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Abstract
Residual thyroid tissue after total thyroidectomy in differentiated thyroid cancers is considered an independent risk factor 
for recurrence. Guidelines recommend following up patients after surgery with thyroglobulin (Tg), neck ultrasonography, 
and occasionally whole-body radioactive scan. However, the results of serum thyroglobulin and whole-body radioiodine 
scan are often discordant. The present study was undertaken to determine the levels of serum-stimulated thyroglobulin to 
complement the findings of residual thyroid tissue in the radioactive whole-body scan. One hundred twenty-six patients 
had undergone a radioiodine (131 I) whole-body scan (WBS) during the study duration, and 121 were available for analysis. 
The thyroglobulin level (measured by the CLIA method) was recorded at the time of these scans. The data was analysed to 
determine the level of stimulated thyroglobulin correlating with residual thyroid tissue, locoregional, and distant metastasis 
as assessed by WBS. The presence of residual thyroid tissue was noted in an overwhelmingly high 94% of cases. Twenty-four 
of the 28 patients with stimulated Tg < 2 ng/dl had residual thyroid tissue on a WBS. The discordancy rate (positive moderate 
— large WBS and negative serum thyroglobulin) of 64.28% was seen. Using ROC the serum thyroglobulin cut-offs levels 
for the loco-regional disease were found to be 27.705 ng/dl and 94.770 ng/dl for distant metastasis. The results highlight the 
fact that serum Tg levels cannot be used as an accurate predictor of the extent of the remnant thyroid tissue. Irrespective of 
the quality of surgery, which was analysed based on the centre and surgical specialty, over 90% of cases had residual thyroid 
tissue on WBS. The use of only stimulated Tg levels for follow-up may be inaccurate. Serum Tg is a useful test along with 
radioactive whole-body scans to distinguish local disease, loco-regional disease, and distant metastasis.
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Introduction

The residual thyroid tissue after total thyroidectomy in cases 
of differentiated thyroid cancers can harbour a high risk of 
malignancy. This residual tissue is an independent factor 
for disease recurrence. The residual thyroid tissue is com-
monly detected on a postoperative diagnostic 131 I radioac-
tive iodine whole-body scans (RAI WBSs). Once detected it 
has a significant impact on the treatment outcomes that can 
alter the decision making [1].

The surveillance after a total thyroidectomy today is 
based on stimulated thyroglobulin (Tg), neck ultrasonog-
raphy (USG), and WBS. The postoperative risk stratifica-
tion is based on a dynamic model dependent on stimulated 
Tg [2]. Serum Tg is a large (660 kDa) dimeric glycopro-
tein produced by the follicular cells of the thyroid gland 
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and provides an estimation of functional thyroid tissue. It 
is anticipated that the larger the residual functional thyroid 
tissue, the higher should be the Tg levels. In practice, this 
relationship is not linear and often there is a variation [3].

There are instances of missed diagnosis of recurrence in 
low-risk patients during follow-up when only serum Tg lev-
els. This undermines the reliability of using stimulated Tg or 
serum anti-Tg as a sole marker for disease risk stratification 
and monitoring. The variability also needs to be assessed 
with relevance in the Indian context as other factors may 
contribute to different results from western countries.

The current study evaluated and compared the relation-
ship between stimulated serum Tg after total thyroidectomy 
in differentiated thyroid cancer with the extent of functional 
residual thyroid tissue on the whole-body radioactive scan.

Materials and Methods

The present study was approved by the Institutional Review 
Board at our institution. This was a prospective single-
arm study. Patients with a histopathological diagnosis of 
DTC who had undergone total thyroidectomy at our cen-
tre or referred to our centre after total thyroidectomy for a 
whole-body iodine scan from April 2017 to April 2018 were 
included in the study.

All the patients underwent a WBI scan only if the TSH 
was more than 30 mIU/ml. All the patients underwent (131I) 
whole-body radioactive scan (planar imaging) 24 h after oral 
administration of 111 MBQ of I-131. The images were cat-
egorised based on the extent and intensity of residual thyroid 
tissue by two experienced nuclear medicine physicians and 
results derived by consensus between the two into a visual 
tissue burden scale. The scale was based on visual evaluation 
of the intensity of residual thyroid tissue and ranged from 
tissue burden 0–2 {tissue burden 0, no residual thyroid tis-
sue; 1, small and minimal intensity, minimal thyroid tissue; 
2, moderate or large thyroid tissue} (Fig. 1) [4].

The serum Tg levels were recorded at the time of the 
RAI scan and analysed. The measurements were done by 
the electrochemiluminescence method (ECLIA) calibrated 
against the international standard CRM 457. The functional 
sensitivity of the assay is 0.04 ng/ml. The same assay has 
been used for all the patients included in the study. The dose 
of I 131 for therapeutic purpose was variable depending on 
the extent of residual tissue.

Statistical Analysis

The data was analysed using IBM SPSS 20.0 and Micro-
soft Office 2010 software. The cut-off values were found 
using ROC curves. Frequencies and proportions were used 

to describe categorical variables (sex, histology type) and 
metastasis (locoregional and distant).

