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Abstract

Purpose Recently it was reported that the parathyroid glands (PGs) emit autofluorescence when exposed to near infrared
light, and a technique using fluorescence to detect the PGs intraoperatively was found to be useful. In some cases, however,
it was difficult to detect the PGs. We sought to clarify the situation regarding such undetectable cases.

Methods The study comprised 45 patients (50 sides) who underwent thyroid or parathyroid surgery at Kushiro city general
hospital between November 2018 and June 2019. We searched for the PGs intraoperatively using a fluorescence spectroscopy
system. We statistically considered the factors related to the fluorescence patterns of background in cases in which two PGs
could not be confirmed using Fisher’s exact test. Factors included age, gender, body-mass index, laterality, disease state,
renal function, and comorbidity.

Results In 41 sides (82%) fluorescence from at least one PG was determined. There was no significant difference in the
detection rates among the other clinical factors. A “White out” pattern in which the background was too bright to detect PGs
was observed in 11 sides (22%), and a “Black out” pattern in which the background and PGs were dark was observed in 18
sides (36%). Malignant disease was statistically associated with a “White out” pattern. No factors were found to be related
to the “Black out” pattern.

Conclusion In malignant disease, we should use this novel approach carefully.
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Introduction Paras et al. first reported that the PGs emit auto fluorescence

when exposed to near infrared light [1]. The technique based

Postoperative hypoparathyroidism caused by devasculariza-
tion or accidental removal of the parathyroid glands (PGs)
is a common complication after total thyroidectomy. The
resulting hypocalcemia may cause severe symptoms and
force the patient to be treated with calcium and vitamin D
permanently. PGs are small, look like fat tissue, vary widely
in their location and are often difficult to distinguish from
the surrounding tissues. Therefore, several methods for iden-
tifying the PGs intraoperatively have been reported. In 2011,
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on the use of fluorescence to detect the PGs intraoperatively
was attractive as it provided an opportunity to lower the inci-
dence of postoperative hypoparathyroidism. In addition, this
technique needs no drugs, thus avoiding adverse effects. The
aim of this study was to assess the validity of near infrared
light for the detection of the PGs during surgery, and deter-
mine the factors influencing the autofluorescence of the PGs.

Patients and methods

Patients

Between November 2018 and June 2019, 45 patients (50
sides) underwent hemithyroidectomy, total thyroidectomy
or parathyroidectomy at Kushiro city general hospital

(Table 1). This group comprised of 14 males (15 sides) and
31 females (35 sides), with a median age of 60 years (range
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Table 1 Patient demographics

Characteristics Sides Patients
Total 50 45
Age groups
<64 31 (62%) 28 (62%)
>65 19 (38%) 17 (38%)
Gender
Male 15 (30%) 14 31%)
Female 35 (70%) 31 (69%)
Medical comorbidity
Present 36 (72%) 31 (69%)
Absent 14 (28%) 14 31%)
Pathology
Benign 38 (76%) 34 (76%)
Adenomatous goiter 27 (54%) 26 (58%)
Follicular adenoma 2 (4.0%) 2 (4.4%)
Basedow’s disease 2 (4.0%) 1(2.2%)
Hashimoto’s disease 2 (4.0%) 2 (4.4%)
Parathyroid adenoma/ hyperplasia 5(10%) 3(6.7%)
Malignant 12 (24%) 11 (24%)
Papillary carcinoma 11 (22%) 10 (22%)
Follicular carcinoma 1(2.0%) 1(2.2%)
Operation method
Total thyroidectomy 6 (12%) 3(6.7%)
Hemithyroidectomy 39 (78%) 39 (76%)
Parathyroidectomy 1 2%) 1(2.2%)
Total parathyroidectomy 4 (8%) 2 (4.4%)

15-82 years). In total, 11 patients (12 sides) had malignant
tumors (papillary carcinoma in ten patients, and follicular
carcinoma in one), and 34 patients (38 sides) had benign dis-
ease (adenomatous goiter in 26 patients, follicular adenoma
in 2, Basedow’s disease in 1, Hashimoto’s disease in 2, and
parathyroid hyperplasia in 3).

