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ABSTRACT

Background. Parathyroid glands (PGs) exhibit autofluo-
rescence (AF) when excited by near-infrared laser. This
multicenter study aims to analyze how this imaging could
facilitate the detection of PGs during thyroidectomy and
parathyroidectomy procedures.

Methods. This was a retrospective Institutional Review
Board-approved analysis of prospectively collected data at
three centers. Near-infrared fluorescence imaging (NIFI)
was used to detect AF from PGs during thyroidectomy and
parathyroidectomy procedures. Logistic regression analysis
was performed to assess the utility of NIFI to identify PGs
and concordance at these centers.

Results. Overall, 210 patients underwent total thyroidec-
tomy (n =95), thyroid lobectomy (n = 41), and
parathyroidectomy (n = 74) (n = 70 per center). Using
NIFI, AF was detected from 98% of visually identified
PGs. Upon initial exploration, 46% of PGs were not visible
to the naked eye due to coverage by soft tissue, but AF
from these glands could be detected by NIFI without any
further dissection. Overall, a median of one PG per patient
was detected by NIFI in this fashion before being identified
visually (p = nonsignificant between centers). On logistic
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regression, smaller PGs were more likely to be missed
visually, but localized by AF on NIFI (odds ratio with
increasing size, 0.91; p = 0.02).

Conclusions. In our experience, NIFI facilitated PG
identification by detecting their AF, before conventional
recognition by the surgeon, in 37-67% of the time. Despite
the variability in this rate across centers, there was a con-
cordance in detecting AF from 97 to 99% of the PGs using
NIFI. We suggest the incorporation of AF on NIFI along-
side conventional visual cues to aid identification of PGs
during neck operations.

In the US, more than 80,000 patients undergo thy-
roidectomy and parathyroidectomy procedures every year.'
Although identification of the parathyroid glands (PGs) is a
critical part of these procedures, this could be challenging
due to small gland size, location, and scarring.2 Further-
more, ectopic and supernumerary PGs may be seen in 16
and 13% of patients, respectively.” In the literature, the rate
of inadvertent PG removal during thyroid surgery has been
reported to be in the range of 8-19%."

Intraoperatively, PGs are typically identified visually,
based on their characteristic visual cues. Over the years,
several adjunctive methods have been proposed for intra-
operative localization of PGs, including intraoperative
technetium-99 m-sestamibi localization® and intravenous
injection of methylene blue® and aminolevulinic acid.’
These techniques were limited in their utility and did not
significantly improve postoperative outcomes.”> More
recently, the use of indocyanine green (ICG) has been
described for intraoperative PG localization; however, this
proved to be limited by low sensitivity, the need for an


http://crossmark.crossref.org/dialog/?doi=10.1245/s10434-018-6364-2&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1245/s10434-018-6364-2&amp;domain=pdf
https://doi.org/10.1245/s10434-018-6364-2

B. Kahramangil et al.

intravenous injection, and the risk of allergic and vasovagal
reactions.®

When excited by a diode laser, parathyroid tissue fluo-
resces in an 800-900 nm near-infrared spectrum. Although
this phenomenon was first described by Das and col-
leagues,” it was the Vanderbilt University group that first
used it intraoperatively and coined the term parathyroid
autofluorescence (AF).“) In their largest study to date, the
Vanderbilt group was able to correctly identify 97% of 264
PGs using spectroscopy.'' Due to various reasons, this
technique was not adopted by other groups. In 2016, Falco
and colleagues demonstrated that parathyroid AF could
also be detected using commercially available ICG near-
infrared fluorescence imaging (NIFI) systems.'? Since
then, the use of NIFI for detecting PG AF was adopted by
several other groups due to its simplicity, safety, and non-
invasiveness.'>"'* The aim of this multicenter study was to
analyze how this imaging could facilitate the detection of
PGs during thyroidectomy and parathyroidectomy
procedures.

MATERIALS AND METHODS
Study Design and Data Collection

From prospective institutional databases of three ter-
tiary-care centers, 210 patients who underwent NIFI during
thyroid and parathyroid surgery were identified. Patients
were contributed by the Cleveland Clinic Foundation, OH,
USA (N = 70); Hopital Européen, Marseille, France
(N = 70); and Instituto Argentino de Diagnostico y Tra-
tameitno (IADT) Argentina (N = 70). All procedures met
the ethical standards of institutional and/or national
research committees and were in accordance with the 1964
Helsinki Declaration and its subsequent amendments.
Following Institutional Review Board approval, data were
collected prospectively and independently at each center.
Data analysis was performed retrospectively.

