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Abstract

Background: Techniques for autofluorescence have been introduced to visualize the parathyroid glands during surgery and to reduce
hypoparathyroidism after thyroidectomy.

Methods: This parallel multicentre RCT investigated the use of Fluobeam® LX to visualize the parathyroid glands by autofluorescence
during total thyroidectomy compared with no use. There was no restriction on the indication for surgery. Patients were randomized
1:1 and were blinded to the group allocation. The hypothesis was that autofluorescence enables identification and protection of the
parathyroid glands during thyroidectomy. The primary endpoint was the rate of low parathyroid hormone (PTH) levels the day after
surgery.

Results: Some 535 patients were randomized, and 486 patients received an intervention according to the study protocol, 246 in the
Fluobeam® LX group and 240 in the control group. Some 64 patients (26.0 per cent) in the Fluobeam® LX group and 77 (32.1 per cent)
in the control group had low levels of PTH after thyroidectomy (P=0.141; relative risk (RR) 0.81, 95 per cent c.i. 0.61 to 1.07).
Subanalysis of 174 patients undergoing central lymph node clearance showed that 15 of 82 (18 per cent) in the Fluobeam® LX group
and 31 of 92 (33 per cent) in the control group had low levels of PTH on postoperative day 1 (P=0.021; RR 0.54, 0.31 to 0.93). More
parathyroid glands were identified during operation in patients who had surgery with Fluobeam® LX, and fewer parathyroid glands
in the surgical specimen on definitive histopathology. No specific harm related to the use of Fluobeam® LX was reported.
Conclusion: The use of autofluorescence during thyroidectomy did not reduce the rate of low PTH levels on postoperative day 1in the
whole group of patients. It did, however, reduce the rate in a subgroup of patients. Registration number: NCT04509011 (http:/www.
clinicaltrials.gov).

Introduction The use of near-infrared (NIR) autofluorescence was introduced
a decade ago, and proposed as a means of identification and
protection of the parathyroid glands during thyroid surgery™'°. A
further advance in the area was to combine autofluorescence of
the parathyroid glands with fluorescence imaging using
indocyanine green (ICG) angiography. It was demonstrated that
at least one well vascularized parathyroid gland, as assessed by
1112 predicted the absence of postoperative

Temporary and permanent hypoparathyroidism are arguably
the most common and important complications after total
thyroidectomy. National studies’™ have indicated that the risk of
permanent postoperative hypoparathyroidism is 5-16 per cent,
depending on definition and diagnosis, or even higher”. A recent
systematic review®, including 45 studies with 23164 patients,
estimated the incidence of temporary hypoparathyroidism to be ICG angiography

29 per cent, and that of permanent hypoparathyroidism to be hypoparathyroidism®®. The introduction of this technique in one
4.1 per cent measured at 6 months after surgery. Analysis of centre was suggested to lower the risk of postoperative
national data has shown that patients treated for permanent hypoparathyroidism on the first day after thyroidectomy™. It
hypoparathyroidism have an increased risk of morbidity” and death®. is not known, however, whether this was due to a general
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modification of surgical technique, whereby a small remnant of
thyroid tissue was left in some patients, or an increased
awareness of complications owing to the introduction of ICG
angiography (Hawthorne effect)™.

A few RCTs have been performed with the use of NIR
autofluorescence™® or NIR autofluorescence and ICG
angiography'®?°. Some of these RCTs were, however, either
single-centre studies'®?° had small patient numbers'®*2° or
lacked a power calculation for the primary outcome'’'°. The
RCT reported by Benmiloud et al.’® was a multicentre study from
three French centres, with a power calculation based on
reduction of postoperative hypocalcaemia (defined as calcium
level below 2.00 mmol/l).

The present multicentre RCT was conducted in four centres in
four European countries. The aim was to investigate whether the
use of autofluorescence to detect the parathyroid glands during
total thyroidectomy reduced the risk of postoperative
hypoparathyroidism, defined by a low level of parathyroid
hormone (PTH) on the day after surgery.

Methods

The study was approved by the local ethical committees of
participating centres (Swedish Ethical Review Authority:
2019-05948; Regional Committees for Medical and Health
Research Ethics, REK sgr-gst D: no. 93484; Bioethics Committee of
Jagiellonian University: 1072.6120.286.2019; Ethical Committee
City of Vienna: EK 21-172-0821). The study was registered with
ClinicalTrials.gov (NCT04509011).

Patients referred to participating departments who could be
included in the study received written and oral information.
Informed written consent was obtained from all study patients.

Inclusion and exclusion criteria

Included in the trial were patients older than 18 years with thyroid
disease scheduled for total thyroidectomy, regardless of the
preoperative diagnosis. Patients were excluded if: they had a
history of thyroid or parathyroid surgery; were scheduled for
concurrent parathyroid surgery; had renal insufficiency; were
pregnant or breast feeding; were allergic to the contrast agent
(iodine); were unable to understand the study information; or
were unable to participate in the planned follow-up programme.

Study outcomes

The primary outcome was the rate of low (below the normal
range) plasma PTH level on the first day after surgery.

There were nine secondary outcomes: postoperative medication
with vitamin D at discharge, defined as medication with active
vitamin =~ D—dihydrotachysterol ~ (Anatomical = Therapeutic
Chemical code (ATC) A11CCO02), alfacalcidol (ATC A11CCO03), or
calcitriol (ATC A11CC04)—owing to postoperative hypocalcaemia,
registered in the Eurocrine® database; postoperative medication
with oral calcium at discharge, defined as medication with oral
calcium—calcium carbonate (A12AA04) and calcium lactate
gluconate (A12AA06)—registered in the Eurocrine® database;
intraoperative identification of parathyroid glands, recorded as
number of glands identified during surgery; autotransplantation
of parathyroid tissue; excision of parathyroid glands, recorded as
number of excised parathyroid glands found in the specimen at
histopathology; duration of surgery (skin to skin); duration
of hospital stay; readmission owing to hypocalcaemia, defined
as any subsequent hospital admission within 30 days for

hypocalcaemia-related symptoms; and medical treatment for
hypoparathyroidism lasting 6 months or longer.

