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Background and Objectives: Hepatic functions in patients with nodular goiter, who received long-term hormonal 

suppressive treatment was not well enlightened in publications. We studied liver specific enzymes activities in 

patients with nodular goiter after thyroidectomy. The aim of this study was comparative analysis of treatment 

outcomes of patients who were previously treated with L-thyroxine and were operated skipping hormonal 

treatment. Materials and Methods: 88 patients (basic group) with nodular goiter underwent surgical operation 

without any drug treatment. 86 patients in control group received hormonal suppressive treatment with 

L-thyroxine for 6-12 months and then underwent thyroidectomy. Liver ultrasound (US) scanning and laboratory 

tests were comparatively studied 3, 6, 12 months after thyroidectomy. Results: Patients that received long-term 

hormonal suppressive treatment and then admitted for surgery, suffered from discomfort in upper right abdominal 

quadrant. The ALT, AST, Alkaline Phosphates and GGT activity of those patients was increased, and steatohepatitis 

was identified in US investigations. Also, total bilirubin, especially the unconjugated fraction concentration was 

higher in control group. The hepatocytes functional activity in basic group was slightly affected. Conclusion: 

Long-term hormone suppressive therapy resulted in dysfunction of hepatocytes. It’s highly recommended to the 

patients with hormonal therapy resistant nodules to undergo surgical treatment.
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Introduction

Nodular goiter is one of the most common diseases 

among population, with incidence rate from 8% up to 

21% in the region with iodine deficiency. Palpation, ul-

trasound (US) investigation, computer tomography and 

fine needle aspiration biopsy diagnostic methods con-

tribute to detection of thyroid nodules and differ-

entiation it from malignant neoplasm. Hormone sup-

pressive therapy (HST), radioactive iodine treatment, 

laser ablation and surgical procedures were widely 

used in practices for the treatment of nodular goiter. 

Every treatment method has advantages and dis-

advantages. Therefore, there is not any clearly high-

lighted single treatment method of the benign 

nodules.1-3)

Surgery is the most preferred treatment method of 

the benign nodules suggested by endocrine surgeons. 

Due to high complications rate, cosmetic defects on 

the neck and other disadvantages of the surgical 

methods, most patients with benign nodules prefer 

HST with L-thyroxine. Although, the effectiveness of 

the HST in the context of decreasing the nodule size 
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is controversial, some of authors show better out-

comes of L-thyroxine therapy. However, the L-thyro-

xine has some side effects, such as altered mineral 

composition of the bones and increased risk of car-

diovascular diseases.4-8) 

Liver reacts to the processes of emerging and 

growth of nodules and hormonal changes in a thyroid 

gland. Liver is also responsible for metabolism of the 

L-thyroxine, and a long-term HST impairs hepatic 

functions. Right after thyroidectomy, all patients need 

replacement hormonal therapy, which in its turn over-

loads the hepatocytes. Some cases are reported the 

liver injury due to levothyroxine therapy.9-11) However, 

the changes in the hepatocyte functions in patients 

with nodular goiter after a long-term HST is not well 

enlightened in publications.

The objectives of this study were 1) to evaluate the 

predictors, which could be useful to identify thyroid 

nodules resistant to HST; 2) to define the impact of 

the long-term HST onto hepatocytes functions.

Materials and Methods

With respect to the objectives, study was per-

formed in two stages using retrospective and pro-

spective analysis of the patients’ outcomes. For retro-

spective analysis the results of one hundred forty-six 

(146) patients with nodular goiter treated in the 

Scientific Center of Surgery were used. The group 

comprised of 138 females and 8 males and average 

age was 44.8±1.03 years old. All patients received 

HST with L-thyroxine (100-150 μg daily dose de-

pending on thyroid stimulating hormone [TSH] con-

centration) before surgical treatment. The patients that 

didn’t respond to hormonal treatment and the nodule 

sizes remained unchanged were subject to surgical 

procedure. The observation time from the start of HST 

until surgery was 5.5±0.45 years. The total thyroi-

dectomy was the most performed surgery in patients 

with multinodular goiter.

The volume of thyroid gland and nodules size were 

measured using US scanning (Medison SonoAce X6, 

Samsung, Republic of Korea): the average volume of 

the thyroid gland was 45.5±4.11 cm3; right lobe was 

22.3±3.19 cm3; and left lobe was 17.6±1.67 cm3. 

The size of the nodules was measured based on 3 di-

mensions: the length, width, and thickness. The sizes 

of the nodules on the right lobe were: length 15.3± 

0.75 mm; width 13.7±0.96 mm; thickness 25.4±6.28 

mm. Left lobule nodules: length 14.8±0.68 mm; 

width 12.7±0.78 mm; thickness 29.5±5.09 mm. US 

reports of these patients were analyzed to identify the 

predictors of nodules resistant to HST. 

In the 2nd stage of this study, one hundred sev-

enty-four (174) patients with nodules resistant to HST 

in thyroid gland were analyzed. To identify patients 

with resistant nodules, indicators (predictors that have 

been revealed in the 1st stage of the study) that could 

help to predict the nodule sizes immutability after hor-

monal therapy, were used. All patients were informed 

about possible resistance of the nodules in their thy-

roid gland to drug therapy. After discussing available 

treatment methods, the patients were suggested to 

undergo surgery as a more efficient solution. Eighty- 

eight (88) patients accepted the surgery and were op-

erated (basic group). Eighty-six (86) patients rejected 

operation and preferred HST (control group). Control 

group patients received HST with L-thyroxine and had 

been examined after 3, 6 and 12 months of the 

therapy. The ineffectiveness of HST for 12 months 

changed the decision of patients in favor of surgical 

treatment and they underwent the thyroidectomy. All 

patients had been examined after 3, 6 and 12 months 

of thyroidectomy, and the results were compared.

