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Abstract

Background: The significance of perturbations of thyroid-
stimulating hormone (TSH) and thyroid hormones within
the laboratory reference ranges after hemithyroidectomy is
unknown. Our aim was to examine changes in TSH and thy-
roid hormones after hemithyroidectomy for benign euthy-
roid goiter, focusing on tissue response by examining the
mitochondrial membrane potential (MMP) of peripheral
blood mononuclear cells (PBMCs) and basal oxygen con-
sumption (V0,). Materials and Methods: In a prospective
study on 28 patients and controls, we examined serum TSH
and thyroid hormones before hemithyroidectomy and 1, 3,
6 and 12 months after hemithyroidectomy for benign eu-
thyroid goiter. In the hemithyroidectomy group, flow cy-
tometry was used to measure the MMP of tetramethylrho-
damine methyl ester (TMRM)-and MitoTracker Green (MTG)-
stained PBMCs, and V0, was measured by an Oxycon Pro
apparatus. Results: One year after hemithyroidectomy, TSH
had increased from a median of 0.97 mIU/I (interquartile
range, IQR: 0.69-1.50 mlU/l) to 2.10 mlU/I (IQR: 1.90-

3.00 mlU/I; p < 0.001); free thyroxine (fT;) had decreased
from a median of 16.0 pmol/l (IQR: 14.9-17.0 pmol/l) to
14.8 pmol/I (IQR: 14.1-16.4 pmol/l; p = 0.009), whereas total
triiodothyronine variations did not differ from those in con-
trols. Concomitantly, the MMP of TMRM- and MTG-stained
PBMCs was increased by 58% (p < 0.001) and 22% (p =
0.008), respectively. Vo, was increased by 14% (p = 0.01).
Conclusion: Hemithyroidectomy for benign euthyroid goi-
ter induced persistently increased TSH and decreased fT,,
sustained mitochondrial hyperpolarization and increased
V0,. Our results demonstrate a decrease after hemithyroid-
ectomy of the metabolic state to which the individual is
adapted, with persistent cellular metabolic changes in a
hemithyroidectomized patient group which is normally
considered clinically and biochemically euthyroid.
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Published by S. Karger AG, Basel

Introduction

Whereas hemithyroidectomy is associated with a rec-
ognized risk of overt hypothyroidism [1], the significance
of perturbations of thyroid-stimulating hormone (TSH)
and thyroid hormones within the laboratory reference
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ranges after hemithyroidectomy has not previously been
addressed, and these patients are generally considered eu-
thyroid. Thyroid hormones regulate a number of cellular
functions, a major one of which is regulation of mito-
chondrial energy production [2] and biogenesis [3], and
we have previously described impaired thyroid hormone-
regulated mitochondrial function in patients with sub-
clinical hypothyroidism [4]. Therefore, we aimed to ex-
amine individual changes in TSH and thyroid hormones
after hemithyroidectomy, focusing on tissue response to
hemithyroidectomy-induced thyroid functional changes
by examining the mitochondrial function of peripheral
blood mononuclear cells (PBMCs) before and during the
first year after hemithyroidectomy for benign euthyroid
goiter.

Materials and Methods

We performed a pilot study to evaluate the magnitude of thy-
roid functional changes in hemithyroidectomized patients
compared with those in healthy persons over time, in which
we compared TSH changes in 28 hemithyroidectomized pa-
tients after 2 years of follow-up with TSH changes in a healthy
control group. In a following prospective study, we evaluated
the tissue response to these hemithyroidectomy-induced thy-
roid functional changes by measuring mitochondrial function,
TSH and thyroid hormone levels in 28 patients before and dur-
ing the first year after hemithyroidectomy for benign euthyroid
goiter.

Study Groups

In the pilot study, the hemithyroidectomy group was formed
by review of the hospital charts of all patients (n = 74) who had
undergone hemithyroidectomy in the time period from September
2008 to July 2009 at the Department of Otorhinolaryngology -
Head and Neck Surgery, Slagelse Hospital, Hospital South, Region
Zealand, Denmark. The criteria for inclusion in the study groups
were: (1) no previous goiter surgery; (2) no previous radioiodine
treatment for goiter; (3) no previous or present medical treatment
of hyperthyroidism or thyroid hormone substitution therapy; (4)
preoperative value of TSH in the laboratory reference range (0.3-
4.0 mIU/1); (5) benign pathologic diagnosis of resected tissue; (6)
preoperative BMI between 20 and 35; (7) no endocrine diseases;
and (8) age between 18 and 75 years. Values for preoperative TSH
were obtained from nonfasting venous blood samples drawn at the
routine examination prior to hemithyroidectomy. Forty-six pa-
tients (11 men and 35 women) aged 32-74 years fulfilled the inclu-
sion criteria and were invited to take part in the study; 28 patients
responded to the invitation (6 men and 22 women), resulting in a
61% participation rate.