Eurocrine® database

Eurocrine®, a pan-European database and quality register for
endocrine surgery, was used to register the study data. The
database is run by the Eurocrine Society, a not-for-profit
organization based in Vienna (htttp://www.eurocrine.eu). The
study was designed in My Eurocrine, a specific tool used for
observational studies and RCTs within the Eurocrine® database.
Thus, except for core variables in the database, My Eurocrine
was used to add specific study variables, screen for inclusion
and exclusion criteria, and register patient consent. Participants
were randomized automatically either to the intervention or
control group after consent had been registered electronically in
the database. Variables included in the present study are shown
in the supplementary material.

Autofluorescence

For detection of autofluorescence of the parathyroid glands in the
intervention group, Fluobeam® LX (Fluoptics, Grenoble, France)
was used by all participating centres. Instructions and training
in the use of Fluobeam® LX was provided either face to face or
virtually by representatives from Fluoptics. Experience in use of
Fluobeam® LX before commencing the study varied among the
centres from none to several hundred procedures. The use of
angiography with ICG for fluorescence during surgery was at the
discretion of the surgeon. For patients in whom ICG angiography
was used, the degree of ICG fluorescence was scored as
suggested by Fortuny et al.'»*3,

Surgical technique

All patients had surgery with a standard Kocher incision and high
extracapsular dissection of the thyroid gland. After division of the
middle thyroid vein, the thyroid lobe was rotated medially. In the
control group, parathyroid glands were identified and preserved
meticulously whenever possible, but were not searched for, if
not in the immediate operative field. After resection of the
second lobe, the thyroid specimen was evaluated by the naked
eye for any suspected parathyroid tissue.

In the intervention group, Fluobeam® LX was used to identify
spots with autofluorescence; if these were deemed to be of
parathyroid origin, autofluorescence was used to guide the line
of dissection to preserve the vascular supply. Fluobeam® LX was
used to evaluate the resected specimen during the operation. It
was noted whether a parathyroid gland was identified first by
the naked eye or by autofluorescence.

In both groups, autotransplantation of parathyroid tissue was
performed at the discretion of the surgeon, and it was noted
whether this was due to suspected ischaemia of the parathyroid
gland or for anatomical reasons.

Biochemistry

Analysis of total calcium and PTH levels was undertaken at the
local laboratory. For the PTH analysis, three centres used the
Elecsys® PTH STAT, Instrument Cobas e602 (Roche Diagnostics,
Rotkreuz, Switzerland). One participating centre used Abbot
Alinity™ [ Intact PTH CTL (Abbot Park, Illionois, US). Details of
the instruments and assays that were used in the different
centres, normal ranges, and precision of assays are provided in
the supplementary material.
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Follow-up after surgery

Blood was drawn for analysis of PTH and total calcium levels the
day after surgery. After operation, patients were treated for
hypocalcaemic symptoms and biochemistry, and discharged
according to local routine. Similarly, the first follow-up was
carried out according to local routine. The date for follow-up was
registered, as well as medical treatment for hypoparathyroidism
with oral calcium and vitamin D. Levels of total calcium and PTH
were measured. Patients with normal PTH and calcium levels,
and who did not need treatment for hypoparathyroidism, were
not followed further.

Patients treated for hypoparathyroidism were followed until
medical treatment could be terminated or for at least 6 months.
The date of last follow-up, and levels of PTH and calcium at last
follow-up, were registered, as well as any medical treatment for
hypoparathyroidism.

Study considerations

This was a pragmatic study. The surgical procedure, including
autotransplantation of parathyroid tissue as required, and
treatment of biochemical or symptomatic hypocalcaemia, was
undertaken according to local policies, reflecting a variety of
contemporary clinical routines. The four centres that
participated in the study are identified by letters A-D.

Postoperative PTH concentration is known to be the best
predictor of postoperative hypoparathyroidism, with a sensitivity
of 69-100 per cent in predicting hypocalcaemia®’. A low PTH level
(below the reference range) on the first postoperative day, was
chosen as the primary outcome of the investigation. In previous
observational studies®”?, postoperative low PTH levels ranged
between 10 and 20 per cent.

Based on an a of 80 per cent and B of 5 per cent, it was
calculated that 280 patients (140 in each arm) needed to be
included to show a reduction from 15 to 5 per cent for the
primary outcome, low level of PTH on the first postoperative
day. With an expected recruitment of approximately 70 per cent
of eligible patients, and allowing for drop-outs owing to change
of surgical strategy before or during surgery, protocol violations,
and loss to follow-up, at least 400 patients needed to be invited
to participate.

Randomization was performed 1 : 1 in blocks of 10 through the
Eurocrine® platform to either operation with Fluobeam® LX
(intervention group) or surgery without (control group). The
treatment allocation was concealed from the patient; the study
was thus single-blinded.

Study definitions

A low level of PTH was defined as a concentration below the
reference range for the bioassay used as opposed to normal/high
level. Clinically relevant biochemical hypocalcaemia was
defined by a total calcium level below 2.00 mmol/l. Temporary
hypoparathyroidism was defined by the need for treatment with
a vitamin D analogue or oral calcium therapy after surgery to
maintain a normal level of blood calcium, which was
terminated within 6 months. Permanent hypoparathyroidism
was defined by the need for treatment with a vitamin D
analogue or oral calcium therapy for more than 6 months.

Statistical analysis

Statistical analyses were undertaken in accordance with the
protocol. Incorrectly randomized subjects with violation of one
or more entry criteria were excluded from the analysis if the

criterion violated had been measured and documented before
randomization. Patients who had a unilateral procedure on
clinical grounds (mostly owing to suspected intraoperative
nerve injury), were excluded from the analysis, because
these patients by definition had no risk of postoperative
hypoparathyroidism.

The two-sided confirmatory null hypothesis for the primary
endpoint and two-sided exploratory null hypotheses for other
endpoints were analysed in between-group comparisons using
Pearson’s y° test, or Fisher’s exact test if an expected frequency
was lower than 5. The Cochran-Armitage trend test was used to
test trends. Differences in continuous variables between groups
were analysed using Student’s t test.

Estimated relative risks (RRs) are presented with 95 per cent
confidence intervals, unstratified and stratified with Mantel-
Haenszel weighting. Multivariable statistical models were
computed using the proportional hazards model with constant
follow-up and the Huber-White sandwich estimator to estimate
RRs directly’®. The statistical significance level was set at a type
I error rate of 5 per cent. All multiple testing was exploratory
and performed without multiplicity correction. All calculations
were done in Stata® release 17 (StataCorp, College Station, TX,
USA).

