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PURPOSE: To compare MR with thallium-201 scintigraphy in the follow-up of patients who have 
undergone thyroidectomy and modified radical neck dissection for differentiated thyroid cancer. 
METHODS: Both MR imaging and 201TI scintigraphy were performed in 39 patients after surgery 
for differentiated thyroid cancer. Ten patients did not have recurrence; 29 patients had 51 recurrent 
tumors in the neck and mediastinum. RESULTS: Among 51 tumor sites, 39 sites of recurrence 

were detected by MR and 24 were detected by 20 1TI scintigraphy. The true-positive rate, false
negative rate, true-negative rate, and false-positive rate in detecting recurrent thyroid cancer were 
76.5, 23.5, 100, and 0% , respectively, for MR and 47.1, 52.9, 100, and 0%, respectively , for 20 1TI 
scintigraphy. MR was more sensitive than 201 TI scintigraphy in detecting recurrent tumors 
(especially small metastatic nodes). On T2-weighted MR images, recurrent tumor was characterized 
by high signal intensity. Scarring in the postoperative thyroid bed was characterized by low signal 

intensity on both T1- and T2-weighted images. Abnormal accumulation of 201TI in the postoperative 
thyroid bed was not observed. CONCLUSIONS: Although both MR images and 20 1TI scintigraphy 
were effective in distinguishing recurrent tumor from postoperative fibrous tissue, MR images were 

more sensitive than 201TI scintigraphy in detecting recurrent tumors. These results suggest that 
MR imaging is more useful than 20 1TI scintigraphy in the follow-up evaluation of patients after 
neck surgery for differentiated thyroid cancer. 
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Magnetic resonance (MR) imaging has been 
shown to be effective in demonstrating the extent 
and invasiveness of thyroid tumors (1, 2). The 
differentiation of recurrent tumor from scar tissue 
after surgery is important in the evaluation of 
patients who have undergone neck surgery. Re
cently, Aufermann et al reported the usefulness 
of MR imaging for detecting recurrent thyroid 
cancer, and they concluded that recurrent thyroid 
cancer and postoperative fibrosis could be differ
entiated on MR imaging (3). Other techniques 
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such as radioiodine scintigraphy, thallium-201 
scintigraphy, and ultrasonography have been 
widely used for the follow-up and management 
of patients with differentiated thyroid cancer 
(DTC) (4-9). Radioiodine scintigraphy is said to 
be sensitive in detecting normal residual thyroid 
tissue and recurrent tumor postoperatively, but 
cannot differentiate local recurrent tumor from 
normal thyroid bed after thyroidectomy (4, 5). 
Ultrasonography does not allow differentiation of 
recurrent tumor or fibrosis unless guided biopsy 
of this tissue is done (8, 9). We performed both 
MR imaging and 201Tl scintigraphy in patients 
who had previously undergone thyroidectomy 
and modified radical neck dissection for DTC, 
and we evaluated the capabilities of MR imaging 
in comparison with 201Tl scintigraphy in the de
tection of recurrent thyroid cancer and the differ
entiation of tumor from normal postoperative bed 
after thyroidectomy. 
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Materials and Methods 

We studied 39 patients (mean age, 56 years; 25 women 
and 14 men) who had undergone subtotal thyroidectomy 
and modified radical neck dissection for DTC (36 papillary 
adenocarcinoma, two medullary carcinoma, and one follic
ular adenocarcinoma). The mean interval between thyroid
ectomy and our studies was 6.8 years (range, 1 to 20 
years). The diagnosis of recurrent thyroid cancer was based 
on serum thyroglobulin measurements, palpitation, ultra
sonography, 201 Tl scintigraphy, MR imaging, and fine
needle aspiration biopsy . Twenty-nine patients had sus
pected recurrence by these tests. All patients with sus
pected recurrence underwent operations. Sixteen patients 
without evidence of recurrence underwent surgery for re
section of recurrent tumors in the lateral neck. Fibrous 
tissue in the thyroid bed was confirmed in these patients 
by intraoperative findings. 

Fifty-one recurrent tumors were confirmed by surgery 
(Table 1). We evaluated the images of these 51 recurrent 
tumors and 26 postoperative thyroid beds without recur
rent tumors (10 thyroid beds that were confirmed to be 
tumor negative by fine-needle aspiration biopsy, and 16 
thyroid beds that were confirmed to be tumor negative by 
surgery) . 