Control persons were recruited from participants in the
Danish General Suburban Population Study (GESUS) [5]. The 80
control persons invited (18 men and 62 women) had reported ab-
sence of thyroid or other endocrine disease in the GESUS ques-
tionnaire, and their values for TSH (from the GESUS database)
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were within the laboratory reference ranges; 53 persons respond-
ed to the invitation, resulting in a 66% participation rate. Six of
these were excluded due to other ethnicity than Caucasian (n = 2)
or subsequent endocrine disease (n = 4). In total, 47 control per-
sons (9 men and 38 women) were included. At the follow-up vis-
it, the hemithyroidectomized patients and controls reported their
medical history and current medication, and nonfasting venous
blood samples were collected and analyzed for serum concentra-
tions of TSH, thyroid hormones and antibodies against thyroid
peroxidase (TPOAD). Due to the retrospective study design, and
for practical reasons, measurement of mitochondrial function in
controls was not possible.

Eligible for enrollment in the prospective study were a total of
106 patients, scheduled to undergo hemithyroidectomy between
June 1, 2011, and July 1, 2012, at the Department of Otorhinolar-
yngology - Head and Neck Surgery at Slagelse Hospital. Of the 106
patients, 55 fulfilled the inclusion criteria and were consecutively
invited to the study. Ultimately, 33 patients were included (60%
participation rate). Postoperatively and during the year of follow-
up, 5 patients were excluded from the study due to either malig-
nant pathologic diagnosis of resected tissue (n = 3) or subsequent
severe disease (n = 2), resulting in a study group of 28 patients (6
men and 22 women). In this study group, 25 of the 28 patients had
been diagnosed with 2 or more thyroid nodules at the preoperative
ultrasound examination.

Anthropometric Measurements

The patients in the prospective study were examined by an ex-
perienced endocrinologist before hemithyroidectomy and at 4
time points (1, 3, 6 and 12 months) after hemithyroidectomy. At
each time point, the patients underwent a medical examination
including medical history and current medication, physical exam-
ination and measurement of basal oxygen consumption (VO,), and
a nonfasting venous blood sample was drawn (between 10 and
14 a.m.) and submitted to analysis. TPOAb was measured at the
examination before hemithyroidectomy.

Analysis of PBMCs by Flow Cytometry

Venous blood samples were drawn in EDTA Vacutainer tubes
and immediately cooled. Red blood cells were lysed with a 1-ml
lysing solution (VersaLyse; Beckman Coulter, Brea, Calif., USA),
and the PBMCs were washed once in PBS. For each patient, 4 pel-
lets were resuspended in a total volume of 1,000 pl of PBS, includ-
ing an unstained control and 3 samples with the following final
concentrations of 1 pg/ml propidium iodide (Sigma-Aldrich, Co-
penhagen, Denmark), 0.01 uM MitoTracker Green FM (MTG; In-
vitrogen A/S, Taastrup, Denmark) and 0.1 uM tetramethylrhoda-
mine methyl ester (TMRM,; Invitrogen A/S), respectively. Two dif-
ferent fluorescent dyes were used because they are considered to
reflect different aspects of the mitochondrial membrane potential
(MMP) [6] and as our own laboratory research has demonstrated
that addition of an uncoupler of mitochondrial oxidative phos-
phorylation, FCCP (carbonyl cyanide-p-trifluoromethoxyphenyl-
hydrazone), markedly decreases TMRM as well as MTG fluores-
cence. The resuspended cells were incubated for 30 min at room
temperature in the dark. After incubation, the test tubes were
chilled on ice until the fluorescence intensity of the stained PBMCs
was measured by flow cytometry (BD Accuri™ C6 Flow Cytom-
eter) according to a previously described method [7]. MTG fluo-
rescence was recorded in the FL1 (FITC) channel and TMRM flu-
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Table 1. Baseline data on study groups

