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Abstract

Introduction Hypoparathyroidism is the most frequent complication after total thyroidectomy and, when permanent,

it becomes a severe chronic disease. We assessed the usefulness of indocyanine green (ICG) angiography-guided

thyroidectomy to reduce the postoperative hypocalcemia.

Methods Prospective study with two consecutive cohorts of patients who underwent total thyroidectomy: historical

control group (CG) and angiography-guided thyroidectomy group (AG). In all patients, ICG-angiography was

performed at the end of the surgery to predict immediate parathyroid gland (PG) function. In the AG, ICG-

angiography was also done after PG identification to show their vascular supply. We compared the rate of post-

operative hypocalcemia (calcium supplementation needed due to hypocalcemia symptoms or calcium levels\ 1.8

mmol/L on the first postoperative day) and permanent hypocalcemia (need of calcium ± vitamin D supplementation

12 months after thyroidectomy).

Results We included 120 consecutive patients (84 CG; 36 AG). Thyroid cancer was the most common diagnostic

(63.1% CG–69.4% AG; p = 0.646) and central neck dissection was also frequent (54.8% CG–64.3% AG; p = 0.468).

The AG developed a lower rate of postoperative (26.2–5.6%; p = 0.011) and permanent hypocalcemia (11.9–0%;

p = 0.032). The OR for permanent hypocalcemia was 0.673 (95% CI 0.591–0.766). A significant higher rate of well

vascularized PG at the end of the surgery (score 2) in the AG (39.2–52.9%; p = 0.018) was also seen.

Conclusion ICG angiography-guided thyroidectomy is a useful tool to identify PG vascularization, allowing a better

PG preservation and a significant decrease in hypocalcemia rates.
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Introduction

Intraoperative real-time indocyanine green (ICG) angiog-

raphy has gained popularity for the localization and

assessment of vascularization of the parathyroid glands

during thyroid surgery [1–11], although estimation of the

gland perfusion with this ICG technique still lacks stan-

dardization [1–4]. Also, a limited number of studies have

examined the correlation of intraoperative ICG angiogra-

phy findings and postoperative parathyroid function with

different conclusions [5–8]. Recently, a new application of

the ICG angiography technique is based on the possibility

to show those vessels feeding the parathyroid glands before

performing thyroidectomy, allowing the surgeons to per-

form an accurate dissection to preserve these vessels and

hence parathyroid gland function [12, 13]. However,

whether intraoperative ICG mapping angiograms will fur-

ther reduce hypoparathyroidism has not been previously

evaluated.

We assessed whether intraoperative identification of the

feeding vessels of the parathyroid glands using ICG

angiography before total thyroidectomy could reduce the

occurrence of postoperative hypocalcemia.

Methods

Design and patients

This was a prospective cohort study of all consecutive

patients with thyroid diseases in which elective total thy-

roidectomy, with or without neck dissection was the

treatment of choice. The study was performed at the Unit

of Endocrine Surgery of an acute-care teaching hospital

between October 2018 and February 2022. Eligible patients

were included in two consecutive cohorts. The first cohort

included patients who underwent post-thyroidectomy ICG

angiography to predict immediate parathyroid gland func-

tion by scoring the degree of fluorescence of the parathy-

roid glands (from October 2018 to October 2020) (control

group). These patients belonged to a previous study in

which all 4 parathyroid glands had to be identified to define

the value of a well perfused PG (score 2) in post-thy-

roidectomy calcium levels [14, 15]. The second cohort

included patients undergoing initially ICG angiography

guided thyroidectomy to identify the vessels feeding the

parathyroid glands and then, similarly to control group,

post-thyroidectomy ICG angiography to predict immediate

parathyroid function (from November 2020 to February

2022) (angiography-guided thyroidectomy group). Exclu-

sion criteria were history of previous parathyroid surgery,

severe hepatic or renal dysfunction and allergy or

intolerance to ICG or iodine dyes. All included patients

were controlled at 1 month after surgery, and since then

until resolution of hypoparathyroidism when necessary.

The primary endpoint was a comparison of post-thy-

roidectomy hypocalcemia between the two cohorts. Sec-

ondary objectives were as follows: (a) to compare the

occurrence of severe and permanent hypocalcemia after

total thyroidectomy between the two cohorts, (b) to com-

pare the number of parathyroid glands identified, left in situ

and with an ICG score of 2 after total thyroidectomy.

