
the factors that may explain why this technique may be
successful in some and unsuccessful in others, we con
ducted this prospective study.

PA11ENTSAND ME1HODS

From 1984to 1990,57 consecutivepatientswith surgically
proven papillaryand follicularthyroid carcinomawere seen for
131! treatment. The surgeon intended to perform a subtotal or total

thyroidectomy in all of these patients. Clinicopathologic stages of
thyroid carcinomawere determinedduringsurgery according to
Smedal's classification(16). Thus, the lesionwas intrathyroidal
only in Stage I; nonfixed cervical metastases were documented in
StageII; fixedlymphnode metastasesor invasioninto the neck
outsidethethyroidwerenoticedin StageIll andmetastaticthy
mid disease was present in Stage IV. In addition, associated
diffuse or multinodular goiter was documented on pathological
findings. Four months after surgery, a whole-body scan was done
using 185MBq (5 mCi) of 131kafter withdrawal of L-thyroxine for
5â€”6wk. Residual thyroid tissue area was then measured by
planimetry ofthe thyroid scan. Five days after scanning, a dose of
1110MBq of 131!wasgivento all patientsexceptin six where
distant metastases were documented and in one where no residual
thyroidtissuewas seen (Fig. 1).A subsequent185MBq(5 mCi)
131! scan was performed 6 mo later in all patients except five who

refused to become hypothyroid again and in one who was hemo
dialysed. Consequently, 44 patients were completely evaluated in
orderto assesstheefficacyof thyroidablationwith1110MBqof
131! All scans were independently reviewed by two physicians.

Ablation was defined as complete absence of any focal uptake in
theanteriorneckarea.Anyresidualfunctioningtissuewasseenas
failure of ablation. A second dose of 30 mCi was given 6 mo after
the firstdose in 21 of the 32 patientswithout total thyroidablation
after the first radioactive treatment. Ofthe 11subjectswho did not
havea second111O-MBqtreatment,10refusedto prolongtheir
hypothyroid period related to â€˜i'!administration,and a second
dose of 4440 MBq (120 mCi) of â€˜i'!was administered in one
patient.A thirddose of 131!was givenin 8 of the 11patientswho
hadincompleteablationafteraseconddoseof 131jâ€¢A whole-body
scan with 185 MBq (5 mCi) of 131!was performed 6 mo after 131j
treatment.

A Mann-WhitneyU-testwas usedto assessthesignificanceof
differencesbetween the two groups. Normal scale data were
analyzed with chi-square and Fisher exact tests. Pearson's corre
lationrankwas also calculated. Results areexpressed as means Â±
s.d. and significancewas accepted when p < 0.05.

It is customary to ablate residualtissue after near-totalthyroid
ectomyfor thyroidcarcinomaby adminletering1311.A recent
trend has beento use lower131ldoses.This studywas designed
toassesstheefficacyofthyroklablationby1110MBqof1311(30
mCI)in patientswhohadnear-totalthyrokiectornyfor papillary,
mixedorfollicularthyroidcarcinomaFourmonthsaftersurgery,
awhde-bodyscanwasdone using 185MBq (5mCi)of 1311after
withdrawalof L-thyrodnefor5-6 wk.Residualthyroidareawas
then measuredby planimetryof the thyroidscan.Patientsre
calvedablationtherapywithin5 daysafterscanningandoneor
moresubsequentscanswereperformed6 mo later.Forty-four
patientsweretreatedto ablateresidualfunctionalthyroidtissue.
Of these, 12 (27%) had successful ablation. Total body areas
(1.63 Â±0.l6versus 1.83 Â±0.30, p < 0.03) and residual thyroid
tissue(1.4 Â±1.4versus2.0 Â±1.2cm', p < 0.05)werelessin
patientswithtotalthyroidablationwhiletherewasa trendfor a
smallerincidenceof associatedgoiterIn thosepatients(1/12
versus13/32,p < 0.07).Nineof the 17 (53%)patientswitha
totalbodyarealessthan 1.9 m@and/orwitha residualthyroid
tissue less than 2.1 cm@and/orwithoutassociatedprevious
associateddiffuseor muWnodulargoiterhada totalthyroidab
lation,while3 of the27 (11%)patientswhodidnothavethese
tharactensbcshada successfultherapy(p < 0.005).Ourdata
suggest that 1110 MBq (30 mCI) of 1311can achieve total able
tionof residualthyroidtissueafternear-totalthyroidectomypar
ticularlyin patientswithlowertotalbodyareaandsmallerresid
ual thyroid tissue without associatedprevious diffuse or
multinodulargoiter.
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odine-131 has been recommended to ablate residual thy
roid functional tissue after thyroidectomy for well-differ
entiated thyroid carcinoma (1â€”3).However, there are var
ious opinions on which patients should be given 1311and
the amount administered. The doses that are used range
from 925 to 7400 MBq (25â€”200mCi) (4â€”5).Duringthe last
two decades, a trend has been to use 1110 MBq (30 mCi) of
radioiodine in order to avoid hospitalization (6). However,
the result of thyroid ablation after 1110 MBq of 1311are
highly variable without clear explanation (6â€”15).In order
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to assess the effectiveness of this method of ablation and
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had successful radioactive therapy (X2, p < 0.005). The
tumor clinicopathological stages ofpatients with successful
and unsuccessful ablationwere similar. In patients where
ablation respectively achieved or failed, Stage I was ob
served during surgery in Patients 6 and 9; Stage II in
Patients 1 and7, Stage III in Patients5 and 16 and Stage IV
in any of both groups. In the 15 patients where both tests
were performed, there was no significantdifference in thy
roid-stimulatinghormone (TSH) (41 Â±14 versus 45 Â±28
mU/liter) and â€˜@â€˜Iuptake (3% Â±3% versus 7% Â±8%)
between patients with successful and unsuccessful radio
active therapy. A second dose 1110MBq of â€˜@â€˜Iwas given
in 21 of the 32 patients without total thyroid ablation after
the first radioactive treatment. Characteristicsof patients