Control group Hemithyroidectomy Hemithyroidectomy p
group I (pilot study) group II (prospective study) Cvs HI Cvs HII

n 47 28 28

Males, % 19 21 21 0.811 0.811
Age, years 53 (43-62) 51 (43-60) 49 (43-59) 0.591 0.591
Weight, kg 69.3 (62.2-81.4) 75.0 (63.5-85.0) 75.7 (67.3-90.4) 0.403 0.121
BMI, kg/m? 25.0 (23.0-29.0) 26.0 (23.0-28.0) 27.5(23.0-31.5) 0.601 0.244
Smokers, % 9 14 14 0.433 0.433
TPOAD positivity, % 13 14 7 0.851 0.445
TSH, mUI/1 1.70 (1.10-2.20) 1.23 (0.91-1.59) 0.97 (0.69-1.50) 0.005 <0.001
T, pmol/l 15.0 (14.0-17.0) - 16.0 (14.9-17.0) - 0.167
tT3, nmol/l 1.70 (1.53-2.02) - 1.89 (1.67-2.18) - 0.071

Data are presented as medians with interquartile ranges in parentheses unless specified otherwise. p values by Mann-Whitney U test
and y? test when appropriate. C = Controls; H I = hemithyroidectomy group I; H II = hemithyroidectomy group II.

orescence in the FL2 (PE) channel. Lymphocytes were identified
by forward and side scatter, and gated for further analysis. A total
of 20,000 cells per sample were acquired. Median values for fluo-
rescence intensity of lymphocytes were measured in relative fluo-
rescence units (hereafter denoted as arbitrary units, AU).

Analysis of Basal Oxygen Consumption

Respiratory gas analysis and volume measurements were per-
formed with a canopy connected by a triple V (flow/gas sensor) to
an Oxycon Pro apparatus (Jaeger Oxycon Champion, Breda, The
Netherlands), as previously described [4]. The relation between
VO, and MMP was examined, and we observed a significant cor-
relation between measurements of VO, and the MMP of MTG-
stained PBMCs (r = 0.46, p = 0.03), indicating that VO, reflects
inner mitochondrial membrane O, consumption.

Biochemical Variables

Measurements of serum TSH, free thyroxine (fT) and total
trilodothyronine (tT3) were performed using an electrochemi-
cal luminescent immunoassay (Cobas 6000; Roche, Basel,
Switzerland). The reference range for TSH was 0.3-4.0 mIU/]
(coefficient of variation, CV: <7%), the fT, reference range was
10.0-26.0 pmol/l (CV: <5%), and the one for tT; was 1.20-2.80
nmol/l (CV: <4%). TPOAb was measured by KRYPTOR
antiTPOn (BRAHMS, Henningsdorf, Germany), with a detec-
tion limit of 10 kU/L. TPOADb >60 kU/I was the cutoff value for
TPOAD positivity.

Ethical Considerations

The study was approved by the regional ethics committee
of Zealand, Denmark (SJ-10 and SJ-245) and by the Danish Data
Protection Agency, and was registered in ClinicalTrials.gov
(NCT01358136). The study conformed to the principles of the
Declaration of Helsinki. Informed consent was obtained from the
hemithyroidectomized patients as well as from the control persons
prior to inclusion.
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Hemithyroidectomy

Hemithyroidectomy was performed in an inpatient setting by
experienced thyroid surgeons who all used an identical technique,
which involved total left or right thyroid lobectomy and isthmus-
ectomy and, if present, resection of the pyramidal lobe with pres-
ervation of the contralateral thyroid lobe. One of the 61 hemithy-
roidectomized patients suffered from postoperative permanent
recurrent laryngeal nerve paresis. Otherwise, no surgical compli-
cations were observed.

Statistical Analysis

Statistical comparison between categorical variables was per-
formed by the x* test. When the Shapiro-Wilk test demonstrated
absence of normality, the Mann-Whitney U test was used for con-
tinuous variables. Statistical comparisons of outcome variables at
baseline and at the different time points of follow-up were per-
formed by the Wilcoxon signed-rank test. Significant difference
was defined as p < 0.05. The STATA statistical package software
program (version 12.0; StataCorp, College Station, Tex., USA) was
used for statistical analyses.