Methods

In total, hemithyroidectomy was performed in 39 patients,
total thyroidectomy in 3 patients, parathyroidectomy in 1
patient, and total parathyroidectomy in 2 patients. Intra-
operatively, a surgeon identified the PGs macroscopically,
and removed the surrounding tissues. The surgical lights
were then turned off, and the surgeon searched for PG fluo-
rescence using a fluorescence spectroscopy system “PDE-
neo®” (Hamamatsu Photonics Ltd., Shizuoka, Japan).
Whether PG fluorescence was detected or not was judged
subjectively based on the surgeon’s visual assessment. We
deemed PGs “Detectable” if at least one fluorescence sig-
nal was recognized for the same tissue regarded as a PG by
the surgeon. Among the cases in which one or no fluores-
cence signal was recognized, we defined “White out” cases
as those in which the PGs could not be identified because
of too strong thyroid tissue fluorescence. In contrast, the
cases in which the PGs could not be identified because of
no fluorescence signal were defined as “Black out” cases.
These fluorescence patterns are shown in Figs. 1 and 2,
respectively. Fisher’s exact test was used to assess whether
there was a relation between the fluorescence patterns and
the clinical factors. Factors included age (< 64 or >65),
gender (male or female), body-mass index (BMI <25 or
>25), laterality (right or left), disease state (benign or
malignant), renal function (estimated glomerular filtra-
tion rate < 60 or >60), and comorbidity (diabetes mellitus
and cardiovascular disease). A value of P <0.05 was con-
sidered statistically significant. This study was conducted
in accordance with the Declaration of Helsinki. Approval
for this study was obtained from the institutional review
board at Kushiro city general hospital. Completion of the
survey was considered to represent implied consent for
participation.

Fig.1 a In surgical field, two PG fluorescence signals were detected using a spectroscopy system. b One fluorescence. ¢ No fluorescence
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Fig.2 a A “White out” pattern.
The thyroid tissue emitted

a strong background signal;
therefore, the PGs could not be
identified. b A “Black out” pat-
tern. PGs and the surrounding
tissue showed no fluorescence

Results

The number of PGs recognized by fluorescence was two in
21 sides, one in 20 sides, and zero in 9 sides. In total, 41
sides (82%) were “detectable” cases with at least one PG
fluorescence signal detected. Among malignant patients,
all 12 cases were detectable; however, there was no signifi-
cant difference between the detection rates for patients with
malignant and benign diseases. There were no significant
differences in the detection rates among the other clinical
factors (Table 2). Among the 29 sides for which one or no
fluorescence signal was detected, “White out” patterns were
observed in 11 sides, and “Black out” patterns in 18. Among
the 38 benign patients, only 4 cases showed a “White out”
pattern. In contrast, all 12 cases with malignant disease
showed a “White out” pattern. There was a significant dif-
ference between the “White out” pattern rates of patients
with malignant and benign diseases (P =0.0017). Other fac-
tors were not relevant (Table 3). No significant differences
among factors were observed for the cases with “Black out”
patterns (Table 4).

Discussion

Postoperative hypoparathyroidism is one of the most com-
mon complications of total thyroidectomy. It is difficult
to identify parathyroid tissue visually, and several meth-
ods are available to detect PGs during surgery such as the
intravenous administration of methylene blue, frozen sec-
tion analysis, intact parathyroid hormone monitoring, oral
5-aminolaevulinic acid administration, and indocyanine
green fluorescence imaging, have been reported [2—6].

The fluorescent signature of PGs with an excitation
wavelength of 785 nm shows a peak emission at 822 nm
[1]. The identity of the fluorophore has not yet been found,
although calcium-sensing receptors are suspected of show-
ing the autofluorescence in PGs. The reason for this is

Table 2 Factors associated with the identification of PGs by infrared
fluorescence

Variable Detection rate P value
(Fisher’s
exact test)

