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Factors Affecting Endogenous Thyroid-stimulating Hormone Rise
after Thyroxine Withdrawal in Preparation for I-131 Whole-body

Scan for Patients with Differentiated Thyroid Carcinoma
SM Chow,1 TS Choy,1 CG Morris,2 CK Kwan,1 PCM Poon,1 CC Shek,3 WM Mendenhall,2

SCK Law1

INTRODUCTION
In patients with differentiated thyroid carcinoma (DTC),
radioactive iodine (RAI) is useful for both scanning
and treatment. For whole-body scanning (WBS) using
RAI, patients have to withdraw from thyroxine (T4) for
4 to 6 weeks to achieve the desired level of thyroid-
stimulating hormone (TSH) of >30 mIU/L, considered
to be the prerequisite for optimal uptake of RAI after
total or near-total thyroidectomy.1 Most guidelines
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ABSTRACT
Objective: To assess the factors affecting thyroid-stimulating hormone level after thyroxine withdrawal in
preparation for radioactive iodine whole-body scanning for patients with differentiated thyroid carcinoma.
Patients and Methods: This was a single-institute prospective study of 142 patients with differentiated thyroid
carcinoma scheduled for whole-body scanning. All patients were athyreotic after thyroidectomy and radio-
active iodine treatment. Serial serum free thyroxine and thyroid-stimulating hormone levels were checked at
weeks 0, 2, 3, and 4.
Results: The mean serum thyroid-stimulating hormone level increased gradually after thyroxine withdrawal
from 3.7 mIU/L (SD, 9.3 mIU/L) at week 0 to 39.7 mIU/L (SD, 38.0 mIU/L) at week 2, 93.0 mIU/L (SD,
56.0 mIU/L) at week 3, and 146.2 mIU/L (SD, 72.7 mIU/L) at week 4. The increase was greater in the last 2
weeks. A thyroid-stimulating hormone level of 30 mIU/L was reached in 92.9% of patients at 3 weeks and
the mean time to attain this level was 18 days. Multivariate analysis showed that factors affecting the rise of
thyroid-stimulating hormone were duration of thyroxine withdrawal (p < 0.0001), age (p = 0.04), and degree of
thyroid-stimulating hormone suppression before thyroxine withdrawal (p < 0.0001).
Conclusions: To improve the acceptance of whole-body scanning by patients, it is feasible to change the
protocol of thyroxine withdrawal prior to whole-body scanning from 4 to 6 weeks to 3 weeks. By that time,
92.9% of patients may attain a thyroid-stimulating hormone level of >30 mIU/L.
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recommend T4 withdrawal of 4 to 6 weeks.2,3 This pre-
paration usually results in significant symptoms of
hypothyroidism, which is especially debilitating for
young working adults. In a study of T4 withdrawal for
diagnostic WBS, 92% of patients had symptomatic
and 85% had multi-symptomatic hypothyroidism.4

The median absence from salaried work was 11 days
per withdrawal.

An alternative is to replace T4 by triiodothyronine (T3),
which has a shorter half-life, for 2 weeks and then
to withdraw T3 for 2 weeks. A new approach is the use
of recombinant human TSH (rhTSH). It has been shown
that rhTSH, in comparison to T4 withdrawal, can main-
tain quality of life (QOL)5 and is equally efficient in the
monitoring of stimulated thyroglobulin/RAI scanning6
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and in thyroid remnant ablation.5 However, rhTSH
is not provided as a standard item by the Hong Kong
Hospital Authority.

At the Queen Elizabeth Hospital, Hong Kong, RAI has
become an integral part of the management of patients
with DTC, with nearly 90% of patients receiving RAI.7

As T3 is not available at the Queen Elizabeth Hospital
and rhTSH is too expensive for routine use, it is perti-
nent to investigate whether the period of T4 withdrawal
can be shortened and to identify factors that may affect
TSH changes with T4 withdrawal.