Results

Characteristics of Study Groups

The baseline and clinical data on the study groups are
provided in table 1. The median time interval between
preoperative examination and hemithyroidectomy was
8 days (interquartile range, IQR: 4-15 days), and between
hemithyroidectomy and the 4 visits 1, 3, 6 and 12 months
postoperatively, it was 35 (IQR: 31-43), 102 (IQR: 97-
112), 192 (IQR: 182-216) and 379 days (IQR: 363-390
days), respectively.
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Table 2. Serum T, and tTj; levels, T,/T; ratio and VO, for patients without postoperative levothyroxine therapy

Preoperative 1 month 3 months 6 months 12 months p (baseline p (baseline
after operation after operation after operation after operation vs. 1 month vs. 12 months

after after
operation) operation)

n 28 27 24 23 19

T4, pmol/l 16.0 (14.9-17.0) 14.1 (13.3-16.5) 14.5 (13.8-15.2) 14.9 (13.8-16.0) 14.8 (14.1-16.4) <0.001 0.02

tT3, nmol/l 1.89 (1.67-2.18) 1.75 (1.54-1.91) 1.73 (1.51-2.04) 1.75(1.51-1.92) 1.69 (1.44-1.86) <0.001 <0.001

T4/T; ratio 8.2(7.1-9.8) 8.6 (6.7-9.6) 8.2 (7.2-9.4) 8.5 (7.9-9.7) 8.8 (7.3-9.8) NS NS

VO0,, ml Oy/min-m? 108.2 (90.3-119.6) 119.6 (109.6-127.6) 111.4 (107.6-125.2) 118.2(102.7-124.7) 121.5(117.6-125.2) 0.03 0.01

Data are presented as medians with IQR in parentheses unless specified otherwise. NS = Not significant.

p < 0.001

Serum TSH (mlU/I)

Preoperative 1 3 6 12
Months after

Fig. 1. The figure presents serum TSH levels before hemithyroid-
ectomy for benign euthyroid goiter and during a 1-year follow-up.
Patients did not receive levothyroxine replacement therapy. Data
are presented as medians and IQR. The Wilcoxon signed-rank test
was used.

Postoperative Thyroid Function

In the pilot study, 8 of 28 patients (28.6%) received le-
vothyroxine replacement therapy 2 years after hemithy-
roidectomy following the current guidelines of the de-
partment. The biochemically euthyroid patients without
replacement therapy demonstrated a TSH increase of
89% from a median of 1.0 mIU/I (IQR: 0.89-1.56 mIU/1)
to 1.89 mIU/I (IQR: 1.38-2.33 mIU/l; p = 0.001). In con-
trast, the TSH and fT, levels of the controls were un-
changed - from a median of 1.70 mIU/l (IQR: 1.10-
2.20 mIU/I) to 1.60 mIU/I (IQR: 1.10-1.90 mIU/I) and
from 15.0 pmol/l (IQR: 14.0-17.0 pmol/l) to 15.6 pmol/l
(IQR: 13.6-16.5 pmol/l), respectively — after 2 years of
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follow-up. Unexpectedly, serum tT; of the controls had
decreased from 1.7 nmol/l (IQR: 1.53-2.02 nmol/l) to
1.6 nmol/l (IQR: 1.45-1.87 nmol/l; p < 0.001) after 2 years
of follow-up.

In the prospective study, 8 of the 28 patients (29%)
were diagnosed with posthemithyroidectomy hypothy-
roidism during 1 year of follow-up, and levothyroxine
therapy was started. Levothyroxine-treated patients were
no longer included in the analysis of follow-up results,
reflected in the decreasing number of patients in the anal-
ysis of follow-up results. The median time interval from
hemithyroidectomy to start of levothyroxine replace-
ment therapy was 120 days (IQR: 102-198 days).

Figure 1 demonstrates a persistently increased TSH
level within the reference range 1 year after hemithy-
roidectomy, unchanged with regard to values 1 month
after hemithyroidectomy. The patients did not receive
postoperative levothyroxine therapy. Table 2 presents
serum fT, and tT; levels, the T,/T5 ratio and VO, before
hemithyroidectomy and 1, 3, 6 and 12 months after
hemithyroidectomy for the patients who did not receive
postoperative levothyroxine therapy. The table demon-
strates a significant increase in VO, 1 year after hemithy-
roidectomy, unchanged relative to values 1 month after
hemithyroidectomy. FT, had persistently decreased
within the reference range 1 year after hemithyroidec-
tomy, unchanged with regard to values 1 month after
hemithyroidectomy. The T,/T; ratio was unchanged rel-
ative to the preoperative value during 1 year of follow-up
after hemithyroidectomy.