Results

The CONSORT diagram for the study is shown in Fig. 1. Patients
were recruited between 10 January 2021 and 31 August 2022.
Follow-up was complete on 28 February 2023. Some 798 patients
were assessed for eligibility for the study, of whom 535 were
randomized. Finally, 486 patients received the allocated
intervention, 246 in the intervention group and 240 in the
control group. The mean(s.d.) age of the patients was 50.8 (15.0)
years and 389 (80.0 per cent) were women.

Table 1 shows preoperative data for the two treatment groups,
and Table S1 shows preoperative data, results for the primary
outcome, and number of surgeons involved in the study for the
four participating centres. In short, the two groups were well
balanced, but the number of included patients differed among
the centres.

Primary outcome

The numbers of patients with low levels of PTH on the first
postoperative day were 64 (26.0 per cent) in the Fluobeam® LX
group and 77 (32.1 per cent) in the control group (P=0.141; RR
0.81, 95 per cent c.i. 0.61 to 1.07) (Table 2).

A subanalysis of the primary outcome showed that the rate of
low PTH levels on the day after surgery was lower among
patients who underwent central lymph node dissection in the
Fluobeam® LX group: 15 of 82 (18.3 per cent) versus 31 of 92
(33.7 per cent) (P=0.021; RR 0.54, 0.31 to 0.93) (Table 3). Among
patients aged 38 years or less, the rate of low PTH levels was
also lower in the Fluobeam® LX group than in controls (RR 0.48,
0.27 to 0.85) (Table 3). There was no difference in rate of low
PTH in relation to indication for surgery, sex, or surgical centre
among the two randomized groups of patients.

The rate of low PTH levels on the first postoperative day for the
total group of patients differed among centres (centre A: 73 of 210
patients (34.8 per cent); centre B: 30 of 82 (36.6 per cent) patients;
centre C: 15 of 36 (41.7 per cent); and centre D: 23 of 158 (14.6 per
cent); P<0.001). Furthermore, although all centres exhibited a
decrease in rates of low PTH for the intervention group
compared with the control group, this was not significant, and
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Assessed for eligibility n = 798

Enrolment

Excluded from study n = 263

Declined to participate n = 55

Not meeting inclusion criteria for the study n = 170*
No total thyroidectomy n = 168
Age 218 years n = 5

Exclusion criteria for the study n = 38*
Breast feedingn = 1
Previous thyroid surgery n = 21
Previous parathyroid surgery n = 1
Concomitant parathyroid surgery n = 3
Renal insufficiency n = 8
Allergy n =2
Inability to understand study information
or participate in follow-up n = 3

A 4

Randomized n = 535

A 4

Allocated to intervention n = 265
Received allocated intervention n = 246
Did not receive allocated intervention n = 19
Withdrew consentn = 1
Unfit for surgery/anaesthetic n = 1
Change to hemithyroidectomy
Clinicaln =4
LOSn=7
Subtotal thyroidectomy n = 1
Protocol violation (fluobeam® LX not used) n = 3
HPT diagnosed before or during operation n = 2

Allocation

A

Lost to follow-up for day 1 n =0
Lost to long-term follow-up n = 1

Follow-up

A 4

Analysis

Analysed for primary outcome n = 246
Analysed for long-term outcome n = 245

Fig. 1 CONSORT diagram for trial

A 4

Allocated to control n = 270
Control treatment according to protocol n = 240
Not treated as control according to protocol
n =230
Withdrew consent n = 3
Declined surgery n =1
Unfit for surgery/anaesthetic n = 3
Change to hemithyroidectomy
Clinicaln =7
LOS n = 7 (fluobeam® LX used in n = 2)
Protocol violation (fluobeam® LX used) n = 6
HPT diagnosed before or during operation n = 3

y

Lost to follow-up for day 1 n =0
Lost to long-term follow-up n =0

A 4

Analysed for primary outcome n = 240
Analysed for long-term outcome n = 240

*A patient could meet several exclusion criteria. LOS, loss of signal during intraoperative nerve monitoring. HPT, hyperparathyroidism.

the impact varied among the centres (Table S2). As the number of
included patients differed among centres (210, 82, 36, and 158 in
centres A-D respectively), a multivariable sensitivity analysis
was performed with inclusion of age, sex, indication for surgery,
central lymph node dissection, duration of operation (as a proxy
for trauma), study centre, and the use of autofluorescence
during surgery. This analysis showed that there was an

influence of study centre (D versus A: HR 0.24, 95 per cent c.i.
0.13 to 0.43), and sex (men: HR 0.62, 0.41 to 0.94), whereas the
risk of a low level of PTH in the intervention group did not reach
significance (HR 0.81, 0.62 to 1.06; P=0.118) (Table S3).

The levels of total calcium on the day after surgery did not
differ between the two patient groups, nor did the rate of
calcium levels below 2.00 mmol/l (Table 2).
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Secondary outcomes

There was no difference between the intervention and control
groups regarding duration of operation, central lymph node
clearance, treatment with intravenous calcium, duration of
hospital stay before discharge, and readmission within 30 days
owing to hypocalcaemia (Table 2). Similarly, there was no
difference between the groups in prescribed oral calcium and
vitamin D medications at discharge. Interestingly, in patients
who underwent central lymph node clearance, oral calcium was
less often prescribed in the intervention group: 17 of 82 (20.7 per
cent) versus 32 of 92 (34.8 per cent) (P=0.040). Similarly, among
patients who had central lymph node dissection, vitamin D was
prescribed at discharge to 13 of 82 patients (15.9 per cent) in the
intervention group compared with 28 of 92 (30.4 per cent) in the

Table 1 Preoperative variables for 486 patients randomized to
the use of autofluorescence to identify parathyroid glands
(intervention) or to control group

Intervention Control
(n=246) (n = 240)
Age (years), mean(s.d.) 50.2(14.0) 51.4(15.9)
Total calcium (mmol/l), mean(s.d.) 2.38(0.08) 2.38(0.08)
Sex ratio (F : M) 200 : 46 189:51
Indication for surgery
Compression 26 (10.6) 26 (10.8)
Exclusion of malignancy 110 (44.7) 89 (37.1)
Malignancy 55 (22.3) 61 (25.4)
Thyrotoxicosis 55 (22.3) 64 (26.7)
Vitamin D supplements 68 (27.6) 80 (33.3)
Oral calcium supplement 7 (2.8) 14 (5.8)
Bisphosphonates 1(0.4) 2(0.8)
Lithium 4 (1.6) 2(0.8)

Values are n (%) unless otherwise indicated.

control group (P=0.024). Oral calcium and vitamin D at
discharge were prescribed less often at centre D (data not shown).

