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Our purpose was to assess response after ablation of thyroid remnants
(ATR) with radioactive iodine therapy in patients with unstable Graves’
orbitopathy (GO) after subtotal thyroidectomy.Methods: Thirty patients
with mild (n 5 4, 13%), moderate-to-severe (n 5 25, 83%), or very
severe GO (n 5 1, 3%) were analyzed in this retrospective study. The
primary endpoint was the improvement of GO-related symptoms as
assessed by clinical activity scores, NOSPECS, and soft-tissue inflam-
mation scores at 3 and 12 mo after ATR. Ablation success was defined
by a decrease in 99mTc uptake on thyroid scintigraphy, remnant vol-
ume, and thyrotropin receptor antibody levels at 3 mo after ATR.
Results: Twelve months after ATR, clinical activity scores, NOSPECS,
and soft-tissue inflammation scores showed a significant decrease
from 3.4 to 1.3 (P, 0.0001), 5.9 to 4.9 (P5 0.007), and 4.7 to 2.1 (P5

0.0001), respectively. The GO was inactive in 27 of the 30 (90%)
patients after 3 mo and in 29 (97%) after 12 mo. No new activation of
GO occurred. Remnant volume (1.4 vs. 0.4 cm3, P 5 ,0.0001), mean
thyrotropin receptor antibody level titer (19.02 vs. 13.37 IU/L, P ,

0.0001), and 99mTc uptake (0.5% vs. 0.1%; n 5 12; P 5 0.04)
decreased significantly until 3 mo after ATR. Discussion: Radioactive
iodine therapy after thyroidectomy can successfully ablate residual thy-
roid remnants, leading to an improvement in GO, a reduction in inflam-
matory activity, and stabilization of thyroid function. Thus, scintigraphy
should be considered for patients with unstable GO after thyroidectomy
to rule out thyroid remnants.
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Graves’ orbitopathy (GO), the most common extrathyroidal man-
ifestation of Graves’ disease, is a disorder of autoimmune origin. Typi-
cally, patients show symptoms of inflammation of the orbital soft
tissues, inflammation-triggered fibrosis of the ocular muscles, and adi-
pogenesis (1–3). Autoantibodies against the thyroid-stimulating hor-
mone (TSH) receptor mediate these changes, which stimulate the
receptors on orbital fibroblasts. In conjunction with the induction of
crosstalk with insulinlike growth factor 1 receptors, this stimulation
leads to a cascade of inflammatory conditions (4). Antibodies and au-
toimmune T cells stimulate orbital fibroblasts to release inflammatory

cytokines to produce hyaluronic acid and to differentiate into adipo-
cytes and myofibroblasts (5–9). Consequently, patients experience
signs of inflammation (pain, swelling), diplopia (due to fibrosis of
the extraocular muscles), and proptosis (due to adipogenesis),
which have a serious impact on quality of life (10,11). Most
severely afflicted GO patients can have vision loss due to optic
nerve compression (12). Despite recent advances in targeted ther-
apy, there is none available in Europe yet. Therefore, current treat-
ment can often reduce symptoms but not prevent the need for
rehabilitative surgery (13–16). Management of GO comprises 2
main therapeutic principles: antiinflammatory treatment and reduc-
tion of risk factors for deterioration. According to the EUGOGO
(European Group on Graves’ Orbitopathy) 2021 guideline, patients
with moderate-to-severe GO are treated with immunosuppression
by intravenous glucocorticoids alone or in combination with myco-
phenolate sodium (17). The aim of this antiinflammatory therapy is
to temper inflammation and prevent further deterioration. Poor con-
trol of thyroid function and high TSH receptor antibody levels can
lead to development of new GO or worsening of preexisting GO
(18–21). Consequently, rapid achievement of euthyroidism is cru-
cial (8,17,20–22). Hyperthyroidism is treated primarily with anti-
thyroid drugs. Definitive treatment with radioactive iodine ablation
or thyroidectomy is performed in cases of relapse or poor thyroid
control despite antithyroid drug treatment (13,17,23). The status of
GO has an impact on the choice of procedure; thyroidectomy is
recommended in the presence of active GO stages, though radioac-
tive iodine might be used with sufficient corticosteroid prophylaxis
(17,23,24). Near-total thyroidectomy is performed on patients with
Graves’ disease in some cases, even minimally invasively with
video assistance (25). Small remnants are left to preserve the recur-
rent laryngeal nerve. Scintigraphy is not always performed (26).
Therefore, ectopic thyroid tissue is sometimes left behind. There is
evidence that larger thyroid residues are associated with poorer
control of thyroid function, ongoing GO activity, and persistent
thyrotropin receptor antibody (TRAb) levels (27,28). In accor-
dance, several studies have shown a higher rate of stable GO and
inactivated GO if thyroidectomy is combined with postoperative
radioactive iodine therapy (total ablation) (29–31). This beneficial
role might be due to complete thyroid-antigen removal, which is
associated with a reduction in antigenic stimulation, a drop in anti-
body levels and cell-mediated immunoreactivity to TSH receptor,
and improvement in GO (31,32). To evaluate the benefit of ablation
of a significant thyroid remnant in patients with unstable GO and
persistent unstable thyroid function in terms of GO activity and
severity, we performed an interdisciplinary retrospective study at
our tertiary GO referral center.
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MATERIALS AND METHODS

