all have been shown to be accurate in parathyroid
identification. The techniques described are safe, require
no radiation, and can be easily integrated into the surgical
workflow. They may be useful in teaching trainees to
find and preserve parathyroid glands. Long-term data
on post-thyroidectomy hypoparathyroidism and cure of
hyperparathyroidism using these techniques is currently
lacking, as is evaluation of their cost-effectiveness, and
the results of ongoing appropriately powered trials may
elucidate their true clinical impact.
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