TABLE I
ClinicalDataof PatientsWhere1110MBq(30mCi)Dosesof 1311AchievedAblationofThyroidFunctioningRemnantCompared

to Those WhereAblationFaIled
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RESULTS

Figure 1 illustrates the treatment and outcome of the
patients in a flow diagram. Forty-four patients were treated
to ablate cervical residual functional thyroid tissue. Of
these, ablationwas achieved in 12 (27%).As summarized
in Table 1, patientswith total thyroidablationaftera single
dose of 1311had smallertotalbody areaandresidualthyroid
tissue after surgery while there was a trend for a lower
incidence of associated goiter in these patients. Nine of the
17 (53%)patientswith a total body area less than 1.9 m2
and/or residual tissue less than 2.1 cm2 on planimetry of
thyroid scan after surgery and/or without associated goiter
on pathological findingshad a total thyroid ablation,while
3 of the 27 (11%)who did not have thesecharacteristics



with or without a second treatmentwere similarexcept for
total body area which was smaller in those with a second
treatment (1.8 Â±0.3 versus 2.0 Â±0.2 m2, p < 0.02). Of the
21 patients, a second treatment was successful in 10(48%)
(Fig. 1). Patientswith total thyroidablationafter2220MBq
(60mCi) had a smaller thyroid tissueareabefore the 5cc
ond dose of 1110 MBq (0.4 Â±0.1 versus 1.1 Â±0.7 cm2,
p < 0.003), while total body area was similar(1.66 Â±0.27
versus 1.72 Â±0.24 m2, ns) to those with an unsuccessful
second treatment. Associated histological goiter was
present in three patients of each group (ns). There was no
significant difference in the frequency of total thyroid ab
lation rate between the first (27%) and second treatment
(48%).

After 1 or 2 doses of 1110 MBq, the success rate of
ablation of functional thyroid remnant was 50% (22144)
with a mean â€˜@â€˜Idose of 1554 Â±592 MBq (42 Â±16 mCi).
Residual thyroid tissue after surgery (1.4 Â±1.1 versus 2.3
Â± 1.3 cm2, p < 0.04) and total body area (1.65 Â±0.21
versus 1.9 Â±0.28 m2, p < 0.004) were smaller in patients
with successful firstand second treatment.Associated his
tological goiter was present in 4 of the 22 patients with
successful ablation compared to 10 of the 22 patients with
unsuccessful treatment (ns).

In five patients, the second (1) or third (4) dose of 1311
was 4400 MBq (100 mCi), as illustrated in Figure 1. The
ablation response following this largerdose was 60%(3/5)
which was similar to the success rate of 50% (22/44)when
only low doses of 1311were administered. There was no
statistical difference between characteristics of patients
with low and high doses, although residual thyroid tissue
tended to be larger in those treated with 4400 MBq (100
mCi) (2.6 Â±1.4 versus 1.7 Â±1.2 cm2).

DISCUSSION

Ablation of thyroid functioning remnant with a single
dose of 1110MBq was achieved in 27%of the subjects. In
the medical literature, the success rate in thyroid ablation
rangesfrom7%to 83%with doses of 925-1110 MBq (25â€”30
mCi) of â€˜@â€˜I(6â€”15)and from 60%to 100%for doses equal
or greater than 1850 MBq (50 mCi) (9,12â€”14,18,19). We
observed a success rate of 50% (22144)with a mean dose of
1554 Â±592 MBq (42 Â±16 mCi)when we globally evaluated
the patients who were treated once (21) and those treated
twice (23). This ablation success rate would have probably
been greater if all patients with an unsuccessful first treat
ment had a second dose of radioiodine. However, the six
patients who refused to have a second ablationdose had a
larger total body area than those who had a second treat
ment which, according to our data, was associated to a
lower incidence of successful functionalremnantablation.
Ramanna et al. reported that 2 of 19 (15%) patients treated
after total or near-total thyroidectomy for differentiated
thyroid carcinoma with 1110 MBq had successful residual
thyroid ablation, while 3 of 12 (25%) additional patients
were ablated after a second, low dose of radioiodine(15).