MR imaging and 201TI scintigraphy technique 

MR imaging was obtained by the use of a 0.5-T super
conductive MR system (Toshiba MRT-50A; Toshiba, To
kyo, Japan) with a surface coil for the neck or a surface 
coil for the thyroid. Studies consisted of spin-echo images 
obtained in the axial plane with short (Tl-weighted, 400 to 
500/15 to 20 [repetition time/echo time]) and long (T2-
weighted, 2000 to 2900/80, cardiac-gated) sequences. T1-
weighted images were obtained with two acquisitions and 
a 256 X 256 double matrix or with 4 acquisitions and a 
256 X 256 matrix. T2-weighted images were obtained with 
one acquisition and a 256 X 256 double matrix or two 
acquisitions and a 256 X 256 matrix. In both sequences, 
section thickness was 5 mm with an intersection gap of 1 
mm. MR images were analyzed retrospectively to determine 
the signal characteristics of the "normal" thyroid bed after 
thyroidectomy and recurrent tumors, respectively, on T1-
weighted and T2-weighted images. A lymph node larger 
than 10 mm in diameter was considered abnormal. Signal 
intensities of tissue were defined qualitatively as follows; 
high-intensity tissues were those with signal equal to or 
greater than that of fat ; medium-intensity tissues were 
those with signal greater than that of muscle but less than 
that of fat ; and low-intensity tissues were those with signal 
equal to or less than that of muscle. 201 Tl scintigraphy was 
obtained after an intravenous injection of 74 MBq of [201 Tl] 
chloride. Neck scans and chest scans were performed 10 
minutes after the injection by the use of a gamma-camera 
system (SNC500R; Shimadzu, Kyoto, Japan), equipped 
with a low-energy , high-resolution collimator with 20% 
windows. The acquisition time was 10 minutes. 20 1TI scin
tigraphy was read as positive when increased focal activity 
was present with respect to background activity. 
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Results 

A comparison of the results of MR images and 
201 TI scintigraphy is summarized in Table 2. 
Among 51 recurrent tumors, 39 were detected 
with MR imaging and 24 were detected with 201 TI 
scintigraphy. MR images and 201 TI scintigraphy 
were equally sensitive in detecting recurrent tu
mors in the remnant lobe (three of three). On the 
other hand, MR images were more sensitive than 
201 TI scintigraphy in detecting recurrent tumor in 
the lateral neck (MR images, 21 of 32; 201 TI 
scintigraphy, 10 of 32), paratracheal area (MR 
images, 10 of 12; 201 TI scintigraphy, 7 of 12), and 
mediastinum (MR images, four of four; 201 TI scin
tigraphy, three of four) . This difference was de
pendent on the size of the tumors {Fig 1 ). Both 
MR images and 201 TI scintigraphy were sensitive 
in detecting large tumors (larger than 20 mm in 
the greatest diameter). All 12 tumors larger than 
20 mm were detected with MR images. 201 Tl 
scintigraphy could detect 10 of these 12 tumors 
(20 to 30 mm, five of seven; 30 to 40 mm, four 
of four; >40 mm, one of one). Twenty-seven of 
39 tumors smaller than 20 mm were detected 
with MR images (<5 mm, zero of three; 5 to 10 
mm, zero of eight; 10 to 15 mm, nine of 10; 15 
to 20 mm, 18 of 18). In these tumors, 201 Tl 
scintigraphy could detect only 14 tumors (<5 
mm, zero of three; 5 to 10 mm, zero of eight; 10 
to 15 mm, one of 10; 15 to 20 mm, 13 of 18). 

TABLE 1: Materials 

Characteristics No. of Lesions 

Recurrent tumor 

Lateral neck 

Para tracheal 

Mediastinum 

Remnant 

Nontumorous postoperative thyroid bed 

Confirmed by surgery 

Confirmed by fine-needle aspiration 
biopsy 

Total 

51 

32 

12 

4 

3 

26 

16 

10 

77 

TABLE 2: Comparison of results with MR imaging and 201TL 
scintigraphy 

No. of No. Positive No. Positive 
Lesions with MR with 201TL 

Recurrence 51 39 24 
Lateral neck 32 21 10 
Para tracheal 12 10 7 
Mediastinum 4 4 3 
Remnant 3 3 3 

Nontumorous thyroid bed 26 0 0 
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MR images were more sensitive than 201 TI scin
tigraphy in detecting small recurrent tumors 
(smaller than 20 mm), and 201 TI scintigraphy 
could not detect the recurrent tumors that were 
smaller than 15 mm in the largest diameter. The 
true-positive rate, false-negative rate, true-nega
tive rate, and false-positive rate in detecting re
current thyroid cancer were 76.5, 23.5, 100, and 
0%, respectively, for MR imaging and 47.1, 52.9, 
100, and 0%, respectively, for 201 TI scintigraphy. 