Results

A total of 126 patients underwent whole-body radioiodine 
scan during the period from 1st April 2017 to 30th April 
2018. Out of these patients, serum Tg levels before whole-
body radioiodine scans were not available for 5 patients. 
The total number of patients for the final analysis is 121 
patients. The average age was 44.15 years ranging from 16 
to 68 years.

Fifty-one patients had undergone a central compartment 
clearance or lateral neck dissection or both in addition to 
a total thyroidectomy/completion thyroidectomy (Table 1). 
The tissue located in the thyroid bed was considered to be 
thyroid remnant. The tissue in the lateral aspect of the neck 
was considered lymph node metastasis. Residual thyroid 
tissue was present in the WBS scan in 113 patients (94%). 
Fifteen patients had minimal residual tissue (12.4%), 98 had 
moderate to the large residue (81%) (Fig. 2). Six patients had 
distant metastasis (lung/bone) on WBS, and 17 of the 121 
patients had regional metastasis (Table 2). All patients with 
residual thyroid tissue (113 of the 121) underwent ablation 
for the residual disease.

A total of 28 patients in our study had residual thyroid 
tissue despite having serum Tg levels < 2 ng/dl. Eighteen 
of them had moderate to large residual thyroid tissue, 6 
had minimal residual thyroid tissue, and 4 had no residual 
tissue in the thyroid bed (Table 3 and Fig. 3). Based on 
the ROC curve, the cut-off values of serum Tg for loco-
regional metastasis and distant metastasis are 27.705 ng/
dl and 94.77 ng/dl, respectively. Fifty-eight cases were 
operated in tertiary care private hospitals (47.9%), 27 in 
medical colleges (22.4%), and 36 in tertiary cancer centres 
(29.7%). Fifty-nine patients were primarily operated by sur-
gical oncologists (48.7%) and rest by head and neck sur-
gical oncologist, otolaryngologists, and general surgeons. 
The patients who had residual thyroid tissue despite having 
serum Tg levels < 2 ng/dl were operated by surgical oncolo-
gists in 50% of cases.

Discussion

The incidence of differentiated thyroid cancer has increased 
in the last decades. The majority of these are small tumours, 
and the trend has been attributed to rampant use of USG [5, 
6]. The majority of these incidentally detected asymptomatic 
patients are low risk. And according to the American Thy-
roid Association (ATA) guidelines [2], these patients are 
managed with surgery and use of radioiodine ablation when 
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indicated. Recommendations are to follow them up with 
serum Tg levels and neck sonograms. Radioactive iodine is 
not recommended in this group.

Serum Tg is an indicator of the amount of functional thy-
roid tissue present in the body. However, several studies have 
shown wide variability in the values. This variation can be 
attributed to the presence of residual thyroid tissue even after 
the patient has undergone a total thyroidectomy [3].

The completeness of total thyroidectomy has been contro-
versial. Despite the removal of all macroscopic gross thyroid 
tissue, the radioiodine uptake may be evident in the thyroid 
bed and estimated to be as high as 52% [2]. The high rate 
of RAI uptake following thyroidectomy could be because 
the surgeon missed to include the superior and pyramidal 
poles [7]. The area of the posterolateral suspensory liga-
ment of berry may be another problematic area [8]. The 
patient population in our study was operated upon by well-
trained surgeons and at tertiary care centres. Despite this 
residual thyroid tissue as detected on the RAI scan was 

overwhelmingly high at 94%. On subset analysis, the distri-
bution of the patients based on the operating surgeon and the 
treating hospital showed no such correlation with the pres-
ence or absence of the residual thyroid tissue. It is prudent 
to understand if this uptake is of clinical significance. In our 
patient population, this was in fact due to the residual thyroid 
tissue in most cases. The presence of this residual thyroid 
tissue may interfere with the measurements of serum Tg 
during follow-up. This raises the question of whether only 
serum Tg and sonogram be sufficient in low-risk patients 
who have undergone total thyroidectomy without radioio-
dine ablation.

The false-negative rates of Tg assays have been attrib-
uted to technical problems, heterogeneity of circulating Tg, 
inadequate TSH stimulation, interference with anti-Tg anti-
bodies, small tumour mass-producing low Tg, and “hook 
effect” which implies falsely low response in presence of a 
high concentration of Tg [8, 9]. In our study, out of the 28 
patients who had simulated serum Tg < 2 ng/dl, 18 of them 

Fig. 1   Whole-body radioactive iodine scan with residual thyroid tissue
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showed residual thyroid tissue of moderate to large extent 
in the thyroid bed. This suggests that serum Tg may not be 
a reliable estimate of the amount of residual thyroid tissue 
in the body.

The level of circulating anti-Tg antibodies ranges from 
10 to 25%. Anti-Tg levels were not measured in all cases 
and are one of the limitations of our study. However, 
this alone cannot explain the high levels of discordance 
seen between the level of serum Tg and the presence of 
residual thyroid tissue. We suggest future studies should 

include anti-Tg as a standard parameter to draw better 
conclusions.