Study Population
We searched the institutional database of our EUGOGO tertiary

referral center from January 2005 until October 2020 (n 5 4,641) for
patients who underwent ablation of thyroid remnants (ATR) for persis-
tent or worsening GO and thyroid dysfunction after subtotal thyroidec-
tomy. Only patients with active GO at baseline, comprehensive eye
and thyroid examinations before ATR and 3 and 12 mo afterward, ele-
vated TRAb, and significant uptake on baseline thyroid scintigraphy
were included. This retrospective study was performed in accordance
with the Declaration of Helsinki and was approved by the Ethics Com-
mission of the University of Essen (reference number 17-7542-BO).

Outcome Measures
Primary outcome measures were an improvement in GO-related symp-

toms as assessed by clinical activity score (CAS), modified NOSPECS
score (where N 5 no symptoms or signs, O 5 only signs, S 5 soft-
tissue involvement, P 5 proptosis, E 5 extraocular muscle involvement,
C 5 corneal involvement, and S 5 sight loss due to optic nerve com-
pression) (33), and soft-tissue score at 3 and 12 mo after ATR (17).

For this study, a successful ablation was defined as decreases in
TRAb, 99mTc uptake, and ultrasound-derived thyroid volume, as well
as an increase in levothyroxine dose at 3 mo after ATR.

Clinical Assessment
Eye examinations were performed using a modified EUGOGO case

record form and color atlas in a standardized manner (34). All patients
were evaluated by a highly trained orthoptist and by 1 of 2 specialized
ophthalmologists. Follow-up examinations were done by the same
ophthalmologist at 3 and 12 mo after ATR to ensure homogeneity and
reproducibility. GO was diagnosed by the presence of typical clinical
signs on examination, including slit-lamp biomicroscopy, applanation
tonometry, funduscopy, Hertel exophthalmometry, assessment of sub-
jective diplopia, and objective measurement of deviation using the
prism cover test and measurement of monocular excursions. GO activ-
ity was evaluated using the CAS classification system established by
Mourits et al. (35,36). By analysis of personal photos of the patients
and patient history concerning double vision and visual acuity, we
determined the dynamic of the disease and scored CAS on a scale of
up to 10 points at baseline. GO was classified as active if the CAS
value was at least 4/10 points. Additionally, the severity of GO (modi-
fied NOSPECS) was classified according to the proposed criteria of
the EUGOGO, as previously described (33,37). A maximum of 14
NOSPECS points was possible, with no signs of GO classified as
0 points. In addition, we scored the soft-tissue inflammation signs
derived from CAS more gradually as follows: spontaneous retrobulbar
pain (0–1), upper lid edema (0–2), lower lid edema (0–2), conjunctival
injection (0–1), chemosis (0–1), lid redness (0–1), and swelling of the
caruncle or plica (0–1). The sum builds the clinical soft-tissue score.

Thyroid examinations were performed or supervised by a board-
certified nuclear medicine physician at baseline and 3 mo after
radioactive iodine therapy. The examinations included patient history,
ultrasound, and a thyroid panel including thyroid hormones and TRAb
in all patients. Follow-up 99mTc-pertechnetate thyroid scintigraphy of
residual thyroid gland tissue was performed for a subgroup (n 5 12).

Radioiodine ATR
The 131I activity was determined with the aim of delivering an

absorbed dose of 500 Gy to the thyroid remnants. To this end, 2 differ-
ent methodologies were used.

In 17 of the 30 patients, a radioactive iodine uptake (RAIU) test
was performed, and the treatment activity was calculated using the for-
mula of Musholt et al. (38). If the target dose could be achieved only
by use of excessive administered activity (i.e., considerably higher than

500 MBq), 0.09 mg of recombinant human TSH (rhTSH) were adminis-
tered on each of the 2 d leading up to ATR. This was the case in 8 of 17
patients with an RAIU deemed insufficient (median, 192 h; uptake, 1.6%
vs. 7.4% in those who did not receive rhTSH). This approach was fa-
vored in mainly later years and in patients with larger thyroid remnants.