The study protocol was approved by the local Clinical

Research Ethical Committee (codes PR054/19 and PR004/

22), and written informed consent was obtained from all

patients.

Procedures

All patients were managed similarly in the perioperative

period throughout the study period. In patients with a

preoperative 25-OH vitamin D deficit (\ 20 ng/mL), sup-

plementation was recommended. None of the patients

received preoperative calcium supplementation.

All patients were operated on by the same senior

endocrine surgeon (P.M.Ll.) using a standard protocol for

thyroidectomy, starting with luxation of each thyroid lobe

and performing careful dissection to minimize damage to

the parathyroid glands, followed by search and visual

identification of the glands in each lobe. A reasonable

effort was made to identify all parathyroid glands in

orthotopic localizations. Then, in the angiography-guided

thyroidectomy group an ICG angiography of the parathy-

roid glands was performed. Briefly, 1 mL of the contrast

material was administered through a peripheral vein after

dilution of a powdered vial of 25 mg (Verdye�, Diagnostic

Green GmbH, Aschheim-Dornach, Germany) of ICG in

10 mL of sterile water. After a few seconds, ICG-enhanced

fluorescence imaging of the vascular pattern of the

parathyroid glands previously identified was acquired using

a near-infrared camera (SPY-PHI, Stryker Endoscopy, San

Jose, CA, USA) (Fig. 1). The vascular pattern included

visualization of a clear feeding vessel with its pedicle or a

vascular network around the parathyroid gland without a

clear feeding vessel (Figs. 2 and 3). In these patients, once

the vessel supplying each parathyroid gland was identified,

the dissection was performed in a guided manner, when

possible, to minimize its damage.

In both groups (angiography-guided thyroidectomy and

control), after each lobectomy, 3 mL of the contrast

material was administered, with repeated doses when

needed allowed until a maximum of 5 mg/kg was reached,
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and a black and white near-infrared view was obtained as

previously described [14–16]. The degree of ICG fluores-

cence on parathyroids was classified as 0, black (non-vas-

cularized), 1, gray/heterogeneous (partially vascularized)

and 2, white similar to an artery (well vascularized)

(Fig. 4). The same procedures were followed in the

contralateral lobe. In patients undergoing central neck

dissection, angiography was performed after each proce-

dure, lymphadenectomy and thyroidectomy. The surgical

procedure is shown in an supplementary video (https://

youtu.be/nZR8wJ7b3iE).

Fig. 1 Vascular map showing

vessels supplying parathyroid

glands (PG); RSPG: right

superior PG; RIPG: right

inferior PG

Fig. 2 Defined Vascular map:

an unique vessel feeds the gland

(arrows)

Fig. 3 Undefined vascular map: a vascular network sorrounds the gland; LSPG: left superior PG; LIPG: left inferior PG
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Measurement of intact PTH (iPTH) levels was deter-

mined preoperatively, 10 min after completion of the thy-

roidectomy, 10 min after central neck dissection (when

performed) and at 24 h postoperatively, using a chemilu-

minescence immunometric assay (reference limit

1.6–6.9 pmol/L). Corrected serum calcium levels were

measured 24 h after operation using a colorimetric assay,

and results were expressed as mmol/L (reference

2.20–2.54 mmol/L). Calcium was administered (1500 mg

every 8 h) in the presence of symptoms of hypocalcemia or

serum calcium levels\ 1.8 mmol/L in asymptomatic

patients. Hypocalcemia was defined as the need of calcium

supplementation, and severe hypocalcemia as the need of

calcium and vitamin D supplementation. Vitamin D sup-

plementation was introduced on the second postoperative

day when the patient failed to normalize calcium levels

after oral calcium administration. Permanent hypocalcemia

was defined functionally as the need of calcium and/or

vitamin D supplementation for 12 months after thyroid

surgery to maintain calcium levels within the normal limit

and free of hypocalcemic symptoms.

For each patient the following data were recorded:

demographics (age, gender); clinical diagnosis of thyroid

disease; central/lateral neck dissection (yes/no); number of

parathyroid glands identified; arteriographic pattern in all

parathyroid glands identified at the beginning of the sur-

gical procedure and showing ICG uptake; number of

parathyroid glands preserved in situ and autotransplanted;

quantitative ICG fluorescence of the parathyroid glands

(score 0, 1 and 2); histological diagnosis; number of glands

inadvertently resected or included in the surgical specimen;

serum iPTH levels before thyroid gland removal, 10 min

after completion of thyroidectomy and 24 h postopera-

tively; serum corrected calcium levels 24 h after surgery;

and requirements of calcium and/or vitamin D supple-

mentation and its duration.

