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Abstract: Contrast-free autofluorescence (AF) of the parathyroid glands (PTGs) and thyroid tissue occurs 
in the near-infrared (NIR) spectrum on excitation by light in the upper range of the visible spectrum or 
lower NIR spectrum. In vivo, PTGs autofluoresce more brightly than thyroid (by a factor of 2–20 times) 
and appear as a bright spot against surrounding thyroid, muscle or fat on a processed image which is 
generated in real-time. NIR-AF of PTGs was first described in 2009 although NIR-AF had previously 
been used in several other clinical applications. Since then there has been a great amount of interest in the 
use of NIR-AF in thyroid and parathyroid surgery with over 25 published reports of the utilisation of both 
self-built and proprietary NIR-AF devices in neck endocrine surgery. All of these reports have confirmed 
the feasibility of NIR-AF intraoperatively and its ability to detect PTGs, although the reported accuracy 
varies from 90–100%. Reports of the effect of NIR-AF on relevant clinical endpoints i.e., post-operative 
hypoparathyroidism in thyroidectomy and persistent disease in parathyroidectomy are however scant. There 
has been one multicentre clinical trial of NIR-AF in thyroidectomy but this did not report clinical outcomes 
and two single-centre, non-randomised studies which did report post-operative hypoparathyroidism but 
with differing results: one showing no benefit in 106 NIR-AF vs. 163 controls and one, a reduction of 
early hypocalcaemia from 20% to 5% in 93 NIR-AF patients vs. 420 controls. There were only 2 cases of 
permanent hypoparathyroidism across both studies and therefore no significant observable difference in 
this key outcome variable. In parathyroidectomy, possible variability of the AF signal due to composition of 
a PTG adenoma, secondary/tertiary disease and MEN1 as well as depth-penetration preventing detection 
of sub-surface PTGs would imply that NIR-AF in its current form is not well-placed to improve cure-
rates in hyperparathyroidism, which may already be as high as 98%. Thus far, no study has addressed this. 
Despite the promising results of NIR-AF, the absence of data demonstrating an improvement in outcomes 
and the cost of its use currently limit its use in routine clinical practice, especially in a publicly funded 
healthcare system with budgetary constraints. However, it can be utilised in research settings and this should 
be undertaken within the context of well-designed and conducted randomised, multi-centre, appropriately 
powered studies, which will assist in establishing its role in neck endocrine surgery. 
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Introduction

Background

Surgery of the thyroid and parathyroid glands (PTGs) has 
evolved considerably since the emergence of endocrine 
surgery as a specialty in the 1970s (1). Improvements in 
our understanding of the underlying disease processes, 
surgical anatomy and the collection of patient outcome data 
have informed the refinement of surgical techniques and 
dramatically enhanced results. 

Thyroidectomy surgical technique is designed to 
minimize the risk of injury to the recurrent and superior 
laryngeal nerves and to the PTGs while effectively 
treating the pathology. Preservation of the PTGs in situ 
requires early identification and preservation of their 
vascular pedicles using careful capsular dissection and the 
avoidance of excessive manipulation and exposure of the 
glands to thermal energy. However, even with meticulous 
surgical technique, PTGs may be rendered non-viable 
or inadvertently removed. If a nonviable parathyroid is 
recognised during surgery, autotransplantation may be 
undertaken: in this simple technique, parathyroid tissue 
is morcellated, suspended in a balanced salt solution and 
injected into the sternocleidomastoid muscle. When 
performed correctly this appears to reduce the incidence of 
post-operative hypoparathyroidism (2,3).

Parathyroidectomy consists in the identification of 
the PTGs and the removal of those responsible for the 
biochemical abnormality, curing the hyperparathyroidism, 
without the irreversible damage or removal of normally 
functioning PTGs that could result in hypoparathyroidism. 
At present, this relies upon the judgement and experience 
of the surgeon (4) and although excellent cure rates of up 
to 98% may be achieved in the best centres (5), there is 
considerable cost and morbidity associated with failure to 
cure and reoperations (6,7).