The following variables were obtained at all centers:
age, sex, body mass index (BMI), histopathological diag-
nosis (benign thyroid nodule/multinodular  goiter,
hyperthyroidism, thyroid cancer, primary hyperparathy-
roidism), type of surgery (total thyroidectomy, thyroid
lobectomy, parathyroidectomy), number of PGs identified
intraoperatively, anatomical and NIFI details of each
identified PG [side (right or left), location (upper or lower),
detection by NIFI, and first method of identification
(naked-eye exploration by operating surgeon or NIFI of the
surgical field)]. Additionally, the Cleveland Clinic pro-
vided size measurements for all PGs.

Surgical Procedure

All operations were performed by experienced endo-
crine surgeons. A transverse cervical incision was made
and the sternohyoid and sternothyroid muscles were
retracted laterally. After exposure of the central neck on
each side, a visual inspection of the surgical field was
performed, and size (only at the Cleveland Clinic) and
location (at all centers) of PGs identified on NE, without
further dissection, were noted. The operating room lights
were then turned off for NIFI. The operative field was
exposed to near-infrared light, and the resulting fluores-
cence was captured using the Fluobeam device (Fluoptics,
Grenoble, France) (Fig. 1). PGs were seen as hyperfluo-
rescent spots on a hypofluorescent background (Fig. 2).
Whether the PGs were first detected with NE or with AF
during the procedure was recorded. A candidate soft tissue
was considered parathyroid tissue if verified on frozen
section, or if it exhibited the following classic visual cues
used by endocrine surgeons: (1) yellowish-brown color; (2)
a discrete shape (typically ovoid) in contrast to amorphous
fat; and (3) distinct vasculature seen along its substance.

Statistical Analysis

Statistical analysis was performed using SAS Studio
version 3.6 (SAS Institute, Inc., Cary, NC, USA). Clinical
and intraoperative parameters were compared using the
Kruskal-Wallis and y* tests, and univariate logistic
regression was performed to determine the factors associ-
ated with the detection of PGs with AF. A p value < 0.05
was considered statistically significant.

FIG. 1 Intraoperative photo demonstrating the performance of near-
infrared fluorescence imaging. While the operating rooms are turned
off, a camera head is used to send near-infrared light to the field and
capture autofluorescence, which is displayed on a different monitor
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FIG. 2 Intraoperative photo demonstrating autofluorescence of
parathyroid glands captured on a computer screen upon excitation
with near-infrared light. a Visual demonstration of the left-sided

RESULTS
Description of the Cohort

The entire study cohort consisted of 210 patients, of
which 87% (n = 183) were female (Table 1). Mean age
was 53.1 years (£ 14.0) and BMI was 26.5 kg/m2 (£ 6.5).
Indications for surgery included benign thyroid nod-
ule/multinodular ~ goiter (n = 83), hyperthyroidism
(n = 10), thyroid cancer (n = 43), and primary hyper-
parathyroidism (n = 74). Patients underwent total
thyroidectomy (n = 95), thyroid lobectomy (n = 41), and
parathyroidectomy (n = 74).

TABLE 1 Description of study patients

parathyroid glands. b Upon excitation with near-infrared laser, these
glands exhibited autofluorescence

The patient cohorts from three centers were similar
regarding demographic parameters, except for BMI
(214 £1.8,27.0 £ 54, and 31.3 £ 6.9 kg/m2 at centers
1, 2, and 3, respectively; p < 0.001).

