THE MEDICAL BULLETIN OF

SISLI ETFAL HOSPITAL

DOI: 10.14744/SEMB.2023.06691
Med Bull Sisli Etfal Hosp 2023;57(4):466-472

Sisli Etfal
Hastanesi
Tip Biilteni
1 Medical Bullet
« Sisli Etfal Hos

Assessing Parathyroid Gland Viability and Predicting
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Abstract

Objectives: Postoperative hypoparathyroidism is a common complication following thyroidectomy, with the potential for signifi-
cant morbidity and cost. While various techniques have been proposed for intraoperative parathyroid gland (PG) identification
and preservation, indocyanine green (ICG) angiography has emerged as a promising method. In this retrospective study, patients
who underwent total thyroidectomy with or without central neck dissection were evaluated for the utility of ICG angiography in
identifying PGs and the correlation of ICG scores with postoperative parathyroid function.

Methods: ICG angiography was performed using a standardized protocol, and the degree of PG vascularization was assessed
visually. A scoring system was employed based on ICG uptake intensity in PGs, as described in the literature. Pearson's correlation
test examined the relationship between the total ICG score and percentage parathyroid hormone (PTH) gradient, postoperative
calcium, and PTH levels. In addition, patients with at least one well-vascularized PG were also evaluated.

Results: Twenty-two patients were included in the study. Significant positive correlations were found between the total ICG score
and postoperative PTH levels (r=0.549, p=0.008), and a negative correlation with the percentage of PTH gradient (r=-0.504, p=0.01).
However, six patients with well-vascularized PGs on ICG angiography still developed postoperative hypoparathyroidism.
Conclusion: ICG angiography offers a potential tool for evaluating PG vascularization during thyroidectomy and predicting the risk
of postoperative hypoparathyroidism. However, its application should be used judiciously, and the technique should be improved
for PG preservation. Further studies are warranted to better understand its benefits and limitations in thyroid surgery.

Keywords: Fluorescence, hypoparathyroidism, ICG, indocyanine green, parathyroid glands, thyroidectomy

Please cite this article as "Sobutay E, Cakit H, Terzioglu T. Assessing Parathyroid Gland Viability and Predicting Postoperative Hypoparathy-
roidism in Thyroid Surgery: The Utility of Indocyanine Green Angiography. Med Bull Sisli Etfal Hosp 2023;57(4):466-472".

he most frequent complication following thyroidec-

tomy is hypoparathyroidism. The likelihood of de-
veloping hypoparathyroidism increases in cases involv-
ing extensive thyroid resection, central neck dissection,
and procedures undertaken for recurrence.*® Decreased
plasma concentrations of parathyroid hormone (PTH) may
lead to the development of hypocalcemia.” The incidence
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of transient hypoparathyroidism has been reported as
6-49%.""! However, in some patients, permanent hypo-
parathyroidism may develop. The literature presents vary-
ing percentages, contingent upon the specific study and
patient cohort, with recorded rates reaching up to 12.5%.
67 Transient hypoparathyroidism can increase the length
of hospital stay and hospitalization costs.®! Moreover, per-
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manent hypoparathyroidism can lead to lifelong medica-
tion use, with an increased risk of cerebral, vascular, ocular,
and renal damage, and other adverse outcomes that may
severely impair patients' quality of life.>>4

Despite meticulous surgical techniques and surgeon expe-
rience, the parathyroid glands (PG) or their blood supply
may be damaged, or glands can be inadvertently resected
during procedures.' Currently, intraoperative detection
of PGs is mainly based on visual inspection, depending
on surgical experience.""" However, various intraoperative
localization techniques have been proposed over the last
decades to facilitate PG identification. New fluorescence
techniques have been implemented to enable the detec-
tion and conservation of PGs during surgery.'" Two po-
tential approaches that can be used include near-infrared
autofluorescence imaging and indocyanine green (ICG)
fluorescence imaging.l'>'#

ICG is a fluorescent contrast agent approved by the Food
and Drug Administration and has been utilized since 1956.
02t is widely used in fluorescence imaging to assess tis-
sue perfusion and vascularization in real-time. After ICG is
administered by intravenous injection, it circulates in the
bloodstream by binding to plasma proteins and is then
eliminated from the body by the hepatobiliary system.['
Its half-life is 3-5 minutes, and its elimination is completed
within 15-20 minutes.'" ICG emits fluorescence in the near-
infrared spectrum when excited with light in the 750-800
nm range.'"® This characteristic has facilitated its applica-
tion in various medical fields, including ophthalmology,
colorectal surgery, reconstructive surgery, cholangiogra-
phy, and lymph node mapping.'®

More recently, ICG has been used to evaluate parathyroid
vascularization after thyroid resection."”"' In a study pub-
lished in 2016, Vidal Fortuny et al.'® demonstrated the use-
fulness of ICG angiography in evaluating parathyroid vas-
cularization in patients undergoing total thyroidectomy. In
the same year, Zaidi et al.'”? and Lavazza et al.'® also pub-
lished their retrospective studies reporting similar results.