Statistical analysis

Categorical variables are expressed as frequencies and

percentages, and continuous variables as mean and stan-

dard deviation (SD) or median and interquartile range

(IQR) (25th-75th percentile). The Student’s t test or the

Mann–Whitney U test were used for the comparison of

continuous variables, and the chi-square test or the Fisher’s

exact test for categorical variables. The odds ratio (OR)

and 95% confidence intervals (CI) were also calculated.

Statistical significance was set at P\ 0.05. The Statistical

Package for the Social Sciences (SPSS) version 26 for

Windows was used for data analysis.

Results

A total of 120 patients undergoing elective total thyroidec-

tomy met the inclusion criteria and were included in the

study. There were 37 men and 83 women, with a mean (SD)

age of 51.3 (13.8) years. Eighty-four patients were included

in the historical control group and 36 in the angiography

guided group. Salient clinical characteristics are shown in

Table 1. Thyroid cancer and multinodular goiter were the

most frequent clinical diagnosis in 65% and 25.8% of

patients, respectively, whereas papillary cancer was the most

frequent final histological diagnosis (63%). Central and

Fig. 4 Intraoperative ICG angiographic images, showing examples of parathyroid glands well vascurarized (white, viability score 2), partially

vascularized (gray/heterogeneous, viability score 1) and devascularized (black, viability score 0)
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lateral neck dissection were performed in 57.5% and 31.3%

of the patients (88.5% and 44.9% in those with cancer),

respectively. Statistically significant differences in preop-

erative and surgery-related variables between the two study

groups were not found (Table 1).

Post-thyroidectomy hypocalcemia

Calcium supplementation was needed by 24 patients (20.0%)

postoperatively, 2 (5.6%) from the arteriography-guided

group and 22 (26.2%) from the control group (p = 0.011).

Severe hypocalcemia was diagnosed in 1 (2.8%) patient in the

arteriography-guided group and in 12 (14.3%) control patients

(p = 0.105). Permanent hypocalcemia occurred in 10 (11.9%)

patients from the control group compared to no patients in the

angiography group (p = 0.032). The OR for permanent

hypocalcemia was 0.673 (95% CI 0.591–0.766).

Patients in the angiography and control groups showed

similar levels of iPTH before thyroid surgery but 10 min

and 24 h after completion of total thyroidectomy, iPTH

levels were significantly higher in the angiography group.

Corrected calcium levels 24 h after surgery were signifi-

cantly higher in the angiography group than in controls

(Table 2).

Table 3 displays those factors related to the development

of postoperative hypocalcemia. The performance of lateral

neck dissection was associated with a greater risk of

hypocalcemia, while the main protector factor against

hypocalcemia was the preservation of at least one gland

with an ICG score 2.

Preservation of the parathyroid glands

As shown in Table 4, of the total potential number of

parathyroid glands in the study population, the percentage

of glands identified in the angiography group (88.2%) was

higher than in the control group (80.4%), being this dif-

ference almost significant (P = 0.051). The percentage of

glands left in situ was also slightly higher in the angiog-

raphy group than in controls (95.3% vs. 92.6%), but dif-

ferences were not significant (p = 0.429). Seventeen glands

had been autotransplanted, 2 in the arteriography group and

15 in the control group (p = 0.118). Also, 29 parathyroid

glands were identified in the histopathological examina-

tion, 7 of them corresponded to the angiography group and

22 in the control group.

In the 127 parathyroid glands identified in the arteriog-

raphy-guided group, there was one feeding vessels with a

clear vascular pedicle in 66 (52.0%) and a visible vascular

network around the gland without a dominant vessel in 45

(44.1%). In 5 parathyroid glands the vascular pattern could

not be evaluated. When a clear vascular pedicle was

observed, the final ICG score was 2 in 37 glands preserved

Table 1 Characteristics of the study population

Variables Total (n = 120) Study groups P value

Angiography (n = 36) Controls (n = 84)

Gender

Males 37 (30.8) 11 (30.6) 26 (31.0) 1

Females 83 (69.2) 25 (69.4) 58 (69.0)

Age, years, mean (SD) 51.3 (13.8) 48.0 (14.1) 52.8 (13.5) 0.081

Diagnosis

Thyroid cancer 78 (65.0) 25 (69.4) 53 (63.1) 0.124

Multinodular goiter 31 (25.8) 5 (13.9) 26 (30.9)

