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Abstract
Purpose A fluorescence-based technique for the detection of parathyroid glands (PGs) intraoperatively was previously 
reported. The technique was based on the phenomenon in which PGs emit autofluorescence when exposed to near-infrared 
light and we undertook an evaluation to consider the pathological accuracy of the method.
Methods The study comprised 17 patients (18 specimens) who underwent thyroid surgery at Kushiro City General Hospital 
between November 2018 and June 2019. We searched for PGs intraoperatively using a fluorescence spectroscopy system 
and evaluated the pathological accuracy of the system. We statistically evaluated the clinical factors associated with the 
accuracy of the system, including age, gender, body mass index, laterality, disease state, renal function, and comorbidity.
Results Eighteen specimens were evaluated pathologically, with 13 specimens confirmed as PGs. These were evaluated as 
“true positive,” giving a positive predictive value of 72.2% (13/18). Among the false-negative cases, one specimen was a 
metastatic lymph node in a patient with papillary thyroid carcinoma. There was a significant difference in the true-positive 
rates between malignant (25%) and benign (85.7%) disease (P = 0.044).
Conclusion We consider that this technique is useful, however, we have to exercise care in malignant cases as the true-
positive rate may be low.
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Introduction

Iatrogenic injury of the parathyroid glands (PGs) is the most 
common complication after total thyroidectomy. It can cause 
postoperative hypoparathyroidism resulting in severe symp-
toms and force patients to take calcium and vitamin D on a 
permanent basis. PGs are often difficult to distinguish from 
the surrounding tissues as they are small, look like fat tissue, 
and vary widely in their location. Therefore, several methods 
for identifying PGs intraoperatively have been reported. In 

2011, Paras et al. first reported that PGs emit autofluores-
cence when exposed to near-infrared light [1]. Since then, 
there have been a number of reports related to techniques 
based on the use of fluorescence to detect PGs intraopera-
tively. These reports indicated that the method was effective 
clinically [1, 2]. Our study sought to evaluate the accuracy of 
the fluorescence system pathologically and to determine the 
clinical factors associated with the accuracy of the system.

Patients and methods

This study was conducted at the Department of Otolaryngol-
ogy-Head and Neck Surgery, Kushiro City General Hospital 
between November 2018 and June 2019. In cases undergoing 
total or hemi thyroidectomy, a surgeon exposed the surgical 
field to near-infrared light using a fluorescence spectroscopy 
system “PDE-neo®” (Hamamatsu Photonics Ltd. Shizuoka, 
Japan). If fluorescence was observed, the tissue was removed 
and divided into two sections. One was evaluated intraop-
eratively by frozen sectioning. If that was pathologically 
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identified as a PG, the other was implanted in the sterno-
cleidomastoid muscle. Subjects in whom no fluorescence 
was observed were excluded.

A total of 17 patients (1 undergoing total thyroidectomy 
and 16 hemithyroidectomy) were included. This group 
comprised 6 males and 11 females, with a median age of 
66 years (range, 40–78 years). In total, 3 patients (4 sides) 
had papillary carcinoma, and 14 patients had benign disease 
(adenomatous goiter in 12 patients, follicular adenoma in 1, 
and Hashimoto’s disease in 1). Further patient characteristics 
are shown in Table 1.

Fisher’s exact test was used to assess whether there was 
a relation between the pathological identification rate and 
other factors. Factors included age (< 64 or 65 ≤), gender 
(male or female), body-mass index (BMI < 25 or 25 ≤), lat-
erality (right or left), disease state (benign or malignant), 
renal function (estimated glomerular filtration rate < 60 or 
60 ≤), and comorbidity (diabetes mellitus and cardiovascu-
lar disease). A P value < 0.05 was considered statistically 
significant. Approval for this study was obtained from the 
Institutional Reviewed Board at Kushiro City General Hos-
pital. Completion of the survey was considered to represent 
implied consent for participation.

Results

Eighteen areas of soft tissue were detected by the fluo-
rescence spectroscopy system, and evaluated pathologi-
cally. Of the 18 specimens, 13 were PGs, and 5 were other 

tissues (false positive). Therefore, the positive predictive 
value of the method was 72.2%.

Among the false-positive cases, three specimens con-
sisted of fat tissue and two were lymph nodes (one was 
benign, the other was a metastatic lymph node from a pap-
illary carcinoma patient). Two of the patients involved had 
adenomatous goiter and three had papillary carcinoma.