In 13 of the 30 patients, rhTSH was administered as described
above, and 99mTc-pertechnetate thyroid scintigraphy performed on the
day of the second injection. If the 99mTc uptake was deemed sufficient
by the treating physician, the administered dose was calculated as fol-
lows, estimating an RAIU of 10%:

A ½MBq�5 3:273
dose ½Gy�3 volume ½cm3�

uptake ½%� :

The second approach was used mainly in earlier years and in patients
with small thyroid remnants, for which the reliability of an RAIU test
was considered questionable. Levothyroxine treatment was not with-
drawn. ATR was performed with an average activity of 452 MBq of
131I, and measurements of intratherapeutic RAIU were performed twice
daily for a minimum of 5 total measurements. These measurements
were used to calculate the thyroid remnant doses reached following the
MIRD approach. Additionally, 25 patients received oral glucocorticoid
therapy with 30 mg of prednisolone for 4 wk. In 5 patients with highly
active GO, intravenous glucocorticoid therapy was necessary. After
ATR, thyroid parameters were closely monitored, and medication was
adapted to ensure normal TSH levels.

Statistical Evaluation
For metric data, median (~x) and range or mean 6 SD were calcu-

lated, and differences between groups were evaluated with the Student
t test (2-tailed) if the D’Agostino–Pearson omnibus normality test
showed a normal distribution or with the Wilcoxon test if the distribu-
tion was not normal. The Fisher exact test was used to evaluate group
distributions of binary variables. The level of statistical significance

TABLE 1
Characteristics of Study Population

Characteristic Data

Subjects 100% (30)

Age (y) 52.1 6 9.9

Female 90% (27)

Duration of thyroid disease (y) 2.7 (1–16)

Duration from primary thyroid
treatment to ATR (mo)

17.5 (1–256)

99mTc uptake (%) 0.2 (0.01–1.7)

Lobus pyramidalis present at baseline 50% (15)

ATR

Oral steroids during ATR 83% (25)

Intravenous steroids during ATR 17% (5)

GO status at baseline

Mild 13% (4)

Moderate-to-severe 83% (25)

Very severe 3% (1)

Previous steroid therapy 83% (25)

Subsequent steroid therapy 20% (6)

Qualitative data are percentage and number; continuous data
are mean 6 SD or median and range.
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was defined as a 2-tailed 2a value of less than 0.05. All calculations
were performed with SPSS (version 22.0.0; IBM) and Prism (version
9.0.0; GraphPad) for Windows (Microsoft). P values are given de-
scriptively without a-adjustment for multiple testing.

RESULTS

Study Population
Thirty patients who met all inclusion and exclusion criteria were

identified and analyzed. Four showed mild (13%), 25 moderate-to-
severe (83%), and 1 sight-threatening (3%) GO. Of these, 27 were
female and 3 male; the mean age was 52.1 y (range, 29–80 y) (an
overview of baseline characteristics is provided in Table 1). All
patients showed unstable GO and fluctuating thyroid parameters. To
increase radioiodine uptake, 21 patients received rhTSH before ATR.

Changes in Thyroid Parameters
Half the patients (n 5 15) showed a remaining pyramidal lobe

on pre-ATR 99mTc-pertechnetate thyroid scintigraphy. Because
scintigraphy was not routinely included in follow-up examinations,
only 6 of 15 patients with a pyramidal lobe received a second anal-
ysis after ATR. In all 6 of these patients, the pyramidal lobe was
not visible on repeat thyroid scintigraphy 6 mo after ATR (Fig. 1).
Mean 99mTc uptake in all patients with pre- and post-ATR

99mTc-pertechnetate thyroid scintigraphy decreased from 0.5% to
0.1% at 3 mo after ATR (n 5 12, P 5 0.04; Fig. 2).

The average thyroid volume (n 5 28)
shrank from 1.4 to 0.4 cm3 from baseline to
3 mo after ATR. The mean TRAb titer (n 5

21) decreased from 19.02 to 13.37 IU/L.
Both changes were highly statistically signif-
icant (P , 0.0001). All patients showed a
positive TRAb titer at baseline. In no case
could a complete regression in antibodies be
measured after ATR.
Compared with baseline, average TSH

increased from 1.3 to 1.42 mU/L (P 5 0.75),
despite increasing levothyroxine therapy
(81.5 vs. 101.3 mg after 3 mo [P 5 0.002]
and vs. 108 mg after 12 mo [P 5 0.006]),
emphasizing the loss of functional thyroid
tissue and the success of ATR. An overview

of the assessed thyroid parameters before and after ATR is provided
in Table 2, and an overview of the radioactive iodine therapy param-
eter is provided in Table 3.