Technological adjuncts to permit the recognition and 
viability of PTGs are therefore a very attractive proposition 
in both thyroid and parathyroid surgery.

Autofluorescence (AF)

AF is the emission of light by a naturally-occurring 
fluorophore, on excitation by incident light of a specific 
wavelength (8). The term AF distinguishes the fluorescence 
produced by an endogenous fluorophore from that resulting 
from the application of a synthetic fluorescent marker such 
as indocyanine green (ICG). Several human tissues exhibit 

the property of AF, examples of commonly encountered 
fluorophores being NADPH, the flavins, collagen, elastin 
and cholecalciferol. Each fluorophore emits AF of a specific 
wavelength with the majority of biological substrates having 
a peak signal intensity below 800 nm, i.e., in the UV and 
visible light range.

The property of AF in a tissue therefore varies depending 
on the presence of a fluorophore/fluorophores, their 
concentration and the wavelength at which they emit AF. 
Consequently, tissue AF may be affected by pathological 
changes and it has therefore been exploited in a number of 
medical applications including dermatology, ophthalmology 
and oncological surgery (9-11). 

AF is one of a range of techniques known as ‘optical 
biopsy’, a term coined to describe the fact that pathological 
information may be deduced without physically excising 
tissue. 

History 

‘Native fluorescence’ was first described in the early 
1800s by Sir David Brewster in Edinburgh and the term 
‘Autofluorescence’ (AF) used subsequently by George 
Gabriel Stokes in Cambridge. Stokes also gave his name 
to the phenomenon whereby the wavelength of light 
emitted by a given tissue differs from that of the exciting 
light: ‘the Stokes shift’. This property is seen in both 
Raman spectroscopy and AF (12). The use of ‘optical 
biopsy’ in parathyroid tissue was first described in 2006 
by Das et al. (13) who used Raman spectroscopy with an 
incident wavelength of 830 nm to excite 15 ex vivo PTGs 
and found a significant difference in the resultant signals 
emitted by adenomata and hyperplastic glands. However, 
the wavelength of the incident light used was such that 
the peak emission of parathyroid tissue was missed. This 
was subsequently discovered by a group from Vanderbilt 
University (14). 

AF of parathyroid and thyroid tissue

The Vanderbilt group studied AF from parathyroid, thyroid 
and other surrounding tissues generated by excitation at a 
range of spectra and established that excitation by light of 
785nm reliably produced the maximal emission from both 
thyroid and parathyroid tissue. This occurs at 820–830 nm, 
i.e., in the near-infrared (NIR) spectrum (14). The same 
group performed the first in vivo study of 21 patients with 
a range of pathologies undergoing neck endocrine surgery 
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and found that while the peak emission from both thyroid 
and parathyroid occurred at the same NIR wavelength, 
parathyroid tissue AF intensity was two to eleven times 
greater than that of thyroid (15). In practise this gives the 
appearance, when viewed using a NIR emitter-detector, of 
a bright white spot (the PTG) on a background of a low-
grade fluorescence (thyroid) (see Figure 1). PTG AF has 
been shown to continue for at least one hour ex vivo (16).

While several fluorophores responsible for the AF of 
PTGs have been proposed, to date, none have been proven. 
Porphyrins produce the most durable fluorescence in 
biological tissue but have a peak emission of 600–700 nm, 
i.e., significantly lower than that of PTGs (14). Melanin 
is known to be the primary fluorophore in skin but is not 
found in PTGs or thyroid tissue (17,18). The calcium-
sensing receptor has been suggested as the fluorophore in 
thyroid and PTG due to its presence in both and higher 
concentration in PTGs. However, this has not been 
demonstrated conclusively (15). 