Upon a comprehensive review of the literature, it was pre-
dominantly found that a correlation exists between the
uptake of ICG and parathyroid function after surgery.’™ In
a randomized prospective study, it was reported that post-
operative hypocalcemia did not develop in any of the 146
patients in whom at least one PG was found to have been
well-perfused using ICG angiography.?” On the other hand,
Rudin et al.?'] found that it took at least two, rather than a
single well-perfused PG, to predict postoperative parathy-
roid function better. In another study, Galvez-Pastor et al.?Z
showed that a total ICG score of 4 PGs above 3 was a nega-
tive predictor for postoperative hypocalcemia.

This study retrospectively reviewed patients who under-
went ICG angiography to evaluate PGs during total thyroid-
ectomy at our institution. The study aimed to assess the
ability to use ICG angiography to aid in identifying the PGs
and investigate whether there was a correlation between
ICG angiography patterns and postoperative parathyroid
functions.

Methods

Study Population

This study was conducted in accordance with the principles
of the Declaration of Helsinki. Approval was granted by the
local Institutional Review Board (IRB1.088, 2023.274). The
medical records of all patients who underwent total thy-
roidectomy at our institution between July 2022 and July
2023 were retrospectively reviewed. Among patients who
underwent intraoperative ICG angiography to evaluate
the parathyroid glands (PGs), those in whom all four PGs
were identified (taking into account accidentally removed
glands) were included in this study. There were no selec-
tion criteria for the use of ICG angiography; it was applied
during surgery if the technical equipment was available in
the operating room.

Patients with concurrent parathyroid disease, a history of
previous neck surgery, or those using calcium supplements
were excluded from the study. Patients who also under-
went central neck dissection during thyroidectomy were
not excluded from the study. No patient had a history of al-
lergies or intolerance to ICG, iodine dyes, or renal or hepatic
insufficiency.

Patient demographics, surgical indications, preoperative
laboratory results, intraoperative findings, surgical video
recordings, pathology reports, and postoperative calcium
and PTH levels were retrospectively collected.

Surgical Procedure and ICG Angiography

All surgical procedures were performed by the same senior
surgeon with over thirty years of experience in endocrine
surgery. Thyroidectomy was performed using a Focus Har-
monic scalpel (Ethicon, Cincinnati, OH) to avoid devascu-
larization or inadvertent removal of PGs by standard cap-
sular dissection technique. The energy device was not used
when dissecting close to the PGs and the recurrent laryn-
geal nerves. Routine intra-operative nerve monitoring was
used in all operations. Attempts were made to identify four
parathyroid glands in orthotopic locations during thyroid-
ectomy. Once the thyroid specimen had been removed,
PGs were identified through visual inspection followed by
ICG angiography. The thyroidectomy specimen was exam-
ined on the operating table for any inadvertently removed
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PG before being sent for histopathological examination.
PGs that were found to be inadvertently removed were
autotransplanted. Nonvascularized glands in ICG angiogra-
phy were left in place. For patients diagnosed with papil-
lary thyroid carcinoma or suspected thyroid carcinoma on
frozen section, central neck dissection was performed after
parathyroid assessment to avoid inadvertent PG removal
along with the lymph nodes.

ICG angiography was performed following the same pro-
tocol as applied in previous studies.?*?* The optimal total
dosage for ICG administration has not been definitively es-
tablished, and in most studies, the dosage and frequency
of injections are determined by the surgeon's preference.
Twenty-five milligrams of ICG (Verdye®, Diagnostic Green
GmbH, Aschheim-Dornach, Germany) was prepared in 10
ml sterile water, and 3 ml was given to the patient via the
peripheral venous route. Afterward, the venous catheter was
flushed with a saline solution to obtain rapid images. The
maximum daily injection dose is 5 mg per kg; however, even
if multiple applications are made during a typical procedure,
the ICG used is well below established safety limits.!824

Approximately two minutes after injection, ICG-enhanced
fluorescence imaging of PGs was obtained using the PIN-
POINT fluorescence imaging system and a portable hand-

held near-infrared camera (SPY-PHI, Stryker Endoscopy, CA,
USA). Normal light images were recorded, and the operat-
ing theatre lights were dimmed. Then, normal colorized
images with overlay green fluorescence near-infrared view
mode of imaging were obtained and recorded (Fig. 1). In
patients undergoing central neck dissection, angiography
was repeated after lymphadenectomy. All images were re-
corded in the hospital database.

