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Background: Accurate assessment of parathyroid gland vascularity is important during thyroidectomy to
preserve the function of parathyroid glands and to prevent postoperative hypocalcemia. Laser speckle contrast
imaging (LSCI) has been shown to be accurate in detecting differences in parathyroid vascularity. In this
surgeon-blinded prognostic study, we evaluate the relationship between intraoperative LSCI measurements and
postoperative outcomes of total thyroidectomy patients.
Methods: Seventy-two thyroidectomy patients were included in this study. After thyroid resection, an LSCI device
was used to image all parathyroid glands identified, and a speckle contrast value was calculated for each. An average
value was calculated for each patient, and the data were grouped according to whether the patient had normal (16–
77 pg/mL) or low levels of parathyroid hormone (PTH) measured on postoperative day 1 (POD1). The aim of this
study was to establish a speckle contrast threshold for classifying a parathyroid gland as adequately perfused and to
determine how many such glands are required for normal postoperative parathyroid function.
Results: A speckle contrast limit of 0.186 separated the normoparathyroid and hypoparathyroid groups with 87.5%
sensitivity and 84.4% specificity: 7 of 8 patients with low PTH on POD1 had an average parathyroid speckle contrast
above this limit, while 54 of 64 patients with normal postoperative PTH had an average parathyroid speckle contrast
below this limit. Taking this value as the threshold for adequate parathyroid perfusion, it was determined that only
one vascularized gland was needed for normal postoperative parathyroid function: 64 of 69 patients (92.8%) with at
least one vascularized gland (determined by LSCI) had normal postoperative PTH, while all 3 patients (100%) with
no vascularized glands had low postoperative PTH. Overall, the rates of temporary and permanent hypoparathy-
roidism in this study were 8.3% and 1.4%, respectively.
Conclusions: LSCI is a promising technique for assessing parathyroid gland vascularity. It has the potential to help
reduce the incidence of hypocalcemia after thyroidectomy by providing surgeons with additional information during
surgery to aid in the preservation of parathyroid function.

Keywords: clinical translation, hypocalcemia, hypoparathyroidism, parathyroid vascularity, surgical guidance,
thyroidectomy

Introduction

Postsurgical hypoparathyroidism is a major compli-
cation following thyroid surgery due to inadvertent

damage to parathyroid glands or their blood supply. Loss of
parathyroid function (termed hypoparathyroidism) leads to
hypocalcemia—below normal levels of serum calcium,
which is needed for a variety of functions such as muscle
contraction and neuronal excitability (1). Patients suffering
from hypocalcemia must rely on calcium and vitamin D

supplementation to avoid the associated negative ef-
fects, which include numbness, muscle spasms, tetany, and
seizures.

Reports on the rates of hypoparathyroidism or hypocal-
cemia after thyroidectomy vary widely (2–9). The variation
is due to differing definitions of postsurgical hypoparathy-
roidism and hypocalcemia (10), and differences in surgeon
experience (11). However, one review found the medians of
reported rates to be 27% for temporary cases and 1% for
permanent cases (12).
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Since the discovery that parathyroid glands fluoresce in the
near-infrared (13), numerous studies have utilized this phe-
nomenon in optical fiber-based (14–18) and imaging (19–26)
approaches to help surgeons accurately identify the glands
intraoperatively and avoid accidental excision. Two clinical
devices employing near-infrared autofluorescence (NIRAF)
have now received U.S. Food and Drug Administration
(FDA) clearance and Conformitè Europëenne (CE) marking
for parathyroid detection (27).

However, numerous studies have shown that identifying
the glands alone is insufficient to improve hypocalcemia rates
post-thyroidectomy (28–31), and it is more crucial to pre-
serve the vascularity of glands to ensure normoparathyroid/
normocalcemic status after thyroid surgery. Assessing the
vascularity of intact parathyroid glands remains a challenge,
and surgeons often rely on visual inspection and their expe-
rience in doing so. Accurate knowledge of the parathyroid
glands’ state of vascularity is also important as it guides
decision-making on autotransplantation—when devascular-
ized, autotransplantation of a parathyroid gland can help re-
gain its function over time (32–34).

A few experimental techniques have been reported for
assessing parathyroid vascularity including topical applica-
tion of lidocaine (35), laser Doppler flowmetry (36), in-
traoperative parathyroid hormone (PTH) assay (37), and
confocal endomicroscopy using the dye fluorescein (38).
Recently, the use of indocyanine green (ICG) angiography
has gained traction (39–45). While there have been promising
reports, there are a few limitations.