NIR-AF devices

Devices for AF imaging of the PTGs consist of an emitter 
of light of around 750–800 nm, i.e., in the lower end of the 
NIR spectrum, a detector which is optimised to NIR light of 
800–830 nm, a processor and a visual display (see Figure 2).  
Mahadevan-Jansen’s Vanderbilt group developed their 
device in the laboratory and subsequently compared its 
performance to a clinical prototype which has now received 
regulatory approval and is known as the PT-Eye (19).  
Their original device consists of a spectrometer, a 785 nm  
diode laser, custom-made fibreoptic probe and laptop 
computer. Simultaneous emission by the laser and 
detection by the probe is processed by LabView software 
on the laptop and an image produced. The probe may be 
sterilised with ethylene oxide or Sterrad and reused. Serra 
et al. describe the use of a 780 nm light-emitting diode 
to generate AF and night-vision goggles with an 835 nm 
NIR filter for visualisation. This set-up was tested in a 
pilot study of five patients undergoing surgery for primary 
hyperparathyroidism (20). A Korean group have also 
reported their experience in 3 patients with an inexpensive 
lab-built device, the ‘raspberry Pi’ which uses a 785 nm 
laser diode and filter to detect NIR-AF at a wavelength over 
808 nm (21).

There are several commercially available NIR-AF devices 
suitable for neck endocrine surgery; the most commonly 
utilised being those by Fluoptics, Karl Storz and Stryker 

Parathyroid 
demonstrating 
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Thyroid tissue 
with minor 
autofluorescence

Signal artefact

Figure 1  NIR f luorescent  imaging per formed dur ing 
thyroidectomy. Image showing the right thyroid lobe retracted 
medially with intense fluorescence of the right superior parathyroid 
gland, minor background fluorescence from the thyroid and some 
artefact from surgical marker pen on the skin. NIR, near-infrared.

Figure 2 Example of a NIR-AF system showing a NIR emitter 
(750–800 nm wavelength), detector (optimised to 800–830 
nm), processor and visual display. NIR-AF, near-infrared 
autofluorescence.
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(previously Novadaq) as listed in Table 1. Differences 
between the systems are: the exact wavelength emitted and 
detected, the source of the emitted light (xenon or laser), 
type of handpiece provided, i.e., suited for open surgery or 
laparoscopy and the type of display used. Some systems are 
optimised for label-free true AF detection whereas others 
focus on imaging with a contrast tracer, i.e., ICG or offer 
both. All systems depend on minimising the ambient light 
such that all background lights must be extinguished, and 
all provide real-time images in a matter of moments. The 
ability of NIR light to penetrate tissue is limited to a depth 
of 2–3 mm maximum and so all systems have a similar 
capacity to display subsurface structures. Nearly all of the 
commercially-available systems are contact-free, i.e., the 
camera head is simply held over the tissue, although the 
PT-Eye which received FDA approval in late 2018 (22) and 
CE marking more recently, does require contact between 
its probe tip and the tissue. This device was developed by 
the Mahadevan-Jansen group at Vanderbilt University from 
their laboratory device, its distinguishing features being 
an internal micro-processor board instead of an external 
laptop, the housing of the laser source and detector within a 
single casing and a foot-pedal for activation (19).

Method for using NIR-AF

The majority of NIR-AF devices suitable for neck endocrine 
surgery have similar characteristics and are deployed in a 
similar manner. Our group has reported experience using 
the Fluobeam800 (Fluoptics, Grenoble, France) in 365 
patients (96 parathyroids and 269 thyroids) (23,24). The 
camera head is connected to the Fluobeam processor which 