Ophthalmologic Assessment
Three months after ATR, CAS decreased significantly from an

average of 3.4 to 1.9 (P 5 0.0003; Fig. 3). The rate of active
forms decreased to 10%. To reach an inactive status, 3 patients
needed glucocorticoids in addition to the glucocorticoids all
patients received during ablation. After 12 mo, 96% of patients
had an inactive status. CAS further improved significantly to an
average of 1.3 (P , 0.0001). Worsening of CAS was observed in
only 1 patient (4%), who was a heavy smoker and showed unsta-
ble thyroid function and high levels of TRAb before ATR.
The soft-tissue score decreased at 3 mo after ATR to an average

of 3.4 (P 5 0.002). After 12 mo, there was a highly significant
improvement to an average score of 2.1 (P 5 0.0001).
NOSPECS was reduced from 5.9 at baseline to 5.2 at 3 mo

(P 5 0.013; Fig. 3). A significant reduction in NOSPECS was
also observed at the evaluation 12 mo after ATR (4.9, P 5 0.007).
Worsening of NOSPECS at 3 and 12 mo was observed only in the
aforementioned high-risk patient.
For the proptosis analysis, we excluded all patients who under-

went orbital decompression surgery during the follow-up period and
included only patients with clinically significant exophthalmos of at
least 20 mm or side differences of at least 2 mm. This left, at base-
line, 8 (27%) patients. Three months after ATR, 3 of these 8 patients
improved to a clinically significant extent (reduction $ 2 mm), 4
patients were stable, and the condition of 1 patient had deteriorated

FIGURE 1. Patient example of remaining active thyroid tissue seen on 99mTc-pertechnetate scin-
tigraphy (left) and no uptake 3 mo after ATR (right).

FIGURE 2. Significant decrease in TRAb level, thyroid volume, and
uptake on 99mTc-pertechnetate scintigraphy at 3-mo follow-up compared
with baseline, indicating successful ATR. *P # 0.05. ****P # 0.0001.
TcTu5 99mTc uptake.

TABLE 2
Thyroid Status

Parameter Baseline
3 mo

after TTA
12 mo

after TTA

LT4 dose
(mg)

81.5 6 42.5 101 6 26.9 108 6 25.8

TRAb (IU/L) 18.4 (1.4–.40) 13.4 (0.58–.40)

Thyroid
volume
(cm3)

0.95 (0–5.5) 0.05 (0–2)

Data are mean 6 SD or median and range. N 5 30 subjects.
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(increase $ 1 mm). This was the same at the 12-mo follow-up. All
patients whose proptosis was inconspicuous at baseline (n 5 16)
underwent no changes in proptosis during follow-up.
An improvement or worsening of ocular motility was defined

by an increase of reduction in total motility by no less than 8�.
Patients who underwent orbital decompression or eye muscle sur-
gery during the follow-up period were excluded, leaving 19
patients for analysis (63%). At the 3-mo follow-up visit, 26% of
these patients had improved motility, 74% had stable motility, and
2 patients had decreased motility. Changes in ophthalmologic
parameters are shown in Table 4.

DISCUSSION

The results of this retrospective study show a clinical benefit
of ATR in patients with unstable GO after prior thyroidectomy.
Because of the complicated anatomic location, small remnants
of thyroid tissue can persist after surgery and subsequently trig-
ger hyperthyroidism and GO (39,40). Our results encourage the
use of ATR in these patients with unstable thyroid function and,
consequently, unstable GO. This practice is in concordance with
the therapeutic principle of aiming for stable euthyroidism in
GO (11,41).

Ophthalmologic Assessment
Corresponding to the improvement in thyroid parameters, an

early response assessment at 3 mo after ATR already showed sig-
nificant reductions in CAS, NOSPECS, and soft-tissue scores,

with further improvements occurring until the 12-mo follow-up.
Worsening can mostly be prevented with concomitant glucocorti-
coid treatment (oral or intravenous, depending on the activity and
severity of GO before ATR). Only 1 patient showed worsening of
CAS and NOSPECS during the follow-up trial. This individual
was a heavy smoker (30 cigarettes per day), which might be the
reason for the insufficient treatment response. The significant
reduction in inflammatory activity is less likely due to the cortico-
steroid treatment that patients received during ATR because of the
brevity of the treatment (4–6 wk) and previous unsuccessful
attempts to stabilize the GO with corticosteroids. However, a ben-
eficial effect cannot be ruled out and should be investigated.
Our findings are in line with the results of prior studies. A retro-