Parathyroid Glands Viability and ICG Scoring

Due to the abundant blood supply of the PGs, they are
seen more clearly in ICG angiography than in the surround-
ing tissues. The PGs with good blood supply after thyroid-
ectomy have higher fluorescence levels.?! The authors
retrospectively evaluated video footage recorded during
surgery. Visual assessment of the PGs was performed using
a two-point grading system described by Vidal Fortuny et
al.'® Accordingly, the PGs were graded into three catego-
ries: 0, nonvascularized (no green color); 1, partially vascu-
larized (pale green color); and 2, well-vascularized (bright
green color) (Fig. 2). PGs detected in pathological examina-
tion or autotransplanted were scored as 0. Vascularization
scores of all PGs were determined, and total scores were
calculated for each patient.

Figure 1. Representative ICG angiography images: (a) Normal white light view (b) Superposed green fluorescence near-infrared view (c) Black

and white near-infrared view. Circles indicate the parathyroid gland.

Figure 2. Various degrees of ICG fluorescence of parathyroid glands after completion of thyroidectomy (a) Well-vascularized (bright green,
viability score 2) (b) Partially vascularized (pale green, viability score 1) (c) Devascularized (no green color, viability score 0).
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Postoperative Follow-up

All patients' serum calcium and PTH levels were routinely
checked on the first day after surgery. Normal reference
levels for calcium and PTH in the authors' institution are
between 8.6-10.5 mg/dl and 15-65 pg/ml, respectively. A
serum calcium level below 8.0 mg/dl was defined as hypo-
calcemia, and a PTH level below 15 pg/ml was defined as
hypoparathyroidism. The percentage of the PTH gradient
was calculated as (preoperative PTH - postoperative PTH) /
preoperative PTH x 100.

Calcium and vitamin D supplements were started in pa-
tients with hypocalcemia or hypoparathyroidism. Bio-
chemical blood parameters were checked regularly until
the patients became normocalcemic or until permanent
hypoparathyroidism was diagnosed.

Statistical Analysis

SPSS® software v26.0 (SPSS Inc., Chicago, IL, USA) was used
for statistical analysis. Data are presented as mean * stan-
dard deviation (SD) or median and interquartile range (IQR)
depending on the distribution. The normality of data distri-
bution was tested with the Shapiro-Wilk test for quantita-
tive variables. Categorical variables are displayed as num-
bers and percentages (%). Spearman correlation coefficient
was used to evaluate the correlation between the total ICG
score and percentage PTH gradient, postoperative calcium,
and PTH levels. All analyses were two-tailed; a significance
level of p<0.05 was determined as statistically significant.

Results

A total of twenty-two patients who met the criteria were
included in the study. The mean age was 53.5+11.3 years,
and the majority of patients were female (77%). The mean
body mass index was 26+4.9 kg/m2. The most common in-
dication for thyroid surgery was thyroid cancer (73%). Pre-
operative levels of PTH, calcium, and vitamin D were within
normal limits for all patients. Clinical data and preoperative
biochemical results are presented in Table 1.

The mean operative time was 94+22.8 minutes, with central
neck dissection performed in 50% of the patients. On the
first day after surgery, the mean PTH value was 21.3+£13.3
pg/ml, the mean calcium value was 8.6+0.5 mg/dl, and the
mean percentage of PTH gradient was 55.8+27.8%. No sta-
tistically significant difference was observed between pa-
tients who underwent central neck dissection and those
who did not in terms of postoperative calcium, PTH values,
and total ICG scores. Postoperatively, two patients (9%) had
a serum calcium value of <8 mg/d|, eight patients (36%)
had a serum PTH level of <15 pg/ml, and none exhibited
symptoms. Details of perioperative characteristics and

Table 1. Baseline characteristics of study population.

Age, years 53.5+11.3
Gender, female (%) 17 (77)
BMI (kg/m?) 26+4.9
Indications for surgery
Thyroid cancer 16 (73)
Multinodular goitre 5(23)
Graves' disease 1(4)
Preoperative laboratory
PTH (pg/ml)* 53.4+19.5
Calcium (mg/dl)* 9.3+0.4
Phosphorus (mg/dl)* 3.5+0.5
Magnesium (mg/dl)t 2(1.9-2.1)
Vitamin D (ng/ml)* 55.2+18.9

Values in parentheses are percentages, * values are mean (SD), and t values
are median (interquartile range). Abbreviations: BMI: Body mass index;
PTH: Parathyroid hormone.

postoperative biochemical results are displayed in Table 2.