First, while ICG is generally considered safe, a small per-
centage of patients can still suffer severe allergic reactions to the
dye (46). Second, it cannot be performed simultaneously with
NIRAF detection for parathyroid identification. This is because
the fluorescence of ICG is in the same spectral range as the
parathyroid NIRAF is much stronger in intensity, while also
persisting for long periods. Once ICG has been injected, NIRAF
detection can no longer be used to localize other parathyroid
glands. This creates a challenge for the surgeon who might want
to make immediate decisions on preserving a parathyroid gland
before continuing with the procedure. Finally, current practice
relies on qualitative scoring of ICG fluorescence intensity,
which makes it difficult to standardize measurements, although
efforts have been made to make it more quantitative (47).

An alternative technique that overcomes these limitations
is laser speckle contrast imaging (LSCI), a real-time label-
free imaging technique that is sensitive to superficial blood
flow. The technique was first used to image blood flow in the
human retina (48). It works by analyzing blurriness of the
interference or speckle pattern produced when laser light il-
luminates a surface. To produce a flow map from an image of
a speckle pattern, a quantity called the speckle contrast is
calculated. In one form, it is calculated as the standard de-
viation of pixel intensities within local regions of the image
divided by their corresponding mean intensities (49). Lower
speckle contrast values indicate more blurring of the speckle
pattern and hence greater blood flow, while higher contrast
values indicate the converse.

In previous work (50), we showed that LSCI is able to
differentiate with high accuracy between parathyroid glands
classified as well vascularized or devascularized by an ex-
perienced endocrine surgeon. The purpose of this current
work was to determine how intraoperative LSCI measure-

ments relate to total thyroidectomy patient outcomes, namely
postoperative PTH levels since it has been suggested that
PTH within the first 24 hours after surgery is indicative of
hypoparathyroidism (51).

Materials and Methods

LSCI system

Imaging was performed using a modified version of an LSCI
system previously described (50). Modifications are detailed in
the Supplementary Methods section in the Supplementary
Data. Briefly, the device consists of a 785 nm laser to provide
illumination, and a near-infrared-optimized camera to image
the speckle pattern produced, which is then sent to a computer
for real-time processing. The camera is mounted to an articu-
lated arm with a detachable sterile handle that the surgeon uses
in positioning the device above the tissue of interest.

Patient recruitment and study design

This study was approved by the Vanderbilt University
Medical Center (VUMC) Institutional Review Board. Seventy-
nine patients scheduled to undergo thyroidectomy were re-
cruited by three surgeons, and informed written consent was
obtained from each patient before participation. These included
58 patients who underwent total thyroidectomy alone, 10 who
underwent total thyroidectomy with lymph node dissection,
and 4 who underwent completion thyroidectomy.

After resection of the thyroid, all parathyroid glands identi-
fied during the course of the operation were imaged with the
LSCI system. Imaging took up to 1 minute per gland, including
time for the surgeon to position the camera above the parathy-
roid. Since LSCI is label-free and poses no risk to the patient,
imaging can be repeated as often as desired. Overall, imaging
added about 5 minutes to each case. For each gland, ten frames
were averaged, and this averaged image was then segmented to
obtain the average speckle contrast for that parathyroid. Only
parathyroid glands identified with high confidence by the sur-
geon were included in analyses. No additional dissection was
performed to look for missing parathyroid glands.

Any parathyroid gland that was inadvertently or un-
avoidably (e.g., intrathyroidal parathyroid) resected with the
thyroid was autotransplanted. Since in situ LSCI measure-
ments were unobtainable for these excised glands, they were
assigned the highest parathyroid speckle contrast value that
was measured throughout the study.

The surgeon’s visual assessment of each parathyroid gland
was also recorded into one of three categories: well vascu-
larized, compromised (e.g., bruised but still perfused), and
devascularized (these glands were subsequently auto-
transplanted). Parathyroid speckle contrast measurements
were grouped according to these classifications, and a one-
way analysis of variance was performed to look for signifi-
cant differences. Throughout the study, the surgeons were
blinded from LSCI data so as not to influence patient care.
PTH and serum calcium levels on postoperative day 1
(POD1) were available for 72 patients, hence only these were
included in further analyses. Patients with POD1 PTH below
the accepted normal range at VUMC of 16–77 pg/mL were
evaluated up to 6 months postoperatively to look for recovery
within that period. All patients received calcium supple-
mentation postoperatively.
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Data analysis

The goal of this study was to establish a speckle contrast
threshold for classifying a parathyroid gland as adequately
vascularized and to determine how many vascularized glands
are needed for a patient to have normal PTH levels postop-
eratively. This was achieved by first calculating the average
parathyroid speckle contrast for each patient and grouping the
data according to whether the patient had normal or low levels
of PTH on POD1. Note that this is the average value of all
parathyroid glands in each patient. An receiver operating
characteristic (ROC) curve was generated using average para-
thyroid speckle contrast as a classifier to separate the two groups
of patients. The optimum point on the curve was taken to be the
speckle contrast threshold for adequate parathyroid vascularity.