spective analysis of 55 GO patients who underwent thyroidectomy
showed that the prevalence of inactive GO was significantly higher
in the fraction of patients treated with additional adjuvant ATR. This
has been confirmed in subsequently performed randomized control
trials comparing the effects of thyroidectomy versus thyroidectomy
plus ATR on GO improvement (29,30). Different results have been
reported from a longitudinal study on 60 patients with mild to mod-
erate GO undergoing thyroidectomy, thyroidectomy plus radioactive
iodine therapy, or treatment with antithyroid drugs, without statisti-
cally significant differences between the thyroidectomy group and
the thyroidectomy–plus–radioactive iodine group. Still, both groups
showed significantly better outcomes than the group treated with
antithyroid drugs (42). The differing results might indicate that not
all patients benefit from ATR after thyroidectomy. At our center,
therefore, ATR was performed not immediately after thyroidectomy
but in cases of unstable GO after surgery, which entails a negative
preselector. Our findings therefore indicate a potential role for ATR
in this setting as well. In contrast to Menconi et al. (29) and De
Bellis et al. (42), we also included patients with severe GO, and in
contrast to Moleti et al. (30), intravenous glucocorticoids were
administered to only 5 patients.
Despite the large number of GO patients in our tertiary referral

center, only relatively few patients could be included in this trial.
There were multiple reasons, such as the high number of mild-GO
cases and the many externally performed ATR due to the tertiary
referral status of our center and the long journeys to it. Further-
more, further treatment after thyroidectomy was only deemed nec-
essary in a small fraction of patients, suggesting that surgery alone
may be sufficient in most cases.

Most patients in our analysis showed a
moderate-to-severe GO, probably because
patients with mild cases are less often re-
ferred to a university eye hospital. The
higher number of referred cases of more
severe GO may also indicate that mild
forms need extensive thyroid treatment less
frequently. However, this possibility can-
not be extrapolated from our data and
should be investigated in a larger study.
Our cohort had only 1 patient with sight-
threatening disease; such patients are rare
even in a tertiary referral center.
The less beneficial effect on proptosis and

motility was not unexpected, since fibrotic
changes in the extraocular muscles and prop-
tosis due to adipogenesis react less to inacti-
vation of GO, as demonstrated in clinical
trials of antiinflammatory agents (16,17).

TABLE 3
Radioactive Iodine Therapy Parameters

Parameter Data

Target volume (cm3) 0.95 (0–5.5)

Activity (MBq of 131I) 411 (100–1,036)

Thyroid remnant dose (Gy) 488 (63–2,153)

24-h radioiodine uptake (%) 13.4 6 7

Effective half-life (d) 2.8 6 1.5

Data are mean 6 SD or median and range. N 5 30 subjects.

FIGURE 3. Significant decrease in disease activity as assessed with soft-tissue score and CAS at 3
and 12 mo after ATR, compared with baseline. NOSPECS also showed significant decrease (P5 0.013)
at both time points. Proptosis was mostly stable, with no significant improvement. *P# 0.05. **P# 0.01.
***P# 0.001. ****P# 0.0001; ns5 not statistically significant.
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Changes in Thyroid Parameters
In line with prior observations, ATR showed a good safety

profile, and the administration of rhTSH was not associated with any
severe ophthalmologic side effects (30). Follow-up examinations after
3 and 12 mo showed reductions in TRAb titer, thyroid volume, and
99mTc uptake, implicating successful irradiation of thyroid remnant tis-
sue. We also observed increases in levothyroxine requirements, which
may be interpreted as an additional marker of successful ablation but
may also be attributable to other causes, such as weight gain, which is
commonly observed in patients treated with corticosteroids.
The therapeutic effect of ATR affirms prior observations that

even small thyroid remnants can play a role in mediating GO and
that its irradiation reduces autoimmune activity (43,44). Of note,
half our patients displayed a prominent pyramidal lobe on pretreat-
ment 99mTc scintigraphy, suggesting that its nonresection may
play a role in the course of postthyroidectomy hyperthyroidism
and GO. However, since 99mTc scintigraphy is not performed as a
routine follow-up examination after thyroidectomy, it remains
unknown how many patients with residual pyramidal lobes may
experience no complications.
Regarding TRAb, most patients (93%) showed levels above