is in turn connected to a laptop which houses the Fluosoft 
software and displays the image on its screen. The camera 
head is placed in a sterile sheath and kept on a sterile trolley 
until the surgeon is ready to use it. The surgeon undertakes 
the operation as standard until, in thyroidectomy, the lobe 
is mobilised or in parathyroidectomy when dissection 
to the pre-vertebral fascia with exposure of relevant 
structures has been performed. The NIR-AF camera head 
within its sterile sheath is then held over the operating 
field at a distance of around 20 cm and perpendicular to 
the target area to be visualised. The operating lights and 
all background lights must then be extinguished and any 
ambient light excluded. The images generated are displayed 
on the screen so the surgeon must correlate the operative 
findings with that seen on the screen. In thyroidectomy the 
NIR-AF is used to confirm and/or identify PTGs preserved 
in the thyroid bed and check for any parathyroid tissue on 
the lobe which needs to be released and preserved. After 
excision of the lobe the NIR-AF is applied again to search 
for any inadvertently removed parathyroid tissue which is 
then autotransplanted (24). In parathyroidectomy the NIR-
AF may be deployed to assist in confirmation of PTGs and/
or to assist in identifying any glands which are not apparent 
on conventional inspection. It should however be noted 
that pathological PTGs may not reliably autofluoresce and 
that due to the limited depth penetration of NIR-AF, PTGs 
more than a couple of millimetres beneath the surface may 
be missed. The addition of NIR-AF to each operation takes 
only a few minutes.

The other commercially available devices are all used in 
the same manner with the exception of the PT-Eye which 
requires gentle contact between the probe tip and tissue 

Table 1 Commercially-available devices for NIR-AF

Device Manufacturer NIR-AF +/− ICG
Open/laparoscopic 
camera head

Camera/processor

Fluobeam 800 Fluoptics, Grenoble, France Optimised for AF Open 750 nm laser excitation/800 nm detector/Fluosoft 
software processor

FluobeamLX Fluoptics, Grenoble, France AF + ICG setting Open 750 nm laser excitation/800 nm detector/Fluosoft 
software processor

Karl Storz Karl Storz, Tuttlingen AF + ICG setting 
(Xenon camera)

Open and laparoscopic 
versions

Excitation at 690–790 nm/detection at 800 nm/
bandpass filter applied for AF view vs. ICG

PINPOINT® Stryker (previously Novadaq, 
Ontario, Canada)

AF + ICG setting Open and laparoscopic 
versions

Emission at 805 nm/detection at 830 nm

PT-Eye Vanderbilt University AF only Open 785 nm fibreoptic probe/820 nm receiver

NIR-AF, near-infrared autofluorescence; ICG, indocyanine green.
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being visualised (19).

Use of contrast tracer

ICG is a contrast agent which emits its maximal NIR-AF at 
around 830–835 nm when excited at 780–805 nm (25,26). 
It is an amphiphilic tricarbocyanine dye which may be 
administered intravenously, whereupon it travels within the 
circulation and is visualised using a NIR emitter-detector 
in the same way as AF from biological tissue is generated. 
The half-life is 3–5 minutes and the tracer is excreted by 
the biliary system in approximately 15–20 minutes (27). 
The recommended dose for visualisation is 0.2–0.5 mg/kg, 
which may be repeated as required without exceeding the 
maximal daily dose of 5 mg/kg (27,28). There is a potential, 
though rare, non-dose-related, risk of inducing anaphylaxis, 
a reaction which is not reliably predicted by tolerance 
of iodinated contrast. Using a NIR emitter-detector 
placed over the exposed PTGs and following injection of 
ICG, the arterial supply and venous drainage of PTGs 
may be observed, along with their colour, which varies 
depending on their absorption of the ICG (29). Based on 
these observations it is proposed that a judgement may be 
made as to the viability of that parathyroid gland, allowing 
autotransplantation of non-viable glands (28,30,31). The 
procedure is generally quick to perform and proponents 
cite reduced rates of hypoparathyroidism following 
thyroidectomy (29,32). 