Solitary nodule 3 (2.5) 1 (2.8) 2 (2.4)

Graves’ disease 6 (5.0) 4 (11.1) 2 (2.4)

Toxic nodular goiter 2 (1.7) 1 (2.8) 1 (1.2)

Histological diagnosis

Papillary cancer 76 (63.3) 22 (61.1) 54 (64.3) 0.508

Follicular cancer 3 (2.5) 0 3 (3.6)

Hürthle Cels cancer 1 (0.8) 1 (2.9) 0

Medullary cancer 12 (10.1) 4 (11.4) 8 (9.5)

Hyperplasia 27 (22.7) 9 (25.7) 18 (21.4)

Adenoma 1 (0.8) 0 1 (1.2)

Neck dissection

Central neck dissection 69 (57.5) 23 (63.9) 46 (54.8) 0.468

Lateral neck dissection 37 (30.8) 13 (36.1) 24 (28.6) 0.546

Data expressed as frequencies and percentages in parenthesis unless otherwise stated
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in situ (60.7%), while when no dominant vessel was found,

we only could preserve in situ with an ICG score 2, 25 glands

(45.5%). Although a tendency was observed, the difference

did not reach statistical significance (p = 0.146). Also, the

number of parathyroid glands with an ICG score 2 was sig-

nificantly higher in the arteriography-guided group than in

the control group (52.9% vs. 39.2%; p = 0.018) (Table 4).

Discussion

The use of ICG angiography at the beginning of thyroidec-

tomy and once the parathyroid glands have been identified,

has been a feasible technique to reveal the vascular map of

the glands. This finding is consistent with the prospective

study of Benmiloud et al. [13]. However, the novelty of our

study is the evaluation of the influence of this technique on

transient and permanent hypocalcemia. Identification of the

vascular pattern and feeding vessels of the parathyroids

Table 2 Transient hypocalcemia after total thyroidectomy and results of laboratory tests

Variables Total (n = 120) Study groups P value

Angiography (n = 36) Controls (n = 84)

Transient hypocalcemia 24 (20.0) 2 (5.6) 22 (26.2) 0.011

Transient severe hypocalcemia 13 (10.8) 1 (2.8) 12 (14.3) 0.105

Permanent hypocalcemia 10 (8.3) 0 10 (11.9) 0.032

Intact PTH (ioPTH) levels, pmol/L, median (IQR)

Before thyroidectomy 5.5 (3.9–7.3) 5.1 (3.7–6.9) 5.7 (4.1–7.3) 0.549

10 min after completion of surgery 2.9 (1.7–4.6) 3.9 (2.4–5.9) 2.5 (1.5–4.2) 0.002

24 h postoperatively 2.8 (1.5–4.3) 3.4 (2.0–4.9) 2.7 (0.9–4.1) 0.002

Corrected calcium level 24 h postoperatively, mmol/L, median (IQR) 2.1 (2.0–2.2) 2.2 (2.1–2.3) 2.1 (2.0–2.2) 0.032

Bold value indicates statistical significance

IQR: Interquartile range

Table 3 Predictors of transient hypocalcemia after total thyroidectomy

Total (n = 120) Hypocalcemia (n = 24) No hypocalcemia (n = 96) P value

Females 83 (69.2) 20 (83.3) 63 (65.6) 0.152

Age, years, mean (SD) 51.3 (13.8) 50.1 (14.3) 51.6 (13.8) 0.634

Cancer diagnosis 78 (65.0) 16 (66.7) 62 (64.6) 1

Central neck dissection 69 (57.5) 15 (62.5) 54 (56.3) 0.747

Lateral neck dissection 37 (30.8) 12 (50) 25 (26.0) 0.043

At least one PG with ICG score 2 88 (73.3) 3 (12.5) 85 (88.5) < 0.001

Bold values indicate statistical significance

Table 4 Identification of the parathyroid glands

Variables Study groups P value

Total (480 glands) Angiography (144 glands) Controls (336 glands)

Glands identified 397 (82.8) 127 (88.2) 270 (80.4) 0.051

Glands left in situ 371 (93.5) 121 (95.3) 250 (92.6) 0.429

Glands left in situ with ICG score 2 161 (43.4) 63 (52.9) 98 (39.2) 0.018

Glands autotransplanted 17 (4.3) 2 (1.6) 15 (5.6) 0.118

At least one PG with ICG score 2 88 (73.3) 30 (83.3) 58 (69.0) 0.163

Arteriographic pattern

One feeding vessel with clear pedicle 66 (52.0)

Visible vascular network around the gland 56 (44.1)

Not visible 5 (3.9)

Bold value indicates statistical significance
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favored not only a higher number of glands left ‘‘in situ’’ but

especially well vascularized, as shown by a higher number of

glands with an ICG score of 2, resulting in a fewer number of

patients with hypocalcemia.