More parathyroid glands were identified during surgery in the
Fluobeam® LX group (P<0.001) (Fig. 2), and, specifically,
parathyroid glands were more likely to be detected in the
surgical specimen during the procedure: 58 of 246 patients (23.6
per cent) in the Fluobeam® LX group compared with 16 of 240
(6.7 per cent) in the control group (P <0.001) (Table 2). Of the 58
parathyroid glands detected in the intervention group, the first
detection was by autofluorescence for 50 glands and by the
naked eye for 8.

Some 86 of 486 patients (17.7 per cent) had autotransplantation of
at least 1 parathyroid gland, 51 of 246 (20.7 per cent) in the
intervention group and 35 of 240 (14.6 per cent) in the control
group (P=0.076) (Table 2). Parathyroid tissue was autotransplanted
into the muscle in all patients. Techniques used in the 86 patients
were injection in 29 (33.7 per cent), and pieces in a single muscle
pocket in 39 (45.3 per cent) or in several muscle pockets in 18
(20.9 per cent).

Conversely, on final histology, more parathyroid glands were
detected in the specimen in the control group: 50 of 240 (20.8
per cent) versus 18 of 245 (7.3 per cent) (data missing for 1
patient) in the Fluobeam® LX group (P < 0.001).

In the subanalysis of 174 patients who had central lymph node
dissection, 6 of 92 (6.5 per cent) in the control group had a
parathyroid gland identified in the surgical specimen during
surgery compared with 28 of 82 (34.1 per cent) in the
intervention group (P<0.001). There was a pronounced
difference in the number of parathyroid glands identified
between the groups, with more than two glands being identified
more often in the intervention group (Fig. S1). Importantly, in
this subgroup, a parathyroid gland was found in the specimen
on histology in 33 of 92 patients (35.9 per cent) in the control

Table 2 Outcome for 486 patients randomized to the use of autofluorescence (intervention) or to control group to identify parathyroid

glands during thyroidectomy

Intervention Control Pt
(n=246) (n=240)

Low level of PTH on day 1 64 (26.0) 77 (32.1) 0.141
Serum calcium on day 1 (mmol/L), mean(s.d.) 2.18 (0.14) 2.18 (0.13) 0.651f
Total calcium < 2.00 mmol/l on day 1 26 (10.6) 229.2) 0.604
No. of parathyroid glands identified <0.001

0 0 1

1 5 11

2 25 53

3 70 98

4 146 77
Intraoperative identification of parathyroid gland in specimen (n = 485) 58 (23.6) 16 (6.7) <0.001
Autotransplantation of parathyroid glands 51 (20.7) 35 (14.6) 0.076
Central lymph node clearance 82 (33.3) 92 (38.3) 0.250
Duration of operation (min) 0.147

<75 73 (29.7) 87 (36.2)

75-120 80 (32.5) 81 (33.8)

>121 93 (37.8) 72 (20.0)
Hypocalcaemia treated with i.v. calcium in hospital 4 (1.6) 3(1.3) 1.00
Oral calcium at discharge 63 (25.6) 66 (27.5) 0.637
Vitamin D at discharge 48 (19.5) 54 (22.5) 0.419
Duration of hospital stay (days), mean(s.d.) (n =476) 2.2(2.1) 2.1(0.9) 0.744%
Readmission within 30 days owing to hypocalcaemia 5 (2.0) 3(1.3) 0.724
Parathyroid gland identified in specimen on histology (n = 485) 18 (7.3) 50 (20.8) <0.001
Treated for hypoparathyroidism at any time after surgery 79 (32.1) 78 (32.5) 0.927
Permanent (> 6 months) medically treated hypoparathyroidism 6 (2.4)" 10 (4.2) 0.290

Values are n (%) unless otherwise indicated. *Based on 245 patients; 1 was lost to follow-up. PTH, parathyroid hormone; i.v., intravenous. tPearson’s y? test or Fisher's

exact test, except tStudent’s t test.
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Table 3 Subanalysis of 141 patients with a low parathyroid hormone level on the day after thyroidectomy
Proportion of patients with low PTH level among total P*
cohort
Intervention Control

Sex

M 7 of 46 (15.2) 13 of 51 (25.5) 0.212

F 57 of 200 (28.5) 64 of 189 (33.9) 0.254
Age (years)

<38 12 of 56 (21.4) 28 of 63 (44.4) 0.008

39-51 15 of 67 (22.4) 16 of 51 (31.4) 0.272

52-61 9 0f 72 (26.4) 12 of 51 (23.5) 0.719

> 62 18 of 51 (35.3) 21 of 75 (28.0) 0.385
Preoperative indication for surgery

Compression 4 of 26 (15.4) 8 of 26 (30.7) 0.188

Exclusion of malignancy 34 of 110 (30.1) 26 0f 89 (29.2) 0.796

Malignancy 13 of 55 (23.6) 210f 61 (34.4) 0.202

Thyrotoxicosis 350f 119 (29.4) 22 of 64 (34.4) 0.200
Central lymph node dissection

Yes 15 of 82 (18.3) 310f 92 (33.7) 0.021

No 19 of 164 (29.9) 46 of 148 (31.1) 0.818
Surgical centre

A 37 of 108 (34.3) 36 of 102 (35.3) 0.875

B 12 of 43 (27.9) 18 of 39 (46.2) 0.087

C 7 of 19 (36.8) 8 of 17 (47.1) 0.535

D 8 of 76 (10.5) 15 of 82 (18.3) 0.167

Values are n (%) unless otherwise indicated. PTH, parathyroid hormone. *Pearson’s 4 test or Fisher's exact test.

100 -

80

60 |-

% of patients

20

No. of parathyroid glands indentified
mo
m1
W2
m3
m4

Control Intervention

Fig. 2 Number of parathyroid glands identified in control and intervention groups expressed as a percentage of patients

group compared with only 4 of 82 (4.9 per cent) in the intervention
group (data missing for 1 patient) (P <0.001).