Discussion

Contrast-free AF is a low-risk tool which is easy and 
quick to use intra-operatively and, in the experience of 
the authors, takes little time and creates very minimal 
disruption to the operative workflow. However, there is 
a learning-curve before optimal images are achieved: the 
surgeon must establish the most appropriate distance 
between the camera and subject, acquaint themselves with 
the timing of switching off theatre and background lights 
while keeping the position of the presumed PTG in the 
operative field marked for correlation. It is also necessary to 
establish through experience the depth at which tissue can 
be visualised successfully. The duration of and nature this 
learning-curve has not been studied.

All studies performed on AF in neck endocrine surgery 
have confirmed its feasibility using a variety of different AF 
devices and demonstrated the ability of NIR-AF to elicit a 
signal from 90–100% of PTGs (see Table 2). However, when 

considering its true utility, one must establish the clinical 
problem that needs to be overcome with this technology 
and therefore how best to design studies which truly test the 
ability of NIR-AF to achieve the desired outcome.

NIR-AF in thyroidectomy

In thyroidectomy the problem to be solved is permanent 
post-operative hypoparathyroidism, defined as the long-
term dependence on calcium and vitamin-D analogues. 
Patients with permanent hypoparathyroidism have been 
shown to have a poorer quality of life than an equivalent 
non-hypoparathyroid post-thyroidectomy cohort (43) 
and in at least one study an increase in mortality has been 
reported (44). The reported incidence of permanent 
hypoparathyroidism after total thyroidectomy ranges from 
1% to 25% (3,45,46). The mechanisms which contribute to 
the loss of parathyroid function are: (I) inadvertent removal, 
(II) damage to arterial supply and/or venous drainage, (III) 
direct injury from manipulation or thermal energy, or a 
combination of these. With this is mind, it is logical that 
a tool which permits early and confident identification of 
PTGs may prevent hypoparathyroidism induced by any 
of these mechanisms. However, NIR-AF alone cannot 
confirm viability of PTGs left in-situ since AF persists after 
devascularisation or inadvertent removal. The confirmation 
of vascular integrity is more likely to require a tracer such as 
ICG. One head-to-head study of contrast-free AF and ICG 
exists and this only compared the ability of the two methods 
to demonstrate the presence of PTGs. Interestingly, NIR-
AF was found to have a tendency to greater accuracy than 
ICG, although the difference did not reach statistical 
significance (98% vs. 95% P=0.31) and a greater ability to 
demonstrate PTGs before surgeon-identification (AF 52% 
vs. ICG 6% P<0.001) (37). 

The study of AF in thyroidectomy is complicated by the 
fact that the gold-standard for comparison of identification 
of PTGs is the surgeon’s eyes i.e., we are testing a device 
designed to augment surgical judgement against that 
as a benchmark. Nonetheless, this is clearly the most 
appropriate method, with biopsy of normal tissue posing an 
unnecessary risk to the patient. Several studies have tried to 
establish whether NIR-AF allows identification before the 
surgeon. This is another difficult and subjective question 
to study and results have been mixed: Kose et al. showed 
identification prior to the surgeon of only 23% (33) whereas 
the same group reported 37–67% in a multicentre study (36)  
and a median number of 2 PTGs identified with NIR-AF 
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Table 2 Published studies using AF (without ICG) in vivo for thyroidectomy and parathyroidectomy

Reference Device used Study group Study question Result

DiMarco et al. 
2019 (24)

Fluobeam800 269 thyroidectomies Does AF prevent inadvertent 
parathyroidectomy?

2 inadvertent parathyroid 
excisions prevented but not 
significant (P=0.08)

Kose et al. 
2019 (33)

Fluobeam800 310 patients: 173 thyroidectomy 
& 137 parathyroidectomy

Do PTGs reliably show AF and is 
AF more sensitive than surgeon 
identification?