Several studies report that serum TSH rapidly reaches
the level of >30 mIU/L at a mean of 17.0 to 18.1 days8,9

after T4 withdrawal. Therefore, it seems that a simple
reduction of the T4 withdrawal time could be adopted.
This would reduce the duration of hypothyroidism
and improve patient acceptance of whole body scan-
ning. The Queen Elizabeth Hospital is a tertiary
referral centre for the management of patients with
oncological conditions. Approximately 100 new pa-
tients with DTC are referred annually, and WBS after
RAI ablation is a routine practice. This study was per-
formed to assess the factors affecting TSH level after
T4 withdrawal in preparation for RAI WBS for patients
with DTC.

PATIENTS AND METHODS
This was a prospective study of 142 consecutive pa-
tients with DTC scheduled for WBS. All patients
had undergone total or near-total thyroidectomy fol-
lowed by RAI treatment. According to the protocol,
patients underwent T4 withdrawal for 4 weeks prior
to WBS. The serum levels of free T4 (fT4) and TSH
during T4 withdrawal were checked at weeks 0, 2, 3,
and 4. The normal ranges of fT4 and TSH at the Queen
Elizabeth Hospital are 12.0 to 22.0 pmol/L and 0.27 to
4.2 mIU/L, respectively. Both fT4 and TSH were meas-
ured by electrochemiluminescence immunoassays
(Elecsys; Roche Diagnostics, Mannheim, Germany).
Between run coefficients of variation (CV) for fT4
were 4.3% at 10.9 pmol/L and 4.0% at 37.0 pmol/L. The
between run CVs for TSH were 5.6% at 0.16 mIU/L
and 2.5% at 28.7 mIU/L. According to the protocol,
patients with a low risk of relapse receive thyroxine ‘re-
placement’ to keep the TSH within the normal range.
They do not receive a ‘suppressive’ dose of thyroxine.
A parallel study of the effect of T4 withdrawal on QOL
of 78 patients was also undertaken.10 Informed consent
was obtained from all patients.

Statistical Analysis
Multivariate analysis of variance was used to test the
factors that might affect the change of serum TSH level.
The change of serum TSH was defined as absolute
individual TSH change within the defined time of T4
withdrawal: week 0 versus week 2, week 2 versus week
3, and week 3 versus week 4. An overall time effect
was also calculated by MANOVA. Repeated measures
analysis was used for the correlation of TSH measure-
ments for each patient. The chi-squared test was
used to compare the percent of patients attaining TSH
>30 mIU/L with relevant factors. Significance levels
are presented as p values, whereby a p value <0.05 is
considered statistically significant. The Statistical
Package for the Social Sciences 11.5 software (SPSS,
Inc, Chicago, USA) and Java Memory Profiler software
(SAS, Inc, Cary, USA) were used for the data analyses.

RESULTS
142 consecutive patients were enrolled and under-
went 516 blood tests between 6 December 2002 and
5 December 2004. 105 patients completed all 4 sched-
uled blood tests before WBS. The demographic data
of the patients are shown in Table 1. The mean age at
WBS was 47.5 years (SD, 13.9 years; range, 15.2 to
81.3 years). All patients were athyreotic after thyroid-
ectomy and RAI ablation. The mean dose of RAI was
117 mCi (SD, 122 mCi; range, 60 to 830 mCi). The
majority of the patients were Chinese (97.2%). The pro-
tocol for WBS was to withdraw T4 for 4 weeks. Then,
80 MBq of RAI was administered orally as a tracer
dose and the uptake of RAI was measured at 72 hours.
Most patients had either very low or negligible uptake
(mean, 0.097%; median, 0.05%; SD, 0.15%; range,
0.006% to 1.14%).