Among the four malignant cases, one specimen was a 
PG but three were false positive. There was a significant 
difference in false-positive cases between malignant and 
benign disease (P = 0.044). No significant differences were 
observed among the other factors (Table 2).

The preoperative mean value of serum calcium before 
surgery was 9.31 ± 0.08 mg/dL, while the postoperative 
mean value was 8.41 ± 0.11 mg/dL.

Discussion

It is difficult to identify PGs visually as they are too small, 
appear similar to fat tissue and locate in various places. 
Therefore, PGs were often damaged or removed during 

Table 1  Patient demographics

Characteristics Patients

Total 17
Age groups
 -64 6 (35%)
 65- 11 (64%)

Gender
 Male 6 (35%)
 Female 11 (64%)

Medical comorbidity
 Present 8 (47%)
 Absent 9 (53%)

Pathology
 Adenomatous goiter 12 (71%)
 Follicular adenoma 1 (5.8%)
 Hashimoto’s disease 1 (5.8%)
 Papillary carcinoma 3 (18%)

Operation method
 Total thyroidectomy 1 (5.8%)
 Hemithyroidectomy 16 (94%)

Table 2  Factors associated with the true-positive rate

Variable True-positive rates P values 
(Fisher’s 
exact test)

Age
 < 65 years 9/12 (75.0%)
 ≥ 65 years 4/6 (66.7%) 0.56

Gender
 Male 4/6 (66.7%)
 Female 9/12 (75.0%) 0.56

Laterality
 Right 8/9 (88.9%)
 Left 5/9 (55.6%) 0.15

eGFR
 ≥ 60 9/14 (64.3%)
 < 60 4/4 (100%) 0.23

BMI
 < 25 7/12 (58.3%)
 ≥ 25 6/6 (100%) 0.09

Pathology
 Benign 12/14 (85.7%)
 Malignant 1/4 (25.0%) 0.04

Medical comorbidity
 Diabetes mellitus
  Present 1/1 (100%)
  Absent 12/17 (70.6%) 0.72

Cardiovascular disease
  Present 6/8 (75.0%)
  Absent 7/10 (70.0%) 0.62
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thyroid surgery, and a reliable method for detecting PGs 
during surgery is needed.

After it was reported that PGs emit autofluorescence 
when exposed to near-infrared light in 2011, a number of 
studies were undertaken on methods to distinguish PGs 
using this phenomenon [3]. In this study, the probability 
that the fluorescent tissue is a parathyroid gland (the true-
positive rate) was 72.2%. McWade at el. reported a true-
positive rate of 97% [4]. PGs are not visible to the naked 
eye due to coverage by soft tissue, but the autofluorescence 
from these glands could be detected by near-infrared light 
without any further dissection in about 50% of cases [2]. The 
reason for the discrepancies in true-positive rates might be 
due to the fact that the surface tissue covering the PGs was 
not removed in some cases.

The identity of the intrinsic fluorophore has not yet been 
confirmed; however, it was reported that the autofluores-
cence intensity is correlated with serum calcium, parathy-
roid hormone, and gland composition [5].

We reported that PGs were difficult to detect using near-
infrared light in cases with malignant thyroid disease due to 
the strong background fluorescence. We considered that the 
PG fluorescence depends on the vascularity of each organ 
[6]. In this study, the presence of malignant tumors was 
related to false-positive results. Thus, the malignant tumor 
might influence blood distribution, and lead to the fluores-
cent tissue being overlooked.

Further, one notable point was that a malignant metastatic 
lymph node showed fluorescence. The case was a 44-year-
old man with papillary carcinoma who underwent hemithy-
roidectomy. If the surgeon blindly trusted this method, the 
malignant tissues may have remained in the surgical field. 
Thus, while in malignant cases, this method may allow faster 
identification of PGs, it is recommended that confirmation 
that the tissue is not malignant be performed by frozen 
section.

The limitation of this study was that the emission of fluo-
rescence signals or not by the PGs was determined subjec-
tively by the surgeon’s visual judgment.

Conclusion

We reported the pathological accuracy of a fluorescence 
spectroscopy system for detecting PGs. In total, the positive 
predictive value was 72%. We consider that the technique 
was useful, however, the false-positive rate was significantly 

higher in malignant cases than in benign cases. Furthermore, 
a malignant metastatic lymph node was shown to emit fluo-
rescence. Thus, in malignant cases, the technique may be 
unreliable. It is recommended that confirmation of whether 
the tissue is malignant or not be performed by intraoperative 
rapid pathologic diagnosis.
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