Intraoperative Detection of Parathyroid Glands

A total of 594 PGs were identified at three centers (center
1: 219; center 2: 159; center 3: 216) (Table 2). Due to more
thyroid lobectomies and fewer parathyroidectomies, a lower
number of PGs was identified at center 2. The overall sen-
sitivity of NIFI for detecting AF from PGs was 98% (584/

Parameter All patients (n = 210) Center 1 (n = 70) Center 2 (n = 70) Center 3 (n = 70) p value
Age, years [mean (SD)] 53.1 (14.0) 53.0 (12.0) 51.6 (15.4) 54.8 (14.2) 0.31
BMI, kg/m? [mean (SD)] 26.5 (6.5) 21.4 (1.8) 27.0 (5.4) 313 (6.9) < 0.001
Sex [no. of patients (%)] 0.26
Female 183 (87) 62 (89) 61 (87) 60 (86)
Male 27 (13) 8 (11) 9 (13) 10 (14)
Pathology (no. of patients) < 0.001
Benign thyroid nodule/MNG 83 16 37 30
Hyperthyroidism 10 1 4
Thyroid cancer 43 16 19
Primary hyperparathyroidism 74 37 10 27
Type of surgery (no. of patients) < 0.001
Total thyroidectomy 95 33 22 40
Thyroid lobectomy 41 0 38 3
Parathyroidectomy 74 37 10 27

Bold values indicate p < 0.05
MNG multinodular goiter, BMI body mass index, SD standard deviation
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TABLE 2 Intraoperative detection of AF from parathyroid glands

Parameter Total (n = 210 Center 1 Center 2 Center 3 p value
patients) (n="170 (n="170 (n="170
patients) patients) patients)
Mean £ SD PG size - - - 6.8 £44 -
Detection of AF from PGs using NIFI
Overall rate (%) 584/594 (98)  217/219 (99) 158/159 (99) 209/216 (97) 0.08
Detection of AF based on location
Right upper 164/168 (98)  58/59 (98) 48/49 (98) 59/60 (97)
Right lower 142/145 (98)  57/57 (100) 39/39 (100) 46/49 (94)
Left upper 153/155 (99)  53/54 (98) 38/38 (100) 62/63 (98)
Left lower 125/126 (99)  49/49 (100) 33/33 (100) 42/44 (98)
Detection of AF using NIFI before visual identification of PGs
Overall rate (%) 272/594 (46)  87/219 (40) 106/159 (67) 79/216 (37) < 0.001
Rate based on location (%)
Right upper 88/168 (52) 24/59 (41) 38/49 (78) 26/60 (43)
Right lower 64/145 (44) 22/57 (39) 27/39 (69) 15/49 (31)
Left upper 64/155 (41) 15/54 (28) 22/38 (58) 27/63 (43)
Left lower 56/126 (44) 26/49 (53) 19/33 (58) 11/44 (25)
Detection of AF from at least one PG using NIFI before visual 161/210 (77)  54/70 (77) 59/70 (84) 48/70 (69) 0.09
identification [no. of patients (%)]
No. of PGs that exhibited AF on NIFI before visual 1 (0-4) 1 (0-4) 2 (0-4) 1(0-3) 0.052

identification, per patient [median (range)]

Bold values indicate p < 0.05

PG parathyroid gland, NIFI near-infrared fluorescence imaging, AF autofluorescence, SD standard deviation

594), with concordance across centers, ranging between 97
and 99% (p = 0.08).

Of all PGs, 46% (272/594) could not be identified on
initial visual exploration of the surgical field with NE due
to coverage by soft tissue, but AF from these glands could
be detectable by NIFI without any further dissection. The
percentage of PGs whose locations were first detected by
NIFI, rather than NE in this regard, was different at each
center (40, 67, and 37%; p < 0.001).

In 77% (161/210) of patients, at least one PG, which
could not be identified on initial NE exploration of the
operative field, was detected by AF on NIFI without the
need for further dissection (77, 84, and 69% at each center;
p = 0.09). Overall, a median of one PG per patient was
detected by NIFI in this fashion before being identified
visually (1, 2, and 1 at each center; p = 0.052).

Parameters Affecting the Exhibition
of Autofluorescence

There was no association between age, sex, BMI, PG
size, and PG location (upper vs. lower) and exhibition of
AF. Smaller PGs were more likely to be unrecognized on
initial visual exploration, but localized with AF on NIFI
(odds ratio of detection with increasing size 0.91, 95%
confidence interval 0.84-0.98; p = 0.02) (Table 3).