2 IU/L (median, 18.4 IU/L) at baseline 2 y after the beginning of the
thyroid disease. This finding agrees with previous studies showing
that patients with severe, progressive GO have a persistent TRAb
level of at least 2–6 IU/L even 2 y after the onset of Graves’ disease.
In contrast, less severely afflicted patients already showed negative
TRAb levels at this time point (8,21). Our patient cohort confirms
these findings and represents an at-risk cohort regarding the progres-
sion of GO. Still, ATR was able to reduce TRAb levels from a
median of 18.4 to 13.4 IU/L after 3 mo. Furthermore, the fact that
96% of patients showed inactivation after ATR, even in this at-risk
group regarding TRAb levels, underlines the effectiveness of ATR.
Lastly, a wide range of thyroid remnant doses was reached in our

cohort. Interestingly, for all patients in whom the thyroid remnant dose
of 500 Gy was exceeded by 20% or more, the activity calculation was
performed using the pretherapeutic 99mTc-pertechnetate thyroid scin-
tigraphy or rhTSH was administered after the RAIU test, meaning that
the conditions during TRAb and RAIU testing were not comparable.
Patients in whom the target thyroid remnant dose was undershot

by 20% or more (n 5 10) had a lower RAIU during TRAb testing
than in the previously performed RAIU test (n 5 7) or than the
assumed RAIU of 10% in the patients for whom no RAIU test
was performed (n 5 3).

Limitations
Limitations of this study include its retrospective design and the

lack of a control group in which the course of GO without additional

ATR could be observed. Additionally, follow-up thyroid scintigraphy
was missing in a subgroup of patients. Furthermore, the treatment
protocol within the collective was variable, with some patients being
treated after an RAIU test whereas in others an RAIU of 10% was
assumed if the 99mTc uptake was rated sufficient by visual assess-
ment. On the basis of the small sample size, caution is warranted in
comparing these 2 approaches. Yet, insufficient thyroid remnant
doses were more commonly observed in the cohort that underwent a
pretherapeutic RAIU test (7/17 vs. 3/13), implying that a clear bene-
fit of an RAIU test cannot be stated.

CONCLUSION

Our data indicate that radioiodine ATR is a viable treatment
option in patients with unstable GO and persistence of thyroid dys-
function after thyroidectomy. Therefore, scintigraphy should be
considered for patients with unstable GO after thyroidectomy and
fluctuating thyroid parameters, and additional ablation should be
performed if there is a significant thyroid remnant. Persistence of
the pyramidal lobe after surgery may play a pivotal role in the
pathogenesis. Further randomized, controlled studies are needed to
determine the standalone impact of ATR.
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KEY POINTS

QUESTION: How does thyroid remnant ablation by use of
radioactive iodine impact the course of disease in patients with
persistent or worsening GO after prior thyroidectomy?

PERTINENT FINDINGS: Ophthalmologic assessment revealed
clinical improvement at 3 and 12 mo after thyroid remnant ablation
in 29 of 30 patients. Furthermore, ultrasound, thyroid scintigraphy,
and TRAb levels indicated successful ablation.

IMPLICATIONS FOR PATIENT CARE: Thyroid remnant ablation
is well tolerated and may improve the treatment outcome in GO
patients.

TABLE 4
Ophthalmic Status

Parameter Baseline 3 mo after TTA 12 mo after TTA

CAS 3.4 6 1.8 1.9 6 1.6 1.3 6 1.2

NOSPECS 5.9 6 1.9 5.1 6 2.6 4.9 6 2

Soft-tissue score 4.7 6 2.6 3.4 6 2.9 2.1 6 2.1

Proptosis (mm) 18.4 (13–24.5) 18.1 (13–24) 17.9 (14–22)

Motility (�) 296.8 (157–350) 302.2 (215–350) 298.6 (180–350)

Data are mean 6 SD or median and range. N 5 30 subjects.

ABLATION OF THYROID REMNANTS � Oeverhaus et al. 565



REFERENCES

1. Shan SJ, Douglas RS. The pathophysiology of thyroid eye disease. J Neu-
roophthalmol. 2014;34:177–185.

2. Bahn RS. Current insights into the pathogenesis of Graves’ ophthalmopathy. Horm
Metab Res. 2015;47:773–778.

3. Davies TF, Andersen S, Latif R, et al. Graves’ disease. Nat Rev Dis Primers. 2020;
6:52.

4. Krieger CC, Place RF, Bevilacqua C, et al. TSH/IGF-1 receptor cross talk in
Graves’ ophthalmopathy pathogenesis. J Clin Endocrinol Metab. 2016;101:2340–
2347.

5. Morshed SA, Davies TF. Graves’ disease mechanisms: the role of stimulating,
blocking, and cleavage region TSH receptor antibodies. Horm Metab Res. 2015;
47:727–734.

6. Tsui S, Naik V, Hoa N, et al. Evidence for an association between thyroid-
stimulating hormone and insulin-like growth factor 1 receptors: a tale of two anti-
gens implicated in Graves’ disease. J Immunol. 2008;181:4397–4405.