Figures 2 and 3 show the signal intensity of 
recurrent tumor and normal thyroid bed after 
thyroidectomy on T1- and T2-weighted images, 
respectively. On T1-weighted images, 28 of 39 
recurrent tumors showed medium intensity, four 
tumors showed low intensity, and seven tumors 
showed high intensity. On T2-weighted images, 
recurrent tumors demonstrated a high-intensity 
mass in 34 tumors and a medium-intensity mass 

35 

0 5 

THYROID CANCER 1053 

10 15 

No. of lesions 

!illlJ Recurrence (n=39) 

D Thyroid bed (n=26) 

20 25 30 

Fig. 1. Correlation between size of recurrent tumor and the 
number identified with MR images of 201 TI scintigraphy. 

Fig. 2. Signal intensity of recurrent tumor and normal thy
roid bed after thyroidectomy on Tl-weighted images. 

Fig. 3. Signal intensity of recurrent tumor and normal thy
roid bed after thyroidectomy on T2-weighted images. 

in five tumors . Recurrent tumor was characterized 
on MR images by medium to high intensity on 
Tl-weighted images and high intensity on T2-
weighted images ... (Figs 4 and 5). The normal 
thyroid beds after thyroidectomy demonstrated 
low intensity in 20 sites and medium intensity in 
six sites on T1-weighted images and low intensity 
in 25 sites and medium intensity in one site on 
T2-weighted images (Figs 2 and 3). The normal 
thyroid bed after thyroidectomy without recur
rence was characterized by a small peritracheal 
rim of low-intensity tissue on T1-weighted and 
T2-weighted images (Figs 6 and 7). 

Discussion 

The differentiation of recurrent tumor from 
postoperative scar tissue is important in the care 
of patients who have undergone prior surgery for 



1054 OHNISHI 

A 
Fig. 4 . Spin-echo 500/ 20 (A) and 2300/80 (B) MR images 

with surface coil for the neck. Recurrent tumor (arrows, right 
paratracheal lesion) after subtotal thyroidectomy for papillary 
carcinoma. The tumor shows medium intensity on Tl-weighted 
images (A) and high intensity on T2-weighted images (B). 201 TI 
scintigraphy (C) shows accumulation in the right paratracheal 
tumor and left remnant lobe. Accumulation in the remnant lobe 
was related to adenomatous goiter with cystic degeneration, 
confirmed by r.urgery. 

malignant tumors. In the mediastinum, abdomen, 
and pelvis, recurrent tumor and fibrous tissue 
could be differentiated in MR images (10, 11). 
Aufermann et al reported the usefulness of MR 
imaging for detecting recurrent thyroid cancer, 
and they concluded that recurrent thyroid cancer 
and postoperative fibrosis could be differentiated 
MR imaging (3). That report stated that the re
currence of cancer was characterized by low to 
medium signal intensity on T1-weighted images 
and medium to high intensity on T2-weighted 
images. Fibrous tissue after surgery showed low 
intensity on both T1-weighted and T2-weighted 
images (3, 10, 11 ). In our study, recurrent tumor 
showed various intensity on T1-weighted images 
and medium to high intensity on T2-weighted 
images. Fibrosis in the normal thyroid bed after 
surgery had low intensity on both T1-weighted 
and T2-weighted images. A high-intensity mass 

c 
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8 

on T2-weighted images strongly suggested recur
rent tumor, whereas a low-intensity structure 
surrounding the trachea on both T1- and T2-
weighted images suggested postoperative fibrous 
tissue. The results of this study are generally in 
agreement with the results of previous reports. 
We think that MR images, especially T2-weighted 
images, are effective in distinguishing recurrent 
tumor from scarring in the normal thyroid bed 
after thyroidectomy. 

In our study, seven recurrent tumors showed 
high intensity on T1-weighted images. Usually, 
thyroid cancer showed low to medium intensity 
on T1-weighted images (1-3). This discrepancy 
may be explained by bleeding, which was caused 
by fine-needle aspiration biopsy before MR ex
amination in our study. 201 Tl scintigraphy was 
also effective in distinguishing large recurrent 
tumor (larger than 20 mm in the largest diameter) 
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8 
Fig. 5. Spin-echo 400/15 (A) and 2250/80 (B) MR images wltn 

surface coil. Recurrent papillary adenocarcinomas (arrows) in the cervi
cothoracic junction showed medium or high intensity on T1 -weighted 
images (A) and high intensity on T2-weighted images (B). The fine
needle aspiration biopsy was done before the MR study in this patient. 
High intensity on T1-weighted image may be explained by bleeding 
caused by the fine-needle aspiration biopsy . Abnormal accumulation in 
these tumors was not observed on 20 1TI scintigraphy (C). 