The median total ICG score for the patients was 5.5 (IQR,
3.75-6). In two patients (9%), ICG angiography did not dem-
onstrate at least one well-vascularized PG. Transient hypo-
parathyroidism was observed in these patients without any
symptoms (PTH levels were 5.7 pg/ml and 6.5 pg/ml, and
calcium levels were 8.1 mg/dl and 8.4 mg/dl on the first
postoperative day). Subsequently, at follow-ups, PTH levels
were measured as 20 and 15 pg/ml after seven days, and
24 and 60 pg/ml after one month, respectively. However,
among the remaining 20 patients with an ICG score of 2 in
at least one PG, calcium levels were below 8 mg/dl in two
patients, and PTH levels were below 15 pg/ml in six.

There were significant positive correlations between the
total ICG score and postoperative PTH levels (r=0.549;
p=0.008) (Fig. 3) and a negative correlation between the
percentage of PTH gradient (r=-0.504; p=0.01) (Fig. 4).
However, no correlation was found between the total ICG

Table 2. Perioperative characteristics and postoperative
biochemical results

Operative time, minutes 94+22.8
Central lymph node dissection (%) 11 (50)
Postoperative 24th-hour laboratory
PTH (pg/ml)* 21.3+13.3
Mean PTH gradient (%)* 55.8+27.8
Calcium (mg/dl)* 8.6+0.5
Total ICG score, median (IQR)t 5.5 (3.75-6)
ICG score 2 (at least one well-vascularized gland) 20 (91)

Values in parentheses are percentages, * values are mean (SD), and t values
are median (interquartile range). Abbreviations: PTH: Parathyroid hormone;
ICG: Indocyanine green.
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Figure 3. The relationship between the mean percentage of the PTH
gradient and the total ICG score.

score and postoperative calcium levels (r=0.420; p=0.052).

No perioperative or postoperative complications related
to the use of ICG were observed. None of the 22 patients
experienced symptomatic hypocalcemia or permanent hy-
poparathyroidism.

Discussion

The present study aimed to evaluate the utility of ICG an-
giography in identifying parathyroid glands (PGs) during
total thyroidectomy and investigate whether there was a
correlation between ICG angiography patterns and post-
operative parathyroid functions. To the best of our knowl-
edge, this study is one of the few conducted in our country
that focuses on using ICG angiography for PG detection in
thyroid surgery. The ICG scores, both total and individual
gland scores, were determined based on ICG uptake inten-
sity of the PGs as previously defined in the literature. Sta-
tistical analysis revealed a significant positive correlation
between the total ICG score and postoperative PTH levels
(r=0.549; p=0.008) and a negative correlation between the
percentage of PTH gradient (r=-0.504; p=0.01). However,
upon individual patient examination, hypoparathyroidism
was observed in six patients who had at least one well-vas-
cularized PG, contrary to findings reported in some previ-
ous studies.’20%!

Postoperative hypoparathyroidism stands as the most
common complication following thyroid surgery and may
occur due to inadvertent removal or devascularization of
PGs.[" Current methods for evaluating parathyroid function
involve measuring calcium and PTH levels after surgery.
Many studies have demonstrated that intraoperative ICG
angiography can provide immediate assessment of para-
thyroid function following resection, offering an advantage
over these conventional methods.””? Consequently, there
has been growing interest in the application of ICG angiog-
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Figure 4. The relationship between the postoperative PTH levels and
the total ICG score.

raphy in thyroid surgery.