Postoperative Mitochondrial Function

Figure 2 presents the MMP of TMRM- and MTG-
stained PBMCs before hemithyroidectomyand 1, 3, 6 and
12 months after hemithyroidectomy in patients who did
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Fig. 2. The figure presents the MMP of PBMCs before hemithyroidectomy for benign euthyroid goiter and during a 1-year follow-up.
Patients did not receive levothyroxine replacement therapy. Data are presented as medians and IQR. The Wilcoxon signed-rank test was

used.

not receive postoperative levothyroxine therapy. One
year after hemithyroidectomy, the MMP of the TMRM-
and MTG-stained PBMCs was persistently increased, un-
changed with regard to values 1 month postoperatively.

Discussion

In concordance with previous studies of thyroid func-
tion after hemithyroidectomy [1], we observed persis-
tently increased serum TSH levels within the laboratory
reference range. Moreover, we confirmed 2 previous re-
ports of concomitantly decreased serum fT, [8, 9]. The
individual normal ranges for serum TSH, T, and Tj; are
much narrower than the population-based reference
ranges [10], and a thyroid functional change induced by
hemithyroidectomy may not be noticed in the wide pop-
ulation-based reference ranges, although it represents a
thyroid function that is abnormal for the individual. The
main finding of the study is persistently increased TSH
and decreased serum fT, within the reference range as
well as concomitantly sustained mitochondrial hyperpo-
larization and increased VO, in patients who develop nei-
ther overt nor subclinical hypothyroidism after hemithy-
roidectomy.

Thyroid hormones are major regulators of mitochon-
drial function and biogenesis [3]. In the mitochondrion,
ATP production by the electron transport chain is driven
by the electrochemical gradient across the inner mito-

14 Eur Thyroid J 2014;3:10-16
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chondrial membrane. The inner MMP reflects the func-
tional status of a mitochondrion, and an increased MMP
might be anticipated to reflect increased energy produc-
tion, but mitochondrial hyperpolarization might also
represent increased mitochondrial production of reactive
oxygen species (ROS) [11, 12]. It may be argued that the
preoperative measurements of MMP represent decreased
values due to slightly increased metabolism in patients
with euthyroid goiter, as TSH was lower in the hemithy-
roidectomy group than in the controls. However, preop-
erative values of fT, and tT; did not differ significantly
compared with controls, and VO, was not significantly
different from the reference range we have established in
our laboratory. There is no definite way to determine
whether we observe a decrease in a slightly increased me-
tabolism toward normal metabolism, or a decrease from
anormal to slightly decreased metabolism. In either situ-
ation, hemithyroidectomy induces a decrease in the met-
abolic state to which the individual was adapted preop-
eratively. We have previously demonstrated increased
mitochondrial processes, and thereby increased MMP, in
PBMC:s of patients with subclinical hypothyroidism com-
pared with controls [4], and the present study has repro-
duced these results in a hemithyroidectomized patient
group, using two different measures of MMP. Subclinical
hypothyroidism is associated with an increased risk of
coronary heart disease [13, 14], and recent studies have
demonstrated an association between low thyroid func-
tion within the euthyroid range and various cardiovascu-
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lar risk markers [15, 16]. It may be speculated whether
this risk is also be present in hemithyroidectomized pa-
tients with individual TSH increase, fT, decrease and mi-
tochondrial hyperpolarization.

Increased MMP and VO, in patients with decreased
serum T, after hemithyroidectomy may seem a paradox.
In euthyroid humans, serum T} is predominantly gener-
ated by outer-ring deiodination of T, to T; by type 2 de-
iodinase (D2) [17]. We have previously demonstrated
how in vitro T3 and T, stimulation is able to increase the
MMP [18] and mitochondrial ROS production in PBMCs
[7], while others reported thyroid hormone-induced in-
creases in ROS production in PBMCs in vivo [19]. Al-
though the T,/Tj; ratio did not change after hemithyroid-
ectomy, mitochondrial hyperpolarization might be a re-
sult of an increased conversion of T4 to T3 by D2 and
subsequently to T,, known to stimulate mitochondria
directly [18], as decreased levels of serum T,/ T in rodent
models of hypothyroidism increase D2 activity in white
adipose tissue [20] and skeletal muscle [21]. Since there
were no clinical signs of a raised metabolic rate after
hemithyroidectomy, an increased MMP and increased
V0, do not seem to promote ATP production or to in-
crease heat production. We propose the hypothesis that
mitochondrial hyperpolarization after hemithyroidec-
tomy might lead to increased mitochondrial ROS forma-
tion and subsequently to unfavorable cellular effects
[22].

The present study is limited by its small number of pa-
tient as the laboratory technique restricted the number of
patients possible to include; therefore it should be consid-
ered hypothesis generating. Moreover, due to the labora-
tory technique, it was not possible to examine MMP and
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