Prior to T4 withdrawal, the mean daily dose of oral T4
was 0.14 mg (SD, 0.02 mg; range, 0.1 to 0.2 mg) and
the mean serum TSH was 3.7 mIU/L (SD, 9.3 mIU/L).
Figure 1 shows that after T4 withdrawal, the mean
serum TSH level increased gradually. The correspond-
ing change in mean serum fT4 is shown in Figure 2.
The mean serum fT4 level decreased gradually
from 22.4 pmol/L at week 0 to 6.3 pmol/L at week 2,
3.6 pmol/L at week 3, and 2.1 pmol/L at week 4. The
mean serum TSH level increased accordingly from
3.7 mIU/L (SD, 9.3 mIU/L) at week 0 to 39.7 mIU/L
(SD, 38.0 mIU/L) at week 2, 93.0 mIU/L (SD, 56.0 mIU/L)
at week 3, and 146.2 mIU/L (SD, 72.7 mIU/L) at week
4. The percent of patients attaining a TSH level of
>30 mIU/L increased with the duration of T4 withdrawal
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from 53.2% at week 2 to 92.9% at week 3 and 99.3%
at week 4. The change was significant from week 2 to
week 3 (p = 0.009) but not from week 3 to week 4. The
mean time to achieve a TSH level of >30mIU/L was
18 days. The change in mean TSH was greater in
the latter period of T4 withdrawal: 102.5 mIU/L (SD,
54.8 mIU/L) from week 2 to week 4 compared with
34.7 mIU/L (SD, 33.8 mIU/L) from week 0 to week 2.

Multivariate analysis showed that the factors that affect
TSH rise after T4 withdrawal are duration of T4 with-
drawal (p < 0.001), age (p = 0.04), and TSH at week 0
(p < 0.001) [Table 2]. Younger patients had the greatest
rise in TSH. The mean TSH at week 4 was 192 mIU/L
for patients younger than 30 years (the highest among
all the age groups), while the corresponding value for
patients older than 60 years was only 125.3 mIU/L.
Within the different age groups, the rate of TSH
rise was not different. The TSH level at week 0 (before
T4 withdrawal) affected the rate of TSH rise after

T4 withdrawal. For patients with suppressed TSH
(<0.27 mIU/L), the TSH rise was the fastest.

Overall, 92.9% of patients attained a TSH level of
>30 mIU/L within 21 days. From a point estimate of
the regression graphs, the mean time for patients to
attain a TSH level of >30 mIU/L was 2 weeks. For
the oldest group of patients (older than 60 years), the
mean time to achieve a TSH level of >30 mIU/L was
2.5 weeks. For the youngest age group (younger than
30 years), the mean time to achieve a TSH level of
>30 mIU/L was 2 weeks. Sex and distant metastasis
did not affect TSH change.

The percent of patients attaining a serum TSH of
>30 mIU/L is tabulated according to different subgroups

Table 1. Demographics of the study population (n = 142).

Number of patients (%)

Ethnicity
     Chinese 138 (97.2)
     Filipino 2 (1.4)
     Nepalese 1 (0.7)
     Indian 1 (0.7)
Sex
     Female 110 (77.5)
     Male 32 (22.5)
Histology
     Papillary carcinoma 127 (89.4)
     Follicular carcinoma 15 (10.6)
Age (years)
     <30 12 (8.5)
     30-<45 56 (39.4)
     45-<60 49 (34.5)
     ≥60 25 (17.6)
Stage at diagnosis*
     I 89 (62.7)
     II 8 (5.6)
     III 25 (17.6)
     IVA 14 (9.8)
     IVB 1 (0.7)
     IVC 5 (3.5)
Initial TSH level at week 0† (mIU/L)
     <0.27 73 (53.3)
     0.27-4.2 36 (26.3)
     >4.2 28 (20.4)
Distant metastasis
     Lung 12 (8.5)
     Bone 4 (2.8)
Uptake in WBS
     Negative 119 (83.8)
     Positive 23 (16.2)

* American Joint Committee on Cancer.
† 5 patients did not have blood tests at week 0.
Abbreviations: TSH = thyroid-stimulating hormone; WBS = whole body scan.
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Figure 2. Changes in serum free thyroxine (T4) level with duration
of thyroxine withdrawal (n = 142).