Vidal Fortuny et al.'"® introduced a scoring system based on
the degree of ICG fluorescence in the PGs, grading glands
as 0, 1, or 2 according to their vascularization degree. In
their system, nonvascularized glands received a score of 0,
while well-vascularized glands received 2 points. This scor-
ing system has been utilized in various forms across many
studies. In Vidal Fortuny et al!s""® original publication, they
examined 36 patients, and postoperative PTH levels were
found to be within the normal range for 30 patients with
an ICG score of 2 in at least one PG. Transient hypopara-
thyroidism developed in two out of six patients with well-
vascularized PGs not detected on ICG angiography. Rudin
et al.?" studied 86 patients who underwent total thyroid-
ectomy with ICG angiography. In contrast to Vidal Fortuny
et al., they found that having at least two glands with an
ICG score of 2 correlated with normal PTH levels, predicting
parathyroid function with 57% accuracy and 58% sensitiv-
ity. However, they noted that this method was not 100%
predictive and should not be the sole method for predict-
ing postoperative hypoparathyroidism. Galvez-Pastor et
al.?? calculated total scores for the four PGs (4-ICG score)
and demonstrated that this score effectively discriminated
in predicting postoperative hypocalcemia. In a study by
Moreno Llorente et al.” which compared the diagnostic
accuracy of the one-gland ICG score with the four-gland
sum ICG score in 50 patients undergoing thyroidectomy, it
was found that the one-gland ICG score had higher diag-
nostic accuracy in predicting hypocalcemia. Although the
majority of literature supports the idea that ICG scores of
PGs predict PTH and calcium levels after thyroid surgery,
some studies do not align with these findings. Razavi et
al.”® found that postoperative calcium levels were normal
in 20 patients with a vascularization score of 0, while tran-
sient hypocalcemia occurred in 5 patients with high I1CG
scores in their study involving 43 patients. They concluded
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that ICG angiography could not predict postoperative hy-
pocalcemia. In a prospective evaluation of 60 patients, Pa-
pavramidis et al.? reported that ICG scores could not pre-
dict PTH and calcium levels after thyroidectomy. However,
they noted that ICG angiography was useful in detecting
PGs in 98% of cases. The discrepancies in study outcomes
may be attributed to the lack of standardized numerical cri-
teria for interpreting ICG angiography images, as the scor-
ing process remains subjective.

In a prospective randomized study, Vidal Fortuny et al.2%
concluded that when ICG angiography shows at least one
well-vascularized PG, systematic calcium/PTH measure-
ment after total thyroidectomy and systematic calcium
supplementation is unnecessary. However, in our study,
the postoperative PTH levels of 6 patients with at least one
well-vascularized PG detected on ICG angiography were
below the normal range. Therefore, although well-vascu-
larized PGs are shown in ICG angiography when low PTH/
calcium levels are detected postoperatively, oral calcium
replacement is continued in our center even if the patients
do not have signs of hypocalcemia.

Most retrospective studies in the literature demonstrate the
benefits of ICG angiography. It should not be forgotten that
the subjective observation of the surgeon is an important
factor in these studies. Contrary to the qualitative scoring
systems in the literature, Lang et al.?® quantitatively calcu-
lated the light intensity of each PG according to the trachea
in patients who underwent thyroidectomy. Accordingly,
fluorescent light intensity correlated with postoperative
parathyroid function. In addition to the primary benefit of
using ICG angiography in thyroidectomy, surgeons' aware-
ness of PG preservation may increase, leading to a more
meticulous dissection of the vascular pedicle.

In this study, only PGs that were found to be inadvertently
removed were autotransplanted. Nonvascularized glands
in ICG angiography were left in place. Rudin et al.?" ana-
lyzed the usefulness of ICG angiography in guiding auto-
transplantation in patients undergoing thyroidectomy.
Although more autotransplantation was performed in the
group that underwent ICG angiography than in the group
that did not (36% vs. 12%, p=0.0001), there was no signifi-
cant difference in postoperative PTH levels.

ICG angiography should increase the number of PGs visu-
alized and preserved during surgery, thereby helping to
reduce postoperative hypocalcemia rates. For this reason,
applying ICG at the beginning of the surgery may allow vi-
sualization of PGs and their vascular pedicles. However, ICG
angiography has some limitations in this respect. ICG does
not specifically settle in the parathyroid tissue and is also
taken up by the thyroid. Therefore, it has been reported

that the thyroid emits fluorescent signals similar to those
of PGs, which may interfere with PG visual detection.B" In
addition, after dissection, ICG can be used to identify de-
vascularized glands and assist in the decision of autotrans-
plantation.

Our study has several limitations. First, it was retrospective,
but since all surgical videos and patient data were prop-
erly stored in the hospital database, evaluation could be
made without data loss. Second, the number of patients is
relatively small. The most significant limitation was the sur-
geon's subjective interpretations due to the nature of the
evaluation of ICG angiography.

Conclusion

This study investigated the use of ICG angiography in eval-
uating PG functions during thyroid surgery by examining
the relationship between the ICG scores of the PGs and
postoperative hypoparathyroidism. Although correlations
were found between the total ICG score and postoperative
PTH levels and the percentage of PTH gradient, having a
single well-vascularized PG did not prevent the develop-
ment of postoperative hypoparathyroidism. The use of ICG
angiography may help the surgeon understand the status
of the PGs before dissection and control the vascularization
of the PGs during the continuation of the surgery. Combin-
ing ICG angiography findings with early postoperative PTH
measurement may have an important place in the early
prediction of hypocalcemia. However, the limitations of
ICG angiography applications in thyroid surgery should
be recognized, and this technique should be developed to
help protect PGs.
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