Some 157 patients (32.3 per cent) were treated for
hypoparathyroidism at some point after operation, 79 of 246
(32.1 per cent) in the intervention group (1 patient was lost to
follow-up) and 78 of 240 (32.5 per cent) in the control group
(P=0.927).

Of the 157 patients treated for postoperative hypoparathyroidism,
104 (66.2 per cent) had a low level of PTH, and 53 had a normal or high
PTH level on postoperative day 1. Conversely, of the 329 patients not
treated for hypoparathyroidism, 37 (11.3 per cent) had a low PTH
level, and 292 had a normal or high PTH level. The sensitivity and
specificity for a low level of PTH to predict postoperative treatment

of hypoparathyroidism at any time after surgery was 66.2 and 88.8
per centrespectively. The positive predictive value was 73.8 per cent.

One of the patients treated for hypoparathyroidism, who had
been randomized to the intervention group, refused long-term
follow-up. All other patients received regular follow-up
examinations, with clinical and biochemical evaluation including
analysis of calcium and PTH levels. Medical treatment could be
terminated within 6 months in 140 of the 156 patients (89.7 per
cent) who were followed up according to protocol, and these
patients were classified as having temporary hypoparathyroidism.
Medical treatment was terminated in 72 of 78 patients in the
intervention group (92.3 per cent) and 68 of 78 (87.2 per cent) in
the control group.
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Table 4 Data for 16 patients treated for hypoparathyroidism for 6
months or more after total thyroidectomy

No. of patients* (n = 16)

Age (years), mean(s.d.) 47.6(18.4)
Sex ratio (F : M) 11:5
No. in control group 10
Calcium < 2.00 mmol/l on day 1 8
Low PTH on day 1 16
Oral calcium at discharge 13
Vitamin D at discharge 13
Low PTH at last follow-up 8
Calcium < 2.15 mmol/] at last follow-up 10

“Unless indicated otherwise. PTH, parathyroid hormone.

Some 16 patients were treated for hypoparathyroidism for at
least 6 months, and thus defined as having permanent
hypoparathyroidism according to the study protocol: 6 of 245
(2.4 per cent) in the intervention group and 10 of 240 (4.2 per
cent) in the control group (P=0.290). Data for these patients
are summarized in Table 4. They all had a low level of PTH on
postoperative day 1 and half had a calcium value below
2.00 mmol/l. The sensitivity and specificity for a low PTH value
to predict permanent hypoparathyroidism was 100 and
73.6 per cent respectively. The positive predictive value was
11.4 per cent.

Anglography with ICG for fluorescence during surgery was used
in only four patients. Two of these had a low level of PTH on the
first day after surgery, and two were treated temporarily for
postoperative hypoparathyroidism.

Discussion

The main result of this RCT, which compared the use of
Fluobeam® LX autofluorescence to detect parathyroid glands
during total thyroidectomy with a control group without
monitoring of autofluorescence, was that the risk of low levels
of PTH on the first day after operation did not differ between
groups (26.0 versus 32.1 per cent respectively; P=0.141; RR 0.81,
95 per cent c.i. 0.61 to 1.07). There was no difference in the rate
of low levels of calcium (below 2.00 mmol/l) on the first
postoperative day, nor in the rate of treatment with intravenous
calcium during the hospital stay.

A subanalysis showed that the use of autofluorescence was,
however, beneficial in patients who underwent central lymph
node clearance; the rate of low levels of PTH on the first
postoperative day was 8.3 per cent in the intervention group
compared with 33.7 per cent in the control group (P=0.021; RR
0.54, 0.31 to 0.93). Interestingly, in patients who had central
lymph node clearance, oral calcium and vitamin D were less
often prescribed at discharge in the intervention group than in
the control group.

More parathyroid glands were detected during operation in the
intervention group compared with the control group, including in
the surgical specimen. Most glands in the specimen were detected
by autofluorescence in the intervention group. In the intervention
group, autotransplantation was performed in 51 of 286 patients
(20.7 per cent) compared with 35 of 240 (14.6 per cent) in the
control group (P=0.076). Conversely, more parathyroid glands
were detected in the control group on final histology. In
agreement with the result of the subanalysis for the primary
outcome, this result was even more pronounced in patients who
underwent central lymph node dissection.

Because there was a difference in included patients, and in the
rate of low PTH levels on the first postoperative day, between
participating centres (Table S1), a sensitivity analysis was
performed by including the use of autofluorescence, age, sex,
indication for surgery, central lymph node dissection, duration
of operation, and centre. This analysis confirmed the association
between low PTH level and centre, whereas the HR for
intervention group was 0.793 (95 per cent c.i. 0.607 to 1.036)
(Table S3). The reason for the reduced risk of a low PTH level at
centre D is not known. Although speculative, there may be an
influence of surgical technique or surgeon volume, because only
2 surgeons performed all 158 operations at centre D (Table S3).

Some 157 patients were treated after surgery for
hypoparathyroidism, 31.1 per cent in the intervention group and
32.5 per cent in the control group (P=0.927). These patients
were followed, including analysis of PTH and calcium levels,
and the vast majority in both groups recovered. Sixteen
patients, 6 (2.4 per cent) in the intervention group and 10 (4.2
per cent) in the control group (P=0.290), were still being treated
for hypoparathyroidism after 6 months, which in this study was
defined as having permanent hypoparathyroidism. All these
patients had a low level of PTH on day 1 after surgery.

These results are only partly in agreement with those of a
multicentre study by Benmiloud et al.*®. In the previous study,
which had rate of calcium below 2.00 mmol/l on postoperative
day 1 or 2 as its primary outcome, the rate of low calcium
differed between the two groups (9.1 per cent in the intervention
group versus 21.7 per cent in the control group). In the present
study, the rate of calcium below 2.00 mmol/l was 10.6 per cent in
the intervention group versus 9.2 per cent in the control group on
the first postoperative day. Similarly, three other single-centres
RCTs'®1% did not find a difference in postoperative calcium
values on postoperative day 1. The discrepancy between the
present results and those of Benmiloud et al.*®, is not clear,
because the inclusion criteria for patients in both studies were
quite similar. A possible explanation is that, for uniformity,
sampling for calcium and PTH was undertaken on the day after
surgery in the present study because many patients are
discharged on the first postoperative day. Another explanation is
that, in the study by Benmiloud et al.*®, 81 per cent of the patients
were operated at one of the three French participating centres,
whereas the present pragmatic study involved multiple centres
and surgeons in several countries.