The minimum number of vascularized parathyroid glands
needed for normal postoperative function was then deter-
mined based on this value. This minimum required number of
vascularized parathyroid glands is designated as nmin. Data
analysis was conducted for two scenarios: nmin = 1 and
nmin = 2. For each of these, the percentage of patients with less
than nmin vascularized glands (as determined by the speckle
contrast threshold) who then had low PTH levels on POD1
was calculated. This is also the positive predictive value of
postoperative hypoparathyroidism.

Additionally, the percentage of patients with nmin vascu-
larized parathyroid glands who then had normal PTH levels
on POD1 was calculated. This is the negative predictive va-
lue. Due to insufficient data, calculations could not be per-
formed for nmin = 3 or nmin = 4. However, we do not anticipate
that three or more vascularized parathyroid glands are crucial
to maintain a normoparathyroid state, as there is ample evi-
dence to show that the human body is able to compensate
when one or more parathyroid glands are injured (52).

The calculations were performed on the data set of 72
patients, as well as on groups determined by the number of
parathyroid glands identified during the operation and left in

the patient (including autotransplanted glands). These groups
consist of cases where there were four glands (n = 25), three
glands (n = 22), and one or two glands (n = 25).

Results

Patient demographics and clinical data for the 72 pa-
tients with postoperative PTH and calcium data are shown
in Table 1. A multinomial logistic regression revealed that
neither sex, race, age, nor body mass index significantly
influenced whether or not a patient had low levels of PTH
on POD1. Indication for surgery similarly had no signifi-
cant impact on patient outcome (although patients with
Hashimoto’s thyroiditis had to be excluded from this
analysis due to insufficient data). Surgical procedure could
not be included in the regression analysis due to insuffi-
cient data.

Representative images of a well-vascularized, a compro-
mised, and a devascularized parathyroid gland are shown in
Figure 1. Their average speckle contrast values were 0.11, 0.18,
and 0.21, respectively. A total of 231 parathyroid glands were
imaged in this study, yielding an average of *2.9 glands per
patient. The distribution of speckle contrast for these glands,
grouped according to the surgeons’ assessment of vascularity,
is shown in Supplementary Figure S1.

Speckle contrast was lowest for well-vascularized glands
and highest for devascularized glands. The range of para-
thyroid speckle contrast values for this instrument was 0.09–
0.27, with a mean value of 0.17. Statistical testing using a
one-way analysis of variance showed that well-vascularized,
compromised, and autotransplanted parathyroid glands all
had significantly different speckle contrast from one another
( p < 0.05). Despite this significance, there were a number of
cases where LSCI greatly disagreed with the surgeon. A few
examples are shown in Supplementary Figure S2, where
glands that were considered well vascularized by the surgeon
had high speckle contrast values (indicating reduced

Table 1. Patient Demographics and Clinical Characteristics

Total population
(n = 72)

Low POD1
PTH (n = 8)

Normal POD1
PTH (n = 64)

Sex, n (%)
Female 56 (78%) 7 (88%) 49 (77%)
Male 16 (22%) 1 (13%) 15 (23%)

Race/ethnicity, n (%)
White 51 (71%) 4 (50%) 47 (73%)
Non-white 21 (29%) 4 (50%) 17 (27%)

Indication for surgery, n (%)
Graves’ disease 21 (29%) 2 (25%) 19 (30%)
Papillary thyroid carcinoma 13 (18%) 2 (25%) 11 (17%)
Other thyroid cancer 15 (21%) 1 (13%) 14 (22%)
Toxic/nontoxic thyroid nodule 20 (28%) 2 (25%) 18 (28%)
Hashimoto’s thyroiditis 3 (4%) 1 (13%) 2 (3%)

Surgical procedure, n (%)
Total thyroidectomy 58 (81%) 4 (50%) 54 (84%)
Total thyroidectomy with lymph node dissection 10 (14%) 3 (38%) 7 (11%)
Completion thyroidectomy 4 (6%) 1 (13%) 3 (5%)

Age, mean – SD, years 48.8 – 13.2 43.9 – 11.6 49.4 – 13.3
Body mass index, mean – SD, kg/m2 33.6 – 8.4 31.9 – 8.0 33.8 – 8.5
No. of PGs per patient, mean – SD 3 – 0.9 3.4 – 0.7 2.9 – 0.9

PG, parathyroid gland; POD1, postoperative day 1, PTH, parathyroid hormone; SD, standard deviation.
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perfusion), and glands that were considered devascularized
had low speckle contrast. This further motivates the need to
evaluate patient outcomes against intraoperative LSCI.