Wide variability exists in the values of serum Tg meas-
ured post total thyroidectomy [10]. In our study, the cut-
off values of serum Tg ascertained for locoregional and 
distant metastasis were 27.7 ng/dl and 94.8 ng/dl, respec-
tively. There has, however, been no consensus regard-
ing the cut-offs for locoregional and distant metastasis. 
These cut-off values may assist in planning surveillance 
strategies.

Studies have shown a discordancy rate from 4 to 47% 
(positive WBS and negative Tg levels) between serum Tg 
and WBS scan [4–6]. In our study, the discordance rate 
was much higher at 64.28% (positive moderate — large 
WBS and negative serum Tg). Phan et al. [11] had shown 
that serum Tg levels may not be the only factor to be deter-
mined to assess for the disease status of the patient. This 
incongruence has been well highlighted in our study.

Like most global health systems, even in India surgeons 
from different surgical specialties treat thyroid cancers. 
Our study included patients who were treated at different 
tertiary care centres and were operated upon by qualified 
and well-trained surgeons. Yet, residual thyroid tissue was 
picked up in the WBS in over 90% of patients. This find-
ing is cardinal and may reflect the true picture globally 
and designates the need for a WBS in all patients despite 
the risk status.

There are several limitations to this study. The patients 
have not been followed up to detect recurrences, and 
hence, the clinical significance of the findings needs to be 
further investigated. The measurement of serum anti-Tg 
antibodies has not been done in all cases. All the patients 
have not been operated by a single surgeon. This may also 
add to the variation seen in the residual thyroid tissue.

Conclusion

Serum Tg values with the heightened functional sensitiv-
ity available at present times may not serve as a marker 
of the amount of remnant thyroid tissue as shown in our 
study. This finding is crucial considering the current rec-
ommendations, which suggest follow-up with serum Tg 
and sonographic examination. This can lead to a missed 
diagnosis of residual thyroid tissue. The other pertinent 
issue is whether the removal of all residual thyroid tissue 
can be achieved or not. A combination of imaging studies 
like USG and WBS scan may be of value while following 
up patients of differentiated thyroid cancer.

Table 1   Patient demographics and disease distribution

Demographics n = 121 (%)

Gender
  Male 34 (28.1)
  Female 87 (71.9)

Hospital where operated/treated
  Private 58 (47.9)
  Medical College and Government Hospitals 27 (22.4)
  Cancer Centre 36 (29.7)

Speciality
  Surgical oncologist (including head and neck surgical 

oncologist)
59 (48.7)

  Otolaryngologist 19 (15.7)
  General surgeons 43 (35.3)

Clinical stage
  Stage I 96 (79.3)
  Stage II 10 (8.3)
  Stage III 14 (11.5)
  Stage IV 1 (0.8)

Surgery
  Thyroidectomy 70 (57.8)
  Thyroidectomy + neck dissection 51 (42.2)

Metastasis
  Regional (including level VII) 17 (14)
  Distant 6 (4.9)

Postoperative risk category
  Low 10 (8.3)
  Intermediate 29 (23.9)
  High 82 (67.8)

Tissue burden on WBS
  No residual thyroid tissue (0) 8 (6.6)
  Minimal residual thyroid tissue (1) 15 (12.4)
  Moderate or large residual thyroid (2) 98 (80)

Optimum cut off points of serum thyroglobulin (ng/dl)
  Loco-regional 27.70500
  Distant 94.77000
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Fig. 2   Distribution of thyroid 
tissue as observed in whole-
body iodine scan

Table 2   Clinico-pathological details of patients with distant metasta-
sis on WBS

Subset Analysis (stimulated Tg < 2 ng/dl) n = 28 (%)

Speciality
  Surgical oncologist (including head and neck surgical 

oncologist)
14 (50)

  Otolaryngologist 5 (17.8)
  General surgeons 9 (32.2)

Tissue burden on WBS
  No residual thyroid tissue (0) 4 (14.3)
  Minimal residual thyroid tissue (1) 6 (21.4)
  Moderate or large residual thyroid (2) 18 (64.3)

Table 3   Subset details of patients with Stimulated Tg < 2 ng/dl

Clinical TNM Postoperative 
risk category

Site of distant metasta-
sis detected preopera-
tively

Thyroglobulin
(ng/ml)

Remnant tissue 
burden (Score)

Neck and mediastinal 
lymph node status in 
WBS scan

Site of distant metas-
tasis in WBS scan

1 T3N1bM0 High None 8662 2 Neck and mediastinal 
nodes

Bilateral lung metas-
tasis

2 T2N1bM0 Intermediate None 554.77 2 None Bilateral lung metas-
tasis

3 T3N1bM0 High None 175.6 2 Unilateral neck nodes Bilateral lung metas-
tasis

4 T3N1aM0 High None 1160 2 Mediastinal nodes Lungs
5 T2N1aM0 High None 41.4 1 Bilateral neck and 

mediastinal nodes
Bilateral lung metas-

tasis
6 T4aN1bM1 High Bilateral Lung 13,473.12 2 Bilateral neck nodes Multiple
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Fig. 3   Distribution of residual 
thyroid tissue with stimulated 
thyroglobulin < 2 ng/dl
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