Postoperative calcium levels depend on several factors, including
preoperative calcium level, the level of 25-hydroxyvitamin D,
thyrotoxicosis®, and longer duration of operation®’. Additionally,
any self-medication with vitamin D and calcium supplements
may act as confounders.

A low PTH level on the first postoperative day was chosen as
primary outcome in the present study because postoperative PTH
concentration is considered the earliest and most sensitive
predictor of postoperative hypoparathyroidism®®?°. Postoperative
measurement seems to be more sensitive than intraoperative
measurement. Different time points for PTH measurement have
been used within the first 24 h after surgery, with no significant
difference between them, and with a sensitivity of almost 90 per
cent and a specificity above 95 per cent®. Furthermore, the lower
limit of the PTH assay leads to a high sensitivity and specificity
for predicting hypoparathyroidism®. In the present study, the
sensitivity of a low level of PTH in predicting medical treatment
for hypoparathyroidism was moderate (just below 70 per cent),
albeit with a high sensitivity (almost 90 per cent). Conversely, for
treatment of hypoparathyroidism after 6 months, the sensitivity
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was 100 per cent, but with a modest specificity of approximately 75
per cent. The reason for the lower sensitivity in predicting
postoperative medical treatment of hypoparathyroidism is not
known, but the main factor could be that this was a pragmatic
multicentre study in which treatment for hypoparathyroidism
was according to local routine.

It may be argued that the measured PTH level should be
evaluated in the context of the measured calcium level; that is, a
patient could present with hypoparathyroidism with a normal
PTH level. There is, however, no firm accepted definition of an
inappropriately low PTH level in the face of hypocalcaemia.

In the present study, the difference in the rate of low PTH on the
first postoperative day between the intervention and control
groups failed to reach statistical significance. Broadly in
agreement, there was also no difference in PTH levels on the day
after surgery between the intervention and control groups in
other RCTs™ ™/, A subanalysis of patients undergoing central
lymph node dissection, however, showed an almost halved rate
of low levels of PTH on postoperative day 1 in the intervention
group. This seems logical given the well known problem in
identifying and protecting the parathyroid glands during
clearance in the central compartment, not only of malignant
nodes but also as part of a prophylactic lymph node dissection®*.

The power calculation for the primary outcome in this study was
based on the results from observational studies®” >, The present
results showed that the rate of low levels of PTH on postoperative
day 1 was clearly underestimated (26.0 and 32.1 per cent in the
intervention and control groups respectively). To show a
difference at the 5 per cent level with 80 per cent power,
approximately 1800 patients would need to be randomized. This
would be a big task, although not impossible. Furthermore, the
rate differed between 14.6 and 41.7 per cent among the centres. A
sensitivity analysis including age, sex, use of autofluorescence,
indication for surgery, central lymph node dissection, duration of
operation, and study site confirmed the influence of the
individual centre. Thus, to evaluate the impact of
autofluorescence in detecting parathyroid glands on the risk of
hypoparathyroidism, multicentre studies are clearly needed,
preferably RCTs; alternatively, prospective observational studies
involving large numbers of patients, from a variety of
departments, are required.

In agreement with previous studies ™, more parathyroid glands
were identified during surgery in the intervention group than in the
control group. Inadvertent excision of parathyroid glands was
reported more often by the pathologist on final histology in the
control group, also in agreement with Benmiloudet et al.™® and
Rossi et al.®. Bellier et al®? showed that the frequency of
inadvertent excision of parathyroid glands with the help of
autofluorescence was reduced to 6.5 per cent, almost the same as
in the present study. This should logically lead to a higher rate of
autotransplantation in the autofluorescence group. Although the
rate of autotransplantation of parathyroid tissue was 20.7 per cent
in the intervention group compared with 14.6 per cent in the
control group, the difference did not reach statistical significance
(P=0.076). The reason for the discrepancy between parathyroid
glands identified during surgery and number of glands
transplanted in the intervention group is not known. One
explanation could be the intraoperative uncertainty of the
histology of glands identified by autofluorescence, which could be
especially of concern during operations for thyroid cancer.
However, one study>” suggested that, by using magnifying glasses,
the surgeon may be able to differentiate autofluorescence of
parathyroid origin from autofluorescence exhibited by other tissues.

15,19

There was no difference in the number of patients treated for
hypoparathyroidism after surgery between the two groups (32.1
per cent in intervention group and 32.5 per cent in control
group). The decision to treat hypoparathyroidism was based on
local hospital guidelines, which indeed may have differed
considerably. The patients were, however, followed clinically
and with measurement of calcium and PTH levels until these
normalized, although one patient refused follow-up. In most
patients, medical treatment of hypoparathyroidism could be
terminated. Some 16 patients were still being treated for
hypoparathyroidism after 6 months, 6 (2.4 per cent) in the
intervention group and 10 (4.2 per cent) in the control group.
The 6-month threshold is well established; however, it is known
that some patients may recover beyond that time point®?
although, importantly, the secretory reserve of the parathyroid
glands in such patients is not known.

This RCT was performed at the time of the COVID-19 pandemic,
which proved be very challenging. The epidemiological situation
with restrictions for patients and hospitals, including lockdowns,
travel restrictions, and restrictions on the types of operation
performed, varied greatly over time and among countries and
centres. Delay in delivery of the Fluobeam® LX equipment meant
that the study started at different times in the participating
centres. Hence, the number of patients varied considerably
between centres, although there was no indication that this
influenced the combined results (Table S1). Furthermore, local
restrictions over time meant that it was extremely difficult to
predict how many patients needed to be randomized to be able to
accrue a certain number of operations. There was a considerable
risk of an increased drop-out rate owing to the waiting time for
surgery. Finally, as the pandemic subsided, more patients than
anticipated were included in the study.

The number of surgeons involved varied between the centres,
but this probably did not influence the combined results.
Furthermore, experience with the Fluobeam® LX device had no
clear correlation with outcome.