Figure 1. Changes in serum thyroid-stimulating hormone (TSH)
level with duration of thyroxine (T4) withdrawal (n = 142).
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of age and initial TSH level (Table 3). At week 2,
the group of patients older than 60 years had the
lowest TSH rise. Only 28.6% attained a TSH level of
>30 mIU/L, compared with approximately 60% in
the other age groups, although this was not significant.
The initial rise of TSH at week 2 was less in patients
with a suppressed TSH at week 0 (TSH, <0.27). Only
36.2% of these patients achieved a TSH level of
>30 mIU/L compared with 57.7% and 86.4% in the other
2 groups (p < 0.0001). However, at weeks 3 and 4, the
difference was not significant.

DISCUSSION
A serum TSH value of >30 mIU/L is recommended for
optimal uptake of RAI before WBS and for therapy.1,11

Conventionally, 4 to 6 weeks of T4 withdrawal has been
recommended in procedure guidelines.2,3 After short-
term T4 withdrawal, biochemical changes include in-
creases in serum resistin and leptin, a decrease in fasting
glucose and insulin resistance, and a decrease in body
temperature.12 Cardiac function worsens with decreased
diastolic function, cardiac output, heart rate, and systolic
blood flow.13 It is also well recognised that withdrawal
of T4 impairs QOL, especially in terms of physical
well-being.14-16 It has been reported that patients with
thyroid cancer experience the greatest stress during with-
drawal from thyroid hormone.16 The greatest change in
QOL occurs during peak hormone withdrawal and
T4 replacement.17 Apart from the QOL considerations,
societal loss is significant, as an average absence from

Table 3. Percent of patients attaining serum thyroid-stimulating hormone >30 mIU/L.

Thyroxine withdrawal Number of patients Time

Week 2 Week 3 Week 4

Percent of p Value Percent of p Value Percent of p Value
patients patients patients

Overall 142 53.2 92.9 99.3

Age (years) 0.09 0.82 0.26
     <30 12 60.0 100.0 100.0
     30-<45 56 60.5 91.8 100.0
     45-<60 49 56.8 90.5 100.0
     >60 25 28.6 95.7 96.0

TSH level at week 0* (mIU/L) <0.001 0.27 0.46
     <0.27 73 36.2 91.9 100.0
     0.27-4.2 36 57.7 88.2 97.2
     >4.2 28 86.4 100.0 100.0

* 5 patients did not have blood tests at week 0.
Abbreviation: TSH = thyroid-stimulating hormone.

Table 2. Summary of effects of different factors on TSH rise after thyroxine withdrawal by multivariate analysis.

Mean TSH (SD) [mIU/L] Multivariate analysis

Week 0 Week 2 Week 3 Week 4 Overall effect Time effect within group
p Value p Value

Time of T4 withdrawal 3.7 (9.3) 39.7 (38.0) 93.0 (56.0) 146.2 (72.7) <0.0001* <0.0001*
Age (years) 0.04* 0.33
     <30 0.08 (0.1) 28.5 (19.0) 120.5 (50.7) 192.0 (55.8)
     30-<45 2.9 (5.7) 46.8 (43.5) 94.4 (56.2) 149.8 (66.7)
     45-<60 4.3 (13.2) 40.7 (38.6) 93.5 (50.3) 141.6 (58.3)
     >60 5.9 (8.1) 28.8 (29.1) 74.6 (64.9) 125.3 (104.9)
Sex 0.10 0.13
     Female 3.8 (10.0) 37.7 (38.5) 89.7 (55.8) 145.0 (72.1)
     Male 3.5 (5.7) 46.0 (36.8) 103.0 (56.6) 150.2 (75.5)
TSH at week 0 (mIU/L) <0.0001* <0.0001*
     <0.27 0.04 (0.05) 24.3 (18.8) 83.3 (39.2) 141.8 (59.0)
     0.27-4.20 1.5 (1.1) 43.4 (40.8) 94.8 (59.7) 140.8 (57.0)
     >4.20 16.1 (15.1) 67.0 (48.9) 108.2 (76.8) 158.6 (112.5)
Distant metastasis 0.09 0.06
     No 3.8 (9.6) 41.7 (39.3) 94.8 (54.1) 149.0 (70.6)
     Yes 2.5 (4.6) 21.2 (15.6) 76.0 (73.3) 116.5 (90.4)

* p < 0.05.
Abbreviation: TSH = thyroid-stimulating hormone.
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work of 11 days per withdrawal has been reported to be
related to this short-term hypothyroidism.4 Therefore,
it is pertinent to explore the factors that may affect the
rate of TSH rise.