98% PTGs AF but only 23% 
identified before the surgeon

DiMarco et al. 
2019 (23)

Fluobeam800 96 parathyroidectomy 
patients/284 glands

Clinical correlates of PTG AF 90.5% PTGs detectable with AF. 
Correlation with serum CA and 
PTH

Thomas et al. 
2019 (34)

PT-Eye +/− overlay 
imaging (OTIS)

41 patients thyroidectomy & 
parathyroidectomy

Sensitivity of AF for PTG—
pathological and normal/added 
value of OTIS

98% PTG AF, no difference for 
normal vs. pathological tissue. 
Enhanced sensitivity with OTIS 
(98% vs. 100%)

Thomas et al. 
2019 (35) 

Comparison of 
lab-built device vs. 
PT-Eye

162 patients thyroidectomy & 
parathyroidectomy

Accuracy of PTG identification with 
lab device vs. PT-Eye

92.5% for lab device vs. 96.1% 
PT-Eye

Kim et al.  
2018 (21)

Raspberry-Pi Pilot study of lab-built 
device 3 patients undergoing 
thyroidectomy

Feasibility/accuracy 100% accuracy of PTG 
identification

Kahramangil  
et al. 2018 (36)

Fluobeam800 Multicentre study of  
210 patients thyroidectomy & 
parathyroidectomy 

Accuracy for AF and ability to 
detect before the surgeon

98% accuracy/detection before 
the surgeon in 37–67% cases

Kahramangil  
et al. 2017 (37)

Fluobeam for AF/
Pinpoint for ICG

44 patients thyroidectomy:  
22 AF vs. 22 ICG

Comparison of accuracy and ability 
to detect before the surgeon

Accuracy 98% vs. 95%. Early 
detection with AF

Kim et al.  
2018 (38)

Raspberry-Pi (21) 38 patients, 70 glands, 
thyroidectomy for PTC

Ability of AF to detect PTG before 
surgical exposure/after/at removal

92.8% detection before surgical 
dissection

Benmiloud  
et al. 2018 (39)

Fluobeam800 513 patients: 93 with NIR and 
180 controls in period 1 vs. 153 
without NIR and 87 controls in 
period 2

Hypocalcaemia and inadvertent 
parathyroidectomy with and 
without NIR-AF

5.2% vs. 20.9% post op 
hypocalcaemia. Increase 
in median number of PTGs 
visualised NIR+ vs. NIR−

Ladurner et al. 
2018 (40)

Karl Storz 41 PTGs in 20 patients 
undergoing thyroidectomy

Ability of AF to identify PTGs 37/41 accuracy (90.2%)

Kim et al.  
2016 (41)

Group’s own lab 
device

8 patients/16 PTGs. 
Thyroidectomy for PTC

Feasibility of AF for PTG 
identification

100% positive predictive value

McWade et al. 
2016 (42)

Group’s own lab 
device

137 patients/264 glands Accuracy of PTG identification/
clinical factors affecting AF

97% accuracy of PTG 
identification. AF correlation with 
BMI, serum Ca, serum vitamin D. 
Secondary HPT confounder

NIR-AF, near-infrared autofluorescence; ICG, indocyanine green; PTGs, parathyroid glands; PTC, papillary thyroid carcinoma; HPT, 
hyperparathyroidism. 

before surgeon visualisation with at least one PTG seen 
before the surgeon in 82% (37) in another study.

The sensitivity and accuracy of NIR-AF for PTGs 
has been reported as between 90% and 98%. Ladurner 