In the context of these limitations, it can be concluded that the
use of autofluorescence of the parathyroid gland, here employing
Fluobeam® LX, did not decrease the risk of a low level of PTH
for the whole patient group, but decreased the risk among
patients who underwent central lymph node dissection.
Autofluorescence enabled more parathyroid glands to be
identified during surgery and fewer parathyroid glands to be
excised inadvertently, which is a very important benefit of the
technique. The potential added value of angiography for ICG
fluorescence needs to be investigated further as this was used in
only four patients in the present study but has been suggested
to be a valuable adjunct™.

Funding

The study was funded by Region Sk&ne Regional Funds for Clinical
Research.

Acknowledgements

The authors acknowledge support for the study from Fluoptics
(Grenoble, France), which provided the Fluobeam® LX equipment
free of charge for three of the centres. One centre had purchased
the equipment before the study. The sponsor was not involved in
the design or conduct of the study, data analysis, writing of the
manuscript or conclusions drawn from the results. The
Eurocrine® database is supported by unrestricted grants from the

y20z Aienige4 sz uo Jasn Aselqi] usbiag 10 Ausiaaiun Aq 00SY8Z.L/vZ81L/ZLI01 L/a1onte/slg/woo dno-olwspese//:sdny wolj papeojumoq


http://academic.oup.com/bjs/article-lookup/doi/10.1093/bjs/znad278#supplementary-data

1832 | BJS, 2023, Vol. 110, No. 12

European Society of Endocrine Surgeons and from Medtronic. The
authors are grateful to J. Ranstam, Lund University, for statistical
evaluation and advice.

Author contributions

Anders Bergenfelz (Conceptualization, Data curation, Formal
analysis, Funding acquisition, Investigation, Methodology, Project
administration, Resources, Software, Supervision, Validation,
Visualization, Writing—original draft, Writing—review & editing),
Marcin Barczynski (Conceptualization, Data curation, Formal
analysis, Investigation, Methodology, Supervision, Validation,
Writing—review & editing), Anette Heie (Conceptualization, Data
curation, Formal analysis, Investigation, Methodology,
Supervision, Validation, Writing—review & editing), Andreas
Muth (Conceptualization, Data curation, Formal analysis,
Investigation, Methodology, Validation, Writing—review &
editing), Christian Passler (Conceptualization, Data curation,
Investigation, Methodology, Supervision, Validation, Writing—
review & editing), Max Schneider (Conceptualization, Data
curation, Investigation, Methodology, Validation, Writing—review
& editing), Paulina Wierzbicka (Data curation, Investigation,
Methodology, Validation, Writing—review & editing), A. Konturek
(Conceptualization, Data curation, Investigation, Methodology,
Validation, Writing—review & editing), Katrin Brauckhoff
(Conceptualization, Data curation, Investigation, Methodology,
Project administration, Validation, Writing—review & editing),
Anna-Karin Elf (Conceptualization, Data curation, Investigation,
Methodology, Project administration, Validation, Writing—review
& editing), Jakob Dahlberg (Data curation, Investigation,
Methodology, Validation, Writing—review & editing), and Michael
Hermann (Conceptualization, Data curation, Investigation,
Methodology, Validation, Writing—review & editing)

Disclosure

The authors declare no conflict of interest.

Supplementary material

Supplementary material is available at BJS online.

Data availability

Data are available for non-commercial researchers by application
to the corresponding author.

References

1. Bergenfelz A, Jansson S, Kristoffersson A, Martensson H, Reihnér
E, Wallin G et al. Complications to thyroid surgery: results as
reported in a database from a multicenter audit comprising
3660 patients. Langenbecks Arch Surg 2008;393:667-673

2. Annebdck M, HedbergJ, Almquist M, Stélberg P, Norlén O. Risk
of permanent hypoparathyroidism after total thyroidectomy
for benign disease: a nationwide population-based cohort
study from Sweden. Ann Surg 2021;274:1202-1208

3. DiezJJ, AndaE, Sastre], Pérez Corral B, Alvarez-Escola C, Manjén
L et al. Prevalence and risk factors for hypoparathyroidism
following total thyroidectomy in Spain: a multicentric and
nation-wide retrospective analysis. Endocrine 2019;66:405-415

10.

11.

12.

13.

14.

15.

16.

17.

18.

Powers J, Joy K, Ruscio A, Lagast H. Prevalence, and incidence of
hypoparathyroidism in the United States using a large claims
database. ] Bone Miner Res 2013;28:2570-2576

Takahashi T, Yamazaki K, Shodo R, Ueki Y, Horii A. Actual
prevalence of hypoparathyroidism after total thyroidectomy: a
health insurance claims-database study. Endocrine 2022;78:
151-158

Koimtzis GD, Stefanopoulos L, Giannoulis K, Papavramidis TS.
What are the real rates of temporary hypoparathyroidism
following thyroidectomy? It is a matter of definition: a
systematic review. Endocrine 2021;73:1-7

Bergenfelz A, Nordenstrém E, Almquist M. Morbidity in patients
with permanent hypoparathyroidism after total thyroidectomy.
Surgery 2020;167:124-128

Almaquist M, Ivarsson K, Nordenstrom E, Bergenfelz A. Mortality
in patients with permanent hypoparathyroidism after total
thyroidectomy. BrJ Surg 2018;105:1313-1318

Paras C, Keller M, White L, Phay J, Mahadevan-jansen A.
Near-infrared autofluorescence for the detection of
parathyroid glands. ] Biomed Opt 2011;16:067012

McWade MA, Paras C, White LM, Phay JE, Solérzano CC, Broome
JT et al. Label-free intraoperative parathyroid localization with
near-infrared autofluorescence imaging. J Clin Endocrinol Metab
2014;99:4574-4580

Vidal Fortuny J, Belfontali V, Sadowski SM, Karenovics W,
Guigard S, Triponez F. Parathyroid gland angiography with
indocyanine green fluorescence to predict parathyroid
function after thyroid surgery. Br J Surg 2016;103:537-543
Demarchi MS, Flaris AN, Fortuny JV, Bedat B, Karenovics W,
Triponez F. Effect of introduction of indocyanine green
angiography of parathyroid glands on postoperative
hypoparathyroidism after total thyroidectomy. BJS Open 2022;
6:2rac059

Vidal Fortuny J, Sadowski SM, Belfontali V, Guigard S, Poncet A,
Ris F et al. Randomized clinical trial of intraoperative
parathyroid gland angiography with indocyanine green
fluorescence predicting parathyroid function after thyroid
surgery. BrJ Surg 2018;105:350-357