Laboratory Tests

The concentration of hormones: TSH, T3 and free 

T4, also the thyroglobulin and anti-thyroid peroxidase 

concentration were examined in blood serum using 

standard methods. The patients had TSH concen-

tration of 3.63±0.52 mlU/L, T3 was 7.81±0.47 μg/dL, 

free T4 was 1.04±0.07 ng/dL. 

The activity of liver specific enzymes, such as ala-

nine aminotransferase (ALT), aspartate aminotrans-

ferase (AST), alkaline phosphatase (AlPh), γ-glutamyl 

transpeptidase (γ-GTP); and the pigment metabolism 

products quantity, such as the concentration of total 

bilirubin and its fractions, were measured in blood 
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Fig. 1. ROC curve for measuring nodule size cut off value
for defining resistant nodules to hormonal suppressive 
therapy.

Fig. 2. ROC curve for measuring thyroid gland volume cut
off value for defining resistant nodules to hormonal 
suppressive therapy.

serum. Laboratory tests were performed with auto-

matic analyzer using standard reagents. 

Statistical Procedure 

All data were gathered in Excel sheet, and then 

transferred for statistical processing in IBM SPSS-20 

program. Continuous variables were expressed as 

Mean±median (M±m). Categorical variables are ex-

pressed as actual numbers and their percentages. The 

statistical analyze was performed with non-parametric 

Mann–Whitney U test and with the Student t-test. p 

values ＜0.05 were considered statistically significant. 

For the evaluation of different cut-off points ROC (re-

ceiver operating characteristic) curve were used. The 

ROC curve is a plot of sensitivity versus 1-specificity 

for all possible cut off values. The index of accuracy 

is the area under the receiver operating characteristic 

curve (ROC-AUC), where values close to 1.0 indicate 

high diagnostic accuracy, and the value of 0.5 in-

dicates a test of no diagnostic value. p values ＜0.05 

were considered statistically significant. 

Results

The retrospective study found that at 90 patients 

(61.6%) out of 146, HST prevented thyroid nodules 

from growing, but the decrease in the sizes of some 

nodules was not statistically significant. In these pa-

tients, the total volume of the thyroid gland was 

53±5.85 cm3, right lobe was 28±5.03 cm3, left lobe 

was 24±2.63 cm3. 

Studies have shown that instead of nodule size re-

duction during the hormonal treatment in 56 patients 

(38.4%) the increase in sizes was detected (p＜0.05). 

The nodules in the thyroid gland of these patients are 

classified as “treatment-resistant nodules”. The thy-

roid gland size of these patients was small in compar-

ison to the patients positively reacted to treatment: 

total volume of the thyroid gland was 33±5.50 cm3 

and 39% smaller (p˂0.05); right lobe was 15±2.95 

cm3, 49.6% smaller (p˂0.01); left lobe 15±3.44 cm3 

and 38% smaller (p˂0.05). 

To determine the correlation between the nodule 

sizes, thyroid gland volume and the effectiveness of 

HST, ROC curve was used (Figs. 1, 2). The cut off for 
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Table 1. Laboratory tests right before the surgery in both group patients

Tests names and referenceranges
Basic Control

p*
M m M m

ALT (male ＜42 U/L; female ＜32 U/L) 15.3 0.38 30.6 0.98 ＜0.05
AST (male ＜47 U/L; female ＜31 U/L) 22.9 0.56 41.3 1.32 ＜0.05
Alkaline phosphatase (35-104 U/L) 44.5 1.39 61.1 1.95 ＜0.05
γ-GTP (male ＜60 U/L; female ＜40 U/L) 39.6 1.23 57.1 1.82 ＜0.05
Total bilirubin (＜18.8 μmol/L) 11.8 0.19 19.4 0.62 ＜0.05
Direct bilirubin (＜4.3 μmol/L) 2.09 0.03 3.76 0.12 ＜0.05
Indirect bilirubin (＜14.5 μmol/L) 9.70 0.15 15.6 0.50 ＜0.05

*p＜0.05; the difference between compared test results is significant.
AlPh: alkaline phosphatase, ALT: alanine aminotransferase, AST: aspartate aminotransferase, γ-GTP: γ-glutamyl trans-
peptidase

nodule size was ≥17 mm and for thyroid gland vol-

ume cut off measured as ≤15.8 cm3. The single nod-

ules in thyroid gland, that didn’t increase in size were 

found to be resistant to HST. Presence of the single 

nodules and existence of the calcification in nodules 

were identified as independent risk factors. 

Concluding the results of the retrospective analysis 

the following facts can be stated: the nodules should 

be considered as treatment-resistant nodules if the 

nodule is larger than 17 mm, the calcification is found 

in the nodule, and the concentration of thyroid hor-

mones in the blood is within the normal range. 

Retrospective analysis illustrates that hormonal drug 

treatment is not effective in patients with resistant 

nodules and does