There were 8 patients of 72 (11.1%) who had PTH levels
below 16 pg/mL on POD1. Of these, four patients also had
serum calcium levels below the normal range of 8.4–
10.5 mg/dL. These four patients mostly had lower PTH levels
than the other four patients. Data on all eight patients are
summarized in Table 2. These patients underwent surgery for
a variety of conditions including thyroid cancers, Graves’
disease, Hashimoto’s thyroiditis, and multinodular goiters.

Three of 10 patients who underwent lymph node dissection
had low postoperative PTH, suggesting an increased likeli-
hood of postoperative hypoparathyroidism with more ex-
tensive surgical procedures (compared with 4 of 58 total
thyroidectomy patients). Four patients had parathyroid au-
totransplantation, and of these, in one case, PTH levels did
not return to normal within the first 6 months postoperatively.
For two patients, data on subsequent PTH measurements
were unavailable. However, their calcium levels returned to
normal within the first 6 months after surgery and the patients
no longer required calcium supplementation.

The average parathyroid gland speckle contrast in most cases
was at least 0.19, with the exception of Patient 8 who had a very
transient drop in PTH to 13 pg/mL and rapid recovery to
31 pg/mL on POD4. For comparison, it took weeks to months
for PTH to recover in the other patients, suggesting that this was
not a case of permanent hypoparathyroidism. Altogether, the
rate of temporary hypoparathyroidism in this study was 8.3%,
and the rate of permanent hypoparathyroidism was 1.4%.

Average parathyroid speckle contrast was calculated for
each of the 72 patients and grouped according to PTH status
on POD1. The distribution of values is shown in Figure 2A.
As expected, the average parathyroid speckle contrast values
for patients with low postoperative PTH are higher than those

for patients with normal postoperative PTH. This difference
was statistically significant when evaluated with a two-sided
two-sample t-test (p < 10-4). Using average parathyroid
speckle contrast as a classifier to separate the two groups, the
ROC curve in Figure 2B was generated.

The optimum point on this curve was at a speckle con-
trast of 0.186, which resulted in a sensitivity and specificity
of 87.5% and 84.4%, respectively. In other words, 87.5% of
the patients with low PTH on POD1 had average parathy-
roid speckle contrast greater than 0.186, and 84.4% of the
patients with normal PTH on POD1 had average parathy-
roid speckle contrast less than or equal to 0.186. This value
of 0.186 was identified as the optimal cutoff point for ad-
equate parathyroid vascularity.

To determine how many vascularized glands are needed for
normal postoperative PTH levels, positive and negative predic-
tive values were calculated for nmin = 1 and nmin = 2. The results
are shown in Table 3. Overall, requiring one vascularized gland
for normal postoperative parathyroid function had the higher
combined predictive values. All three patients with no vascu-
larized parathyroid glands (i.e., no glands with speckle contrast
below 0.186) had low PTH levels on POD1, corresponding to a
positive predictive value of 100%. These were Patients 2, 5, and 7
in Table 2. However, 64 of 69 patients who had at least one
vascularized parathyroid gland had normal PTH levels on POD1,
corresponding to a negative predictive value of 92.8%. The ex-
ceptions were Patients 1, 3, 4, 6, and 8 in Table 2, who also
generally had high average values. This trend largely held re-
gardless of the number of parathyroid glands identified during
the surgery. These data are presented in Supplementary Table S1.

Discussion

Parathyroid glands are crucial to maintaining normal serum
calcium levels. Therefore, it is critical during thyroidectomies

FIG. 1. Representative white light and speckle contrast images of a well-vascularized, a compromised, and a devascularized
parathyroid gland. Parathyroid glands are indicated with ellipses. Speckle contrast values were 0.11, 0.18, and 0.21, respectively.
Color images are available online.
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for the surgeon to have accurate knowledge of the parathy-
roid glands’ state of vascularity to help preserve function post-
operatively. We propose that LSCI can provide this information.