Age

<65 years 24/31 (77.4%) 0.45
>65 years 17/19 (89.5%)
Gender
Male 14/15 (93.3%) 0.25
Female 27135 (77.1%)
Laterality
Right 27/32 (84.4%) 0.70
Left 14/18 (77.8%)
eGFR
>60 30/36 (83.3%) 0.69
<60 11/14 (78.6%)
BMI
<25 29/32 (90.6%) 0.06
>25 12/18 (66.7%)
Pathology
Benign 29/38 (76.3%) 0.09
Malignant 12/12 (100%)
Medical comorbidity
Diabetes mellitus
Present 6/9 (66.7%) 0.33
Absent 35/41 (85.4%)
Cardiovascular disease
Present 12/17 (70.6%) 0.24
Absent 29/33 (87.9%)

that calcium-sensing receptors are expressed in parathy-
roid cells but not in the muscle, fat, or lymph tissue of the
neck region [7].

In this study, no factors were found to influence the
detection rates. McWade et al. reported that a high body-
mass index, malignant disease, low vitamin D, and high
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Table 3 Factors associated with “White out” patterns

Table 4 Factors associated with “Black out” patterns

Variable “White out” rate P value Variable “Black out” rate P value
(Fisher’s (Fisher’s
exact test) exact test)

Age Age

<65 years 6/31 (19.4%) 0.73 <65 years 14/31 (45.2%) 0.13
>065 years 5/19 (26.3%) >065 years 4/19 (21.1%)
Gender Gender
Male 5/15 (33.3%) 0.27 Male 5/15 (33.3%) 1.00
Female 6/35 (17.1%) Female 13/35 (37.1%)
Laterality Laterality
Right 7/32 (21.9%) 1.00 Right 14/32 (43.8%) 0.22
Left 4/18 (22.2%) Left 4/18 (22.2%)
eGFR eGFR
>60 9/36 (25.0%) 0.71 >60 11/36 (30.6%) 0.33
<60 2/14 (14.3%) <60 7/14 (50.0%)
BMI BMI
<25 6/32 (18.8%) 0.49 <25 9/32 (28.1%) 0.14
>25 5/18 (27.8%) >25 9/18 (50.0%)
Pathology Pathology
Benign 4/38 (10.5%) 0.0017 Benign 15/38 (39.5%) 0.50
Malignant 712 (58.3%) Malignant 3/12 (25.0%)
Medical comorbidity Medical comorbidity
Diabetes mellitus Diabetes mellitus
Present 3/8 (37.5%) 0.35 Present 3/9 (33.3%) 1.00
Absent 8/42 (19.0%) Absent 15/41 (36.6%)
Cardiovascular disease Cardiovascular disease
Present 417 (23.5%) 1.00 Present 7/17 (41.2%) 0.76
Absent 733 (21.2%) Absent 11/33 (33.3%)

calcium levels were the factors leading to a reduction in
the intensity of PG fluorescence [8].

We suggest that PGs might not be detectable because
of the strong background fluorescence from the thyroid
tissue in the cases of malignant disease. Generally, PGs
are hypervascular organs. Some investigators reported that
the nodule vascularity of malignant thyroid disease was
greater than that in benign thyroid disease [9]. We suspect
that the fluorescence of PGs is dependent on the vascular-
ity of each organ, therefore, the PGs might be undetectable
in malignant cases.

In clinical using, this method has some merits. It needs
no medication, therefore it is safe without complications.
And there is almost no effect on the operation time, since
it needs only irradiation by near infrared light during the
operation. Furthermore, since the fluorescence spectros-
copy system is widely used in breast, gastrointestinal, plas-
tic surgical field and so on, many general hospitals may
have the equipment already [10—12]. In that case no initial
investment is required.

@ Springer

The present study has some limitations. First, whether
PGs emitted fluorescence signals or not was decided on the
basis of the surgeon’s visual assessment. Thus, it was not
a quantified evaluation. Second, no pathological exami-
nations were performed, therefore, we could not confirm
whether the fluorescence was emitted by the PGs or not.

Conclusion

We reported the validity of a fluorescence spectroscopy
system for the detection of PGs. In total, the detection rate
was 82%. Undetectable cases were classified as “White
out” (38%) or “Black out” (62%) patterns. In malignant
cases, the PG fluorescence was not identified on occasions
due to strong background fluorescence, thus, we have to be
careful when using this method.
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