Demarchi MS, Baccaro M, Karenovics W, Bédat B, Triponez F. Is
the indocyanine green score an accurate predictor of
postoperative parathyroid hormone level? Surgery 2022;171:
1526-1534

Benmiloud F, Godiris-Petit G, Gras R, Gillot JC, Turrin N,
Penaranda G et al. Association of autofluorescence-based
detection of the parathyroid glands during total
thyroidectomy with postoperative hypocalcemia risk: results
of the PARAFLUO multicenter randomized clinical trial. JAMA
Surg 2020;155:106-112

Wendelin Wolf H, Runkel N, Limberger K, Nebiker CA. Near
infrared autofluorescence of the parathyroid glands during
thyroidectomy for the prevention of hypoparathyroidism: a
prospective randomized clinical trial. Langenbecks Arch Surg
2022;407:3031-3038

Papavramidis TS, Chorti A, Tzikos G, Anagnostis P, Pantelidis P,
Pliakos I et al. The effect of intraoperative autofluorescence
monitoring on unintentional parathyroid gland excision rates
and postoperative PTH concentrations—a single-blind
randomized-controlled trial. Endocrine 2021;72:546-552

Dip F, Falco J, Verna S, Prunello M, Loccisano M, Quadri P et al.
Randomized controlled trial comparing white light with
near-infrared autofluorescence for parathyroid gland
identification during total thyroidectomy. ] Am Coll Surg 2019;
228:744-751

y20z Aienige4 sz uo Jasn Aselqi] usbiag 10 Ausiaaiun Aq 00SY8Z.L/vZ81L/ZLI01 L/a1onte/slg/woo dno-olwspese//:sdny wolj papeojumoq


http://academic.oup.com/bjs/article-lookup/doi/10.1093/bjs/znad278#supplementary-data

Bergenfelzetal. | 1833

19.

20.

21.

22.

23.

24.

25.

26.

Rossi L, Vasquez MC, Pieroni E, Ambrosini CE, Miccoli M, Cetani
F et al. Indocyanine green fluorescence and near infrared
autofluorescence may improve post-thyroidectomy
parathyroid function. Surgery 2023;173:124-131

Yin S, Pan B, Yang Z, Tang M, Mo H, Li Y et al. Combined use of
autofluorescence and indocyanine green fluorescence imaging
in the identification and evaluation of parathyroid glands
during total thyroidectomy: a randomized controlled trial.
Front Endocrinol (Lausanne) 2022;13:897797

Edafe O, Antakia R, Laskar N, Uttley L, Balasubramanian SP.
Systematic review, and meta-analysis of predictors of
post-thyroidectomy hypocalcaemia. Br] Surg 2014;101:307-320
De Pasquale L, Sartori PV, Vicentini L, Beretta E, Boniardi M,
Leopaldi E et al. Necessity of therapy for post-thyroidectomy
hypocalcaemia: a multi-centre experience. Langenbecks Arch
Surg 2015;400:319-324

Ritter K, Elfenbein D, Schneider DF, Chen H, Sippel RS.
Hypoparathyroidism after total thyroidectomy: incidence and
resolution. J Surg Res 2015;197:348-353

DiMarco A, Chotalia R, Bloxham R, McIntyre C, Tolley N, Palazzo
FF. Does fluoroscopy prevent inadvertent parathyroidectomy in
thyroid surgery? R Coll Surg Engl 2019;101:508-513

Almquist M, Hallgrimsson P, Nordenstrém E, Bergenfelz A.
Prediction of permanent hypoparathyroidism after total
thyroidectomy. World J Surg 2014;38:2613-2620

Xie W, Zheng F. Robust Cox regression as an alternative method
to estimate adjusted relative risk in prospective studies with
common outcomes. Int J Stat Med Res 2016;5:231-239

27.

28.

29.

30.

31

32.

33.

Hallgrimsson P, Nordenstrém E, Almquist M, Bergenfelz AO.
Risk factors for medically treated hypocalcemia after surgery
for Graves' disease: a Swedish multicenter study of 1157
patients. World J Surg 2012;36:1933-1942

Cayo AK, Yen TW, Misustin SM, Wall K, Wilson SD, Evans
DB et al. Predicting the need for calcium and calcitriol
supplementation after total thyroidectomy: results of
a prospective, randomized study. Surgery 2012;152:
1059-1067

Lindblom P, Westerdahl J, Bergenfelz A. Low parathyroid
hormone levels after thyroid surgery: a feasible predictor of
hypocalcemia. Surgery 2002;131:515-520

Nagel K, Hendricks A, Lenschow C, Meir M, Hahner S, Fassnacht
M et al. Definition and diagnosis of postsurgical
hypoparathyroidism after thyroid surgery: meta-analysis. BJS
Open 2022;6:zrac102

Salem FA, Bergenfelz A, Nordenstrom E, Almquist M. Central
lymph node dissection and permanent hypoparathyroidism
after total thyroidectomy for papillary thyroid cancer:
population-based study. BrJ Surg 2021;108:684-690

Bellier A, Wazne Y, Chollier T, Sturm N, Chaffanjon P. Spare
parathyroid glands during thyroid surgery with perioperative
autofluorescence imaging: a diagnostic study. World J Surg
2021;45:2785-2790

Arshad MF, Dhami A, Quarrell G, Balasubramanian SP.
Parathyroid hormone of >1.6 pmol/l at 6 months is associated
with recovery in ‘long-term’ post-surgical hypoparathyroidism.
Eur Thyroid ] 2022;11:€210130

y20z Aienige4 sz uo Jasn Aselqi] usbiag 10 Ausiaaiun Aq 00SY8Z.L/vZ81L/ZLI01 L/a1onte/slg/woo dno-olwspese//:sdny wolj papeojumoq



	Impact of autofluorescence for detection of parathyroid glands during thyroidectomy on postoperative parathyroid hormone levels: parallel multicentre randomized clinical trial
	Introduction
	Methods
	Inclusion and exclusion criteria
	Study outcomes
	Eurocrine® database
	Autofluorescence
	Surgical technique
	Biochemistry
	Follow-up after surgery
	Study considerations
	Study definitions
	Statistical analysis

	Results
	Primary outcome
	Secondary outcomes

	Discussion
	Funding
	Acknowledgements
	Author contributions
	Disclosure
	Supplementary material
	Data availability
	References