DISCUSSION

This study demonstrates that NIFI could be an adjunct to
detect PGs during thyroid and parathyroid surgeries. With a
total of 594 PGs studied, it represents the largest experi-
ence to date in the literature. At all centers, sensitivity of
NIFI in detecting PG AF was high, and ranged between 97
and 99%. The location of 46% of all PGs was first hinted at
by AF on NIFIL. These glands exhibited bright AF upon
initial NIFI of the operative field, and, following dissection
of the covering tissues, were visually or pathologically
confirmed to be PGs. In line with this finding, in 77% of
patients at least one PG, which was not apparent visually
on initial exposure of the central neck, was detected with
this technology due to its AF on NIFI. Notably, there was
variability in the percentage of PGs that were first dis-
covered by NIFI in this fashion at different centers, which,
to our knowledge, is being reported for the first time. The
variability may result from patient- and/or surgeon-related
factors. Regardless of the variability in results at all cen-
ters, between 37 and 67% of PGs were first identified by
NIFI. Even at the lower end, this corresponds to more than
one-third of all PGs, which underscores a potential benefit
from NIFI systems in thyroid and parathyroid surgery.

One potential weakness of this study is the difference
between patient cohorts at individual centers in terms of the
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TABLE 3 Factors associated with the detection of AF by NIFI
before PGs were identified by the naked eye

Parameter OR 95% CI p value
Increasing age 1.003 0.99-1.01 0.62
Female sex 0.96 0.59-1.56 0.87
Increasing BMI 0.99 0.96-1.01 0.37
Larger PG size® 0.91 0.84-0.98 0.02
Upper PG location 0.89 0.65-1.24 0.50

Bold value indicates p < 0.05

AF autofluorescence, NIFI near-infrared fluorescence imaging, OR
odds ratio, CI confidence interval, BMI body mass index, PG
parathyroid gland

#Analysis of Cleveland Clinic data (n = 216 PGs)

underlying pathology and surgical management. Center 2
had more thyroid pathologies, which led to more thyroid
surgeries than the other two centers. This was a result of
the independent data collection at each center. BMI dif-
ference, on the other hand, is likely a reflection of the
demographic differences between countries. Despite
patient heterogeneity, this study shows that NIFI could
reliably identify PGs with AF across various disease states
and by different surgeons.

Despite the initial discovery of parathyroid AF using
spectroscopy,'® this technique was not adopted by other
groups due to various challenges. In essence, the spec-
trometer needed to be in direct contact with the tissue
during measurements. Moreover, individual measurements
from the same gland could vary, and, to overcome this,
multiple measurements from each gland were necessary."''
In 2016, Falco and colleagues demonstrated parathyroid
AF using an NIFI camera, and reported that the mean
fluorescent intensity of PGs (40.6 & 26.5) was greater than
the thyroid gland (31.8 &+ 22.3) and background tissue
(16.6 £ 15.4)."> The same group later showed that a mean
of 3.7 PGs could be intraoperatively identified using NIFI
as opposed to 2.5 PGs with NE exploration during thyroid
and parathyroid surgeries. However, no comment was
made on what percentage of PGs not visible to NE on
initial exposure could be detected by exhibition of AF on
NIFI before further dissection.” The current study fills this
gap in the literature.

NIFI visualization of parathyroid AF is safe and feasi-
ble. It can be performed using a handheld external camera,
and does not interfere with the standard surgical technique.
Imaging of each gland takes approximately 1 min to per-
form, adding a few minutes to the total operating time for
all four PGs. Unlike other NIFI techniques, NIFI of
parathyroid AF does not require contrast injection, there-
fore there is no risk of injection-related complications.” In
thyroid operations, the AF characteristics of the PGs do not

change after the removal of the thyroid gland. Likewise,
parathyroid AF appears to be independent of PG perfusion.
Therefore, NIFI of parathyroid AF does not provide
information about gland viability.

The effect of the utilization of this new imaging tech-
nique on postoperative calcium and parathyroid hormone
levels was beyond the scope of this study; however, in a
recent study, Benmiloud et al. reported that postoperative
hypocalcemia rates after total thyroidectomy decreased
from 20.9 to 5.2% after incorporation of NIFI of parathy-
roid AF."

CONCLUSIONS

NIFI facilitated identification of PGs by detecting their
AF before being conventionally recognized by the surgeon
in 37-67% of the time in this study. Although there was
variability in this rate between centers, there was a con-
cordance in detecting AF from 97 to 99% of the PGs using
NIFI. To our knowledge, this is the first study analyzing the
concordance of parathyroid AF imaging results at different
centers. We suggest the incorporation of AF with NIFI
alongside conventional visual cues to aid identification of
PGs during neck operations.
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