Routine identification of the parathyroid glands during

thyroid surgery is controversial, as systematic identification

could be associated to transient hypoparathyroidism [17].

Moreover, a pitfall with this strategy is that not all parathyroid

glands could be found in their usual or orthotopic positions. In

contrast, selective identification of fewer in situ well vascu-

larized glands may further lower the risk of hypoparathy-

roidism, since identification of parathyroids is not equivalent

to preserve functioning glands [17, 18]. However, assessment

of the vascular pattern by means of intraoperative ICG

angiography may be a useful tool for preserving visually

identified parathyroid glands. In our study, all patients were

consecutively operated on by the same endocrine surgeon,

which may prevent surgery-related performance bias,

although worse results could be obtained in the historical

control group if the surgeon improves over time. Also, the

decreasing rate of hypocalcemia could be the result of a nat-

ural evolution in the quality of care of the surgeon.

Interestingly, the vascular pattern was characterized by

the presence of one feeding vessel with clear vascular

pedicle or a poorly defined pattern with a visible vascular

network around the gland. In 5 cases, one case in which the

parathyroid gland was retracted by the thyroid tumor, the

vascular pattern could not be assessed.

When considering the degree of angiographic perfusion

after initial angiography, it could be argued that after the

initial dose of ICG, some dye could remain in the operative

field and could alter the ability to evaluate the glowing of

the glands after consecutive ICG doses and therefore their

score. However, we have observed that after every repeated

dye (ICG) injection the remaining fluorescence disappear

immediately after the new dose of ICG shows the vessels

and perfuses the gland. In fact, intraoperative ICG

angiography was useful because it allowed guiding thy-

roidectomy according to the vascular map and, in a second

step, to predict the parathyroid function based on score

system 0-1-2. However, a scoring system based on quan-

tification of ICG fluorescence should be necessary for a

more objective and easy assessment of parathyroid gland

perfusion and viability status.

It should be noted that there was a high representation of

patients with cancer and patients treated with central neck

dissection, which may account for the relatively high rate of

permanent hypoparathyroidism in the first cohort. This

means that although on the one hand it would allow finding

differences more easily, in a certain way it constitutes a

selection bias because this was a cohort of special risk. In this

regard, we found that although central neck dissection did

not significantly increase the rate of hypoparathyroidism,

this was increased in patients with a lateral neck dissec-

tion. This is probably due to the presence of patients with a

greater tumor burden, who require more aggressive dissec-

tions, with a higher risk of hypoparathyroidism.

Besides, patients in the control group belonged to a

study in which it was necessary to find all 4 parathyroid

glands. This ‘‘intensive search’’ could have been con-

tributed to a higher rate of permanent hypoparathyroidism

in this group. However, although in the second cohort of

patients the representation of cancer patients was similar,

the use of arteriography-guided thyroidectomy allowed us

to drastically reduce the rate of hypoparathyroidism, even

in these high-risk patients. Although some patients in the

second cohort have not completed one-year follow-up,

none of them remained with hypoparathyroidism at the

time this study was completed.

Intraoperative identification of vessels feeding parathy-

roids implies a change in the way thyroidectomy is per-

formed especially when the supplying vessels are

intimately attached to the thyroid, come from the thyroid or

have an anomalous course, which happens very often.

Thus, conventional surgery aims at resecting the thyroid

leaving the parathyroids in situ, sometimes intuitively.

However, when performing angiography-guided thy-

roidectomy the main objective is twofold and in this order:

firstly, to dissect and preserve both the vessels supplying

the glands and secondly, to complete the thyroidectomy.

Conclusion

This study reports the evolution of surgical results of one

thyroid senior surgeon using angiography-guided thy-

roidectomy in a large endocrine clinic. In the present study,

identification of the parathyroid vessels before conducting

the thyroidectomy allowed to preserve ‘‘in situ’’ more well-

perfused parathyroid glands and consequently contributing

to prevent the development of postoperative

hypoparathyroidism.

However, these findings should be confirmed in a mul-

ticenter randomized controlled trial.
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