reported a sensitivity of 90% in 20 thyroidectomies using 
a Karl Storz system whereas 3 groups have reported rates 
of 98% in larger studies (33,34,36) including the only 
multicentre study published. The true sensitivity and 
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accuracy obviously impact upon what the real clinical value 
of NIR-AF may be given that in a centre with low rates of 
permanent hypoparathyroidism, i.e., 1–2%, identification 
of 90% of PTGs by NIR-AF is unlikely to provide a 
clinical improvement. Perhaps the most appropriate 
study design now that technical comparisons of surgeon-
identification vs. NIR-AF for PTGs as a surrogate for 
the sensitivity or accuracy of NIR-AF have been shown, 
is the rate of post-operative hypoparathyroidism with 
and without NIR-AF. Only a handful of studies have 
addressed this and results have been mixed: our own 
group compared early post-operative serum calcium and 
parathyroid hormone (PTH) measurements in patients 
undergoing total thyroidectomy with NIR-AF compared 
to a group of thyroidectomies pre-dating the introduction 
of NIR-AF to our department. We found hypocalcaemia 
on day 1 in 10.5% (n=9) controls and 9.3% (n=5) in the 
NIR-AF group (P=0.53), hypoparathyroidism at day 
1 in 11.6% (n=10) and 11.1% (n=6) (P=0.38) and no 
cases of hypoparathyroidism at beyond 6 months post-
thyroidectomy in either group. A larger and also non-
randomised study of 513 total thyroidectomies compared 93 
NIR-AF patients to 420 non-NIR-AF patients in 3 control  
groups and demonstrated a significant reduction in 
hypocalcaemia on day 1 at 5.2% vs. 20.9% (P<0.001). 
There were only 2 cases of hypoparathyroidism at over  
6 months and both occurred in the control patients. 

Despite these studies having contradictory results 

regarding early hypocalcaemia, both show no demonstrable 
benefit in the prevention of persistent hypoparathyroidism. 
Randomised and powered studies are required to 
establish this with certainty: assuming a rate of permanent 
hypoparathyroidism of 2% vs. 0.5% with NIR-AF, a power 
of 0.8 and significance of 0.05, a total of 1,720 patients 
(860 per group) would need to be recruited to generate a 
statistically meaningful result.

NIR-AF in parathyroidectomy

In parathyroidectomy the clinical problem to be addressed 
is failure to cure the hyperparathyroidism due to a missed 
adenoma or unrecognised multiple gland disease. The rate of 
failure to cure may be as low as 2% in specialist centres (5).  
While several studies have shown that AF may identify 
PTGs before the surgeon (33,36,37) and may detect missed 
parathyroids on thyroid specimens (24), to the knowledge 
of the authors, none have compared cure rates with and 
without the use of NIR-AF in parathyroidectomy.

Potential pitfalls in NIR-AF for parathyroidectomy 
include the variable fluorescence of PTGs, glands concealed 
beneath the surface, ectopic glands and genetic disease. 
Non-pathological parathyroid tissue has been shown to 
autofluoresce brightly and reliably, whereas pathological 
PTGs have been shown to emit variable AF with some 
showing mixed high and low signal (Figure 3) and others 
being uniformly dark. PTGs of patients with secondary 

BA

Figure 3 Ex vivo image of a parathyroid adenoma taken shortly after excision showing mixed autofluorescence with a rim of intense signal (the 
compressed normal parathyroid tissue) and adenoma with no signal emission.
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HPT have been shown to be particularly variable in their AF. 
However, not all groups have found that pathology in the 
PTG reduced detection rates with NIR-AF: in a small study 
of 41 mixed patients, Thomas et al. showed no significant 
difference with an overall detection rate of 98% (34).  
Due to the limitations of depth penetration of NIR-AF, 
PTGs concealed even at a depth of 2–3 mm may be missed. 
In the case of ectopic glands, the limited penetration of 
NIR-AF will also prevent their detection.

Phay’s group have studied AF in patients with Multiple 
Endocrine Neoplasia Type 1 undergoing parathyroidectomy 
for primary hyperparathyroidism and reported decreased 
AF of the PTGs and increased background AF causing 
significantly elevated rates of false negative and false 
positives in this subset of patients (47). Unrecognised 
MEN1 and secondary/tertiary HPT in patients undergoing 
parathyroidectomy may therefore present a source of error 
for NIR-AF.

A fully powered and randomised study with cure rates 
of hyperparathyroidism in matched patients as the primary 
outcome measure is required. Assuming a failure-to-
cure rate of 2% background and improvement to 0.1%,  
902 patients would need to be studied (451 in each group).