In this study, an average parathyroid speckle contrast value
of 0.186 was found to have the highest sensitivity and speci-
ficity in separating patients with normal from patients with low
postoperative PTH levels. Overall, 87.5% of patients with low
POD1 PTH had average parathyroid speckle contrast greater
than 0.186, while 84.4% of patients with normal POD1 PTH
had average parathyroid speckle contrast less than 0.186. This
value was taken to be the threshold for adequate parathyroid
vascularization, that is, a parathyroid gland with speckle
contrast below 0.186 was considered to be vascularized.

Requiring one such parathyroid gland for normal postop-
erative function produced much higher combined positive and
negative predictive values than requiring two parathyroid
glands, suggesting that only one gland is needed. All the pa-
tients who had no parathyroids with speckle contrast below
0.186 had low POD1 PTH, while POD1 PTH was low for only
5 of the 24 patients who had less than two vascularized glands.

The calculations were also performed on groups determined
by the number of parathyroid glands identified because the
actions a surgeon might take in a case where they identified
four parathyroid glands could differ from those in a case where
only one was identified. The predictive values were consis-
tently higher for nmin = 1; regardless of whether one, two, or
three parathyroid glands were identified during the surgery,
only one gland needed to have speckle contrast below 0.186.
A possible exception exists in the cases where four parathyroid
glands were identified. However, it should be noted that the
positive predictive value of requiring one vascularized gland in
these cases could not be assessed as all these patients had at
least one vascularized gland. We nevertheless expect that it
would be as high as in the other groups—if all four parathyroid
glands have been identified and none are vascularized, the
patient will most likely have low postoperative PTH levels.

In a study using ICG angiography to evaluate parathyroid
glands after thyroid surgery, Fortuny et al. reported that
postoperative PTH levels were normal for all patients who
had at least one well-vascularized parathyroid gland (evalu-
ated by ICG fluorescence intensity) (39). In a similar but
slightly different vein, our study found that all patients who
had no vascularized parathyroid glands had low PTH levels
on POD1. However, not all patients who did have one vas-
cularized gland had normal postoperative PTH levels.
Overall, 7% of patients who had at least one vascularized
gland still had low postoperative PTH. An exception is Pa-
tient 8 in Table 2, who had favorable assessments of their
parathyroid glands by both LSCI and the surgeon. Although
PTH was below the normal range on POD1, it recovered to
normal within days whereas recovery took weeks to months
in the other patients. Therefore, it is possible that the transient
PTH drop in this patient was due to postoperative swelling or
other effects, rather than loss of parathyroid function.

Overall, 8.3% of patients experienced temporary hypopa-
rathyroidism compared with the median reported rate of 27%
(12). Additionally, while the rate of permanent hypoparathy-
roidism was 1.4%, it usually reported as up to 5% (2,3) or
higher (5). Incidence of hypoparathyroidism after thyroid
surgery is largely dependent on surgeon experience and spe-
cialization, and at a high-volume institution, there are less
likely to be postsurgical complications. The three surgeons
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involved in this study are high-volume surgeons who perform
over a hundred thyroidectomies annually, pointing to one
limitation of this study—there were not many patients who
experienced a negative outcome.

Furthermore, in some patients, not all parathyroid glands
may have been evaluated. While it is possible for a patient to
naturally have more or less than four parathyroid glands, 84–
87% have four (53). Hence, for 47 of the 72 patients in this
study, there could have been parathyroid glands that were

hidden and therefore not evaluated. It could be argued that
these hidden glands were protected and therefore largely
responsible for the patients’ normal postoperative outcomes.
To overcome this limitation, future studies need to evaluate
all four parathyroid glands. In four cases, a parathyroid gland
was not easily accessible for imaging with the current device.
Finally, this study was entirely reliant on the visual assess-
ment of the surgeon to identify the parathyroid glands.

Nevertheless, LSCI is also highly promising because it can
be performed simultaneously with NIRAF imaging and work
is already underway to develop clinical devices utilizing both
techniques (54–56). Specific points for consideration and
discussion on discrepancies between LSCI and surgeon as-
sessment can be found in the Supplementary Discussion
section in the Supplementary Data.

In summary, LSCI is a promising approach for label-free
intraoperative assessment of parathyroid gland vascularity. It is
quantitative, real-time, label-free and does not interfere with
NIRAF detection for localization of parathyroid glands. Based
on this data set, a total thyroidectomy patient who does not have
at least one vascularized parathyroid gland by LSCI will likely
suffer hypoparathyroidism, while the vast majority of those
who do will have normal PTH levels. Use of LSCI in thyroid
surgery has the potential to help reduce long-term postsurgical
hypoparathyroidism by providing surgeons with objective and
accurate assessment of parathyroid gland vascularity.
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