These ablation rates were observed with a 187 MBq (5
mCi) to 394 MBq (10 mCi) diagnostic â€˜@â€˜Iscan. However,
the choice of ablation dose, between 1110 MBq and 3700
MBq (100 mCi), was not randomized in this study. In
addition, no data was given in the Ramanna's series re
gardingresidual thyroid area, total body area and associ
ated goiter. Consequently, it is difficult to compare our
results to those of Ramannaet al. Arad et al. reportedthat
it was possible to achieve thyroid ablation with multiple
1110-MBq doses as frequently (75%) as with a single dose
(80%) with a lower total radioiodine dose ((3108 versus
5254 MBq) (84 versus 142 mCi)) (17). However, multiple
radioiodine treatments may be more inconvenient and
time-consuming because episodes of hypothyroidism are
more numerous. In our study, 6 of 50 patients and 10 of 32
refused to have a second and thirdperiod of hypothyroid
ism, respectively. Multiple doses of radioiodine, according
to Arad's series, do not seem to induce a radio-resistance
since thyroid ablation was achieved with multiple low
doses as frequently as with one single high dose. However,
radio-resistantpatients are regularlynoticed. For instance,
Johansen et at. (13) reported that after two and three doses
of 1073 MBq (30 mCi) or 3700 MBq (100 mCi), thyroid
ablationwas achieved in 33% (3/9) and 44% (4/9), respec
tively. After the first dose, the success rate was 81% (21/26)
and 84%(14/17), respectively.

Variations in radioactive doses have been reported pre
viously to be associated to variations in ablation rate suc
cess. Maxon et al. have shown that an initial radioiodine
treatmentresultingin radiationdoses of at least 30,000 cGy
(rad) to thyroid remnants was associated with a significant
increase in the rate of response to therapy (19). In contrast,
Snyder et al. reported that effectiveness of 1110-MBq
doses did not correlate with 1311uptake (as in our study),
surgeon's estimate of remnantsize and 131!delivered dose
to the remnants (11). In order to explain the absence of
relationshipbetween â€˜@â€˜Iuptake and ablationresults, Sny
der et al. advocate that errorsin measuringthyroid uptake
less than 5% can be as much as 10%â€”100%(11). In addi
tion, it is not surprisingthat remnantsize estimated by the
surgeon did not correlate with the radioactive ablation re
sults since total thyroidectomy rarely results (5%) in ab
sence of iodine-avid tissue on diagnostic 1311scan (20). In
fact, the surgeon's estimate seems particularlyinaccurate
for small size remnants (20).

Highly variable rates in response to radioiodine treat
ment may be related to other factors. For instance, the
doses of â€˜@â€˜Iused for total body scan may range from 7.4 to
185 MBq (200 @tCito 5 mCi), with most reports using 37â€”74
MBq (1â€”2mCi). This difference in 1311doses may result in
differences in the sensitivity of residual-iodineavid tissue
detection. Waxmanet al. reporteda 400%increase in sen
sitivity with a 370-MBq (10 mCi) dose to a 74-MBq (2 mCi)
dose (21). In our study, we used a 185-MBq(5 mCi) scan.
In the medical literature, the higher ablation rates after
radioiodine treatment were observed with a 37â€”74MBq
(1â€”2mCi) diagnostic scan (48â€”1Z14,17,18) and the lower
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ablation rates after a dose scan of 185 MBq (5 mCi) or
greater (7,13,15). Variable responses to radioiodine treat
ment can also be explained by the fact that the thyroidmay
be stunned after a high dose of 1311(22). Pretherapyscan
ning with a high dose of â€˜@â€˜Imay suppress the thyroid and
prevent uptake of a subsequential therapy dose of 1311.
However, this possible suppression of 1311uptake does not
explain the variable responses to radioiodine treatment
observed in our patients since the time between scanning
and treatmentwas the same for all patients. According to
our data, seems that more remnanttissue was left by the
surgeon, makingit difficultto have successful total thyroid
ablationafter 1110MBq. Thus, the areaofresidual thyroid
tissue assessed by planimetry was a predictive factor of
ablation success rate, even though this technique does not
assess the thickness of thyroid remnant. In fact, the trend
to a decreased incidence of successful thyroidablationrate
in patients with associated goiter may be related to a
greater thickness of the remnant in these patients or to
heterogeneous distribution of radioiodine in abnormal thy
roid tissue.

Our data also suggest that 1110 MBq of â€˜@â€˜Iwere more
effective in patients with small total body area. Increased
sensitivity to radioiodine has been described in children
with hyperthyroidism (23). In smaller patients, there is
probably an increase in absolute iodine uptake because
plasma 1311concentration is likely greater since the same
1311 dose is diluted in a smaller plasma volume in those

subjects (24â€”25).Consequently, the efficacy of 1311is bet
ter in patients with smaller total body area since the rela
tive radioiodine dose, to destroy thyroid remnant, is prob
ably greater in these cases.

In conclusion, our datasuggest that 1110MBq of â€˜@â€˜Ican
achieve total ablation of residual thyroid tissue after mean
total thyroidectomy patients with lower total body area and
smaller residual thyroid tissue without associated previous
goiter. Patientswho did not have characteristicsmay need
higher doses of 1311to achieve total thyroid ablation.
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