7. Krieger CC, Neumann S, Place RF, Marcus-Samuels B, Gershengorn MC. Bidirec-
tional TSH and IGF-1 receptor cross talk mediates stimulation of hyaluronan secre-
tion by Graves’ disease immunoglobins. J Clin Endocrinol Metab. 2015;100:
1071–1077.

8. St€ohr M, Oeverhaus M, Lytton SD, et al. Predicting the course of Graves’ orbitopa-
thy using serially measured TSH-receptor autoantibodies by automated binding
immunoassays and the functional bioassay. Horm Metab Res. 2021;53:435–443.

9. Pl€ohn S, Edelmann B, Japtok L, et al. CD40 enhances sphingolipids in orbital
fibroblasts: potential role of sphingosine-1-phosphate in inflammatory T-cell
migration in Graves’ orbitopathy. Invest Ophthalmol Vis Sci. 2018;59:5391–5397.

10. Gerding MN, Terwee CB, Dekker FW, Koornneef L, Prummel MF, Wiersinga
WM. Quality of life in patients with Graves’ ophthalmopathy is markedly
decreased: measurement by the medical outcomes study instrument. Thyroid.
1997;7:885–889.

11. Burch HB, Wartofsky L. Graves’ ophthalmopathy: current concepts regarding
pathogenesis and management. Endocr Rev. 1993;14:747–793.

12. Dunne JW, Edis RH. Optic nerve involvement in Graves’ ophthalmopathy: a case
report and review. Aust N Z J Med. 1985;15:258–261.

13. Bartalena L, Baldeschi L, Boboridis K, et al. The 2016 European Thyroid
Association/European Group on Graves’ Orbitopathy guidelines for the manage-
ment of Graves’ orbitopathy. Eur Thyroid J. 2016;5:9–26.

14. Oeverhaus M, Witteler T, Lax H, Esser J, Fuhrer D, Eckstein A. Combination ther-
apy of intravenous steroids and orbital irradiation is more effective than intrave-
nous steroids alone in patients with Graves’ orbitopathy. Horm Metab Res. 2017;
49:739–747.

15. Eckstein A, Esser J, Oeverhaus M, Saeed P, Jellema HM. Surgical treatment of dip-
lopia in Graves orbitopathy patients. Ophthal Plast Reconstr Surg. 2018;34(suppl 1):
S75–S84.

16. Oeverhaus M, Stohr M, Moller L, Fuhrer D, Eckstein A. Graves’ orbitopathy: cur-
rent concepts for medical treatment. Klin Monatsbl Augenheilkd. 2021;238:24–32.

17. Bartalena L, Kahaly GJ, Baldeschi L, et al. The 2021 European Group on Graves’
Orbitopathy (EUGOGO) clinical practice guidelines for the medical management
of Graves’ orbitopathy. Eur J Endocrinol. 2021;185:G43–G67.

18. Prummel MF, Wiersinga WM, Mourits MP, Koornneef L, Berghout A, van der
Gaag R. Effect of abnormal thyroid function on the severity of Graves’ ophthalmo-
pathy. Arch Intern Med. 1990;150:1098–1101.

19. Karlsson F, Westermark K, Dahlberg PA, Jansson R, Enoksson P. Ophthalmopathy
and thyroid stimulation. Lancet. 1989;2:691.

20. Wiersinga W, Zarkovic M, Bartalena L, et al. Predictive score for the development
or progression of Graves’ orbitopathy in patients with newly diagnosed Graves’
hyperthyroidism. Eur J Endocrinol. 2018;178:635–643.

21. Eckstein AK, Plicht M, Lax H, et al. Thyrotropin receptor autoantibodies are inde-
pendent risk factors for Graves’ ophthalmopathy and help to predict severity and
outcome of the disease. J Clin Endocrinol Metab. 2006;91:3464–3470.

22. Burch HBW. Graves’ ophthalmopathy: current concepts regarding pathogenesis
and management. Endocr Rev. 1993;14:747–793.

23. Kahaly GJ, Bartalena L, Hegedus L, Leenhardt L, Poppe K, Pearce SH. 2018 Euro-
pean Thyroid Association Guideline for the management of Graves’ hyperthyroid-
ism. Eur Thyroid J. 2018;7:167–186.

24. Bartalena L, Marcocci C, Bogazzi F, Panicucci M, Lepri A, Pinchera A. Use of
corticosteroids to prevent progression of Graves’ ophthalmopathy after radioiodine
therapy for hyperthyroidism. N Engl J Med. 1989;321:1349–1352.

25. Alesina PF, Singaporewalla RM, Eckstein A, Lahner H, Walz MK. Is minimally
invasive, video-assisted thyroidectomy feasible in Graves’ disease? Surgery. 2011;
149:556–560.

26. Musholt TJ, Bockisch A, Clerici T, et al. Update of the S2k guidelines: surgical
treatment of benign thyroid diseases [in German]. Chirurg. 2018;89:699–709.

27. Wilhelm SM, McHenry CR. Total thyroidectomy is superior to subtotal thyroidec-
tomy for management of Graves’ disease in the United States. World J Surg. 2010;
34:1261–1264.

28. Dralle H, Sekulla C. Morbidity after subtotal and total thyroidectomy in patients
with Graves’ disease: the basis for decision-making regarding surgical indication
and extent of resection [in German]. Z Arztl Fortbild Qualitatssich. 2004;98(suppl 5):
45–53.

29. Menconi F, Marino M, Pinchera A, et al. Effects of total thyroid ablation versus
near-total thyroidectomy alone on mild to moderate Graves’ orbitopathy treated
with intravenous glucocorticoids. J Clin Endocrinol Metab. 2007;92:1653–1658.

30. Moleti M, Violi MA, Montanini D, et al. Radioiodine ablation of postsurgical thy-
roid remnants after treatment with recombinant human TSH (rhTSH) in patients
with moderate-to-severe Graves’ orbitopathy (GO): a prospective, randomized,
single-blind clinical trial. J Clin Endocrinol Metab. 2014;99:1783–1789.

31. Menconi F, Leo M, Vitti P, Marcocci C, Marino M. Total thyroid ablation in
Graves’ orbitopathy. J Endocrinol Invest. 2015;38:809–815.

32. Meyer Zu Horste M, Pateronis K, Walz MK, et al. The effect of early thyroidec-
tomy on the course of active Graves’ orbitopathy (GO): a retrospective case study.
Horm Metab Res. 2016;48:433–439.

33. Eckstein AK, Plicht M, Lax H, et al. Clinical results of anti-inflammatory therapy
in Graves’ ophthalmopathy and association with thyroidal autoantibodies. Clin
Endocrinol (Oxf). 2004;61:612–618.

34. Dickinson AJ, Perros P. Controversies in the clinical evaluation of active thyroid-
associated orbitopathy: use of a detailed protocol with comparative photographs
for objective assessment. Clin Endocrinol (Oxf). 2001;55:283–303.

35. Mourits MP, Koornneef L, Wiersinga WM, Prummel MF, Berghout A, van der
Gaag R. Clinical criteria for the assessment of disease activity in Graves’ ophthal-
mopathy: a novel approach. Br J Ophthalmol. 1989;73:639–644.

36. Mourits MP, Prummel MF, Wiersinga WM, Koornneef L. Clinical activity score
as a guide in the management of patients with Graves’ ophthalmopathy. Clin Endo-
crinol (Oxf). 1997;47:9–14.

37. Prummel MF, Bakker A, Wiersinga WM, et al. Multi-center study on the characteris-
tics and treatment strategies of patients with Graves’ orbitopathy: the first European
Group on Graves’ Orbitopathy experience. Eur J Endocrinol. 2003;148:491–495.

38. Hammes J, van Heek L, Hohberg M, et al. Impact of different approaches to calcu-
lation of treatment activities on achieved doses in radioiodine therapy of benign
thyroid diseases. EJNMMI Phys. 2018;5:32.

39. DeGroot LJ, Benjasuratwong Y. Evaluation of thyroid ablative therapy for ophthal-
mopathy of Graves’ disease. Orbit. 1996;15:187–196.

40. Dietlein M. Differenziertes Schilddr€usenkarzinom: Behandlungskorridore und
Interdisziplin€are Konzepte. Thieme; 2013/2014:R1–R32.

41. Bartalena L, Baldeschi L, Dickinson AJ, et al. Consensus statement of the Euro-
pean Group on Graves’ Orbitopathy (EUGOGO) on management of Graves’ orbi-
topathy. Thyroid. 2008;18:333–346.

42. De Bellis A, Conzo G, Cennamo G, et al. Time course of Graves’ ophthalmopathy
after total thyroidectomy alone or followed by radioiodine therapy: a 2-year longi-
tudinal study. Endocrine. 2012;41:320–326.

43. Marcocci C, Bartalena L, Bogazzi F, Bruno-Bossio G, Pinchera A. Relationship
between Graves’ ophthalmopathy and type of treatment of Graves’ hyperthyroid-
ism. Thyroid. 1992;2:171–178.

44. Tallstedt L, Lundell G. Radioiodine treatment, ablation, and ophthalmopathy: a
balanced perspective. Thyroid. 1997;7:241–245.

566 THE JOURNAL OF NUCLEAR MEDICINE � Vol. 64 � No. 4 � April 2023