This study found that TSH rise was faster in the second
half of the T4 withdrawal period. The mean time to
attain a TSH level of >30 mIU/L was 18 days, which is
in accordance with reported series of similar figures of
17 days8 and 18.1 days.9 Overall, 92.9% of the patients
in this study attained this level at 3 weeks, although the
percentage was even higher at 4 weeks (99.3%). Other
reports also support the hypothesis that this level can
be achieved in 3 weeks in 90% to 95% of patients.8,9,18

By shortening the period of T4 withdrawal to 3 weeks,
patients would more easily accept this procedure.8

Further reduction of the T4 withdrawal period to 2 weeks
is not recommended, as only 53.3% of patients attained
a TSH level of >30 mIU/L in that time.

While a suppressive dose of thyroid hormone produces
a complex and multiphasic TSH suppression,19 it is
important to know how TSH recovers after T4 with-
drawal. Only a few longitudinal studies of how sup-
pressed TSH changes after T4 withdrawal have been
reported, each with small patient populations ranging
from 10 to 31.8,9,18 Another study of T4 withdrawal for
3 weeks to ascertain stimulated thyroglobulin levels
confirmed the efficacy of a shorter period of T4 with-
drawal.20 Menzel et al observed a trend of lower endo-
genous TSH rise after thyroid hormone withdrawal
in elderly patients.21 In the study presented here, the
observation that age is an independent factor for en-
dogenous TSH rise after T4 withdrawal has been
confirmed. One possible explanation is that the
hypothalamo-pituitary axis is more sluggish in response
to the negative feedback system of serum T4 changes
in elderly patients. It is also interesting to note that the
TSH level before T4 withdrawal affects the overall
TSH rise and the rate of TSH rise. Patients with a sup-
pressed TSH had a rapid TSH rise. The study by Serhal
et al did not analyse factors that affect TSH change.9

In contrast to the findings of Liel,8 this study demon-
strated that initially suppressed TSH and age correlate
with TSH recovery. This is likely to be related to the
larger number of patients in this study, resulting in a
greater power to show these correlations.

Although TSH change was not significantly affected by
sex and distant metastasis, there was a trend towards
greater TSH rise in men (p = 0.1) and in patients with

no distant metastasis (p = 0.09). Based on a study of the
pituitary-thyroid axis (PTA) in healthy people, there are
significant age- and sex-independent inter-individual
variations in the set point of the PTA.22 It is likely that
sex would affect the TSH level. Distant metastasis
with functional secretion of thyroid hormones would
suppress the TSH rise via the PTA. A larger group of
patients may be required to further evaluate the poten-
tial significance of these factors.

Short-term hypothyroidism is known to result in tran-
sient impairment of QOL. Physical, emotional, and cog-
nitive discomfort is destructive, particularly to younger,
working-age patients. After a preliminary analysis of
the data, the hospital protocol of T4 withdrawal was
modified in January 2005 to reduce the T4 withdrawal
period to 3 weeks. Subsequent to the implementation
of the new protocol, only 3.3% of patients undergoing
WBS did not attain a TSH level of >30 mIU/L.

After T4 withdrawal for WBS, an endogenous rise in
TSH increases with the duration of T4 withdrawal,
with a greater rise in the latter period. In this study, a
TSH level of >30 mIU/L was obtained in 92.9% of pa-
tients after 3 weeks of T4 withdrawal. The mean time
to attain this level was 18 days. Factors that affect the
TSH rise are duration of T4 withdrawal, age, and de-
gree of TSH suppression before T4 withdrawal. It is
feasible to change the protocol of T4 withdrawal to 3
weeks in preparation for RAI whole body scanning.
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