Cost-effectiveness

The various commercially available systems require 
significant initial outlay costs unless, for example, there is 
already a compatible laparoscopic stack system in situ (such 
as the Karl Storz) which may only require the addition 
of a new camera head for NIR-AF imaging. The device 
used by the authors in 2019 costs approximately £35,000 
(c.$44,000) for the full system plus consumables for one 
year (sterile sheaths being priced at £40≈$50). The 
capital and ongoing running costs must be set against the 
number of patients imaged using NIR-AF and any cost-
saving made by the prevention of hypoparathyroidism/
persistent hyperparathyroidism. The true cost-effectiveness 
can therefore not be calculated until any clinical benefit 
has been proven. Thus far, a reduction in temporary 
hypoparathyroidism has been demonstrated by one large 
study (39). If this does prove to be correct and given the 
cost of 1 month of hypoparathyroidism is approximately 
£250 (covering oral calcium and calcitriol plus monthly 
blood tests and physician visits) per patient in the UK. 
The number of months of temporary hypoparathyroidism 
required to offset the cost of the system used by the 
authors would be 140 per annum. The authors found 

their rate of early post-operative hypoparathyroidism (i.e., 
recovered within 1 month) to be 10% whereas Benmiloud 
reported 60–70%. In the author’s practice, 1,400 total 
thyroidectomies would therefore need to be performed per 
annum to become cost neutral, or in Benmiloud’s cohort, 
approximately 215 total thyroidectomies would be required. 
Nonetheless, these calculations are hypothetical and subject 
to many variables such that only a large-scale randomised 
trial of total thyroidectomy with and without NIR-AF 
would be required before any cost analysis can be performed 
with accuracy. The cost-benefit in parathyroidectomy is 
even harder to estimate as the cost of failure is so variable 
depending on whether the patient is reinvestigated and 
undergoes reoperation and whether they are cured at that 
juncture.

Future developments

Further developments in NIR-AF technology may also 
affect its real-life clinical utility. Probe-based imaging (the 
PTEye) as opposed to a non-contact camera has been 
developed by the Vanderbilt University group and shown 
to be equally accurate when compared to non-contact 
imaging. However, it has the benefit of circumventing the 
reduction in image-quality caused by ambient light and of 
producing a quantitative output of NIR-AF (34,35). The 
‘PTEye’ could theoretically be used in a similar manner 
to the nerve monitor: placed on tissue, with a sound being 
generated once a threshold for AF had been crossed. Or, 
drawn across tissue waiting for the sound to signal PTG 
concealed beneath the surface. 

The same group have also tried to overcome the need 
of the surgeon to correlate the operative field with the AF 
image seen on screen. They report the development and 
use of the ‘OTIS’: Intraoperative tissue imaging overlay 
system which maps and projects the AF onto the operative 
field such that the surgeon need not look away to a separate 
screen. In 30 thyroid/parathyroidectomies the accuracy of 
this system was reported as being as high as 97% (34).

Conclusions

The ability of NIR-AF to demonstrate PTGs with accuracy 
intraoperatively is extremely promising. This ability 
seems to be universal across the various laboratory-built 
and proprietary devices available although variability of 
90–100% has been demonstrated. The technology is low 
risk given that is requires no contrast, no change to the 
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operative workflow and involves no harmful radiation of 
tissues. There is however a significant cost involved to in 
purchase, maintenance and single-use consumables. Despite 
several studies showing the feasibility and efficacy of PTG 
identification by NIR-AF, only 2 have addressed the post-
operative outcome of hypoparathyroidism following 
thyroidectomy and results have been discordant. In 
parathyroidectomy, no study has been performed to evaluate 
the effect on cure rates. Therefore, in the opinion of the 
authors, appropriately powered and randomised studies in 
both operations are required to determine whether the use 
of NIR-AF will add to real world clinical practice. Given 
the fast-evolving nature of the technology and potential 
clinical impact, such studies should be pursued. 
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