8 
Fig. 6. Spin-echo 400/15 (A) and 2400/ 80 (B) MR images with surface coil. Postoperative fibrous tissue (arrows) shows low intensi ty 

on both T1- and T2-weighted images. 

from normal thyroid bed after thyroidectomy. 
Other methods for monitoring thyroid cancer, 
such as 1311 scintigraphy and ultrasonography, do 
not allow differentiation of local recurrent tumor 
and paratracheal tumor from the postoperative 
thyroid bed (5, 8 , 9). We believe that MR images 
and 201 TI scintigraphy are the most useful meth-

ods for the evaluation of local recurrence and 
paratracheal tumor. 

Opinions on the efficiency of MR images for 
the diagnosis of recurrent thyroid cancer have 
varied. Beierwaltes did not use computed tomo
graphic scanning and MR imaging in patients who 
had modified neck dissection because most of 
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Fig. 7. Spin-echo 500/ 20 (A) and 2000/ 80 (B) MR images of scarring in the left thyroid bed (arrow) after left thyroidectomy for 
papillary thyroid carcinoma. Fibrous tissue shows low intensity on both Tl- and T2-weighted images. 

them showed enlarged nodes that are usually 
read as "benign lymphocytic hyperplasia" ( 12). 
Although it is true that MR may not differentiate 
recurrent tumor from inflammatory lymphoid hy
perplasia (3), all recurrent tumors in our patients 
who had modified radical neck dissection showed 
enlarged nodes by MR images, which we inter
preted as neoplastic because the perithyroidal and 
cervical lymphatic system is a common site of 
recurrence (13). 

Although 201Tl scintigraphy has been reported 
as a potential means of monitoring patients with 
DTC who have undergone total or subtotal thy
roidectomy, we believe that MR imaging is more 
useful than 201 Tl scintigraphy in the evaluation of 
small tumors. MR images were more sensitive 
than 201 Tl scintigraphy for detecting recurrent 
DTC. 201 Tl scintigraphy has several advantages 
over 13 11 scintigraphy. It does not require post
operative ablation therapy with 1311 and thyroid 
hormone withdrawal. The radiation exposure of 
20 1Tl is smaller than that of 13 11. Because of these 
advantages, 201Tl scintigraphy has been used in 
our hospital in the follow-up evaluation of DTC 
patients who have undergone subtotal thyroid
ectomy and modified radical neck dissection. The 
sensitivity for 201 Tl detection of residual or recur
rent DTC is variously reported as 45 to 94% (4-
7). Ramana et al reported that 201Tl was more 
sensitive than 1311 diagnostic (185 MBq) studies 
for the detection of DTC (5). The lowest sensitiv
ity reported by Brendel et al was 45% (4). Brendel 
et al reported that 131 1 therapeutic (3,700 to 5,550 
MBq) studies were more sensitive than 201 Tl scin
tigraphy, and therefore, 201 Tl scintigraphy could 
not be recommended as the only modality for 
the follow-up of DTC patients. However, they 

described some tumor sites negative with 1311 to 
be positive with 201 Tl (especially metastatic cer
vicomediastinal nodes). 

In our study, 201 Tl scintigraphy had a high true
negative rate (100%) but a low true-positive rate 
(47.1 %). The tumor sites of our study were 
mainly cervicomediastinal nodes. Lung, bone, 
and liver metastasis, which were said to be diffi
cult to detect by 201 Tl scintigraphy, did not figure 
in this study. Two reasons for our low true
positive rate for 201 Tl detection of recurrence are 
considered. First, 32 of 38 recurrent tumors that 
were evaluated in this study were smaller than 20 
mm. We think that 201 Tl scintigraphy is not sen
sitive for detecting small tumors. If the single 
photon emission computed tomography tech
nique were added as part of 201 TI sCintigraphy, 
detection of small recurrent tumors might be 
possible. In lung cancer, Tonami et al demon
strated small (15 X 10 X 10 mm) adenocarcino
mas that were clearly identified on 201 Tl single 
photon emission computed tomo~raphy (14). 
Second, most previous studies with 01 Tl scintig
raphy used a higher dose of 201 Tl (111 to 185 
MBq) than was used in our study (7 4 MBq). The 
dose of tracer in scintigraphic studies is an im
portant factor for the quality of the image. 201Tl 
scintigraphy for thyroid cancer in Japan is usually 
performed with 74 MBq of 20 1Tl. Recently, lida et 
al reported high sensitivity for detecting recur
rence with 7 4 MBq of 20 1Tl (6). 

In conclusion, MR images and 201 Tl scintigra
phy were both effective in distinguishing recur
rent DTC from postoperative fibrosis. This is an 
advantage over 13 11 scintigraphy, ultrasonog .. 
raphy , and palpation. MR images were more 
sensitive than 201 Tl scintigraphy for the detection 
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of recurrent DTC. We believe that MR imaging is 
more useful than 201 TI scintigraphy in the follow
up evaluation of patients after neck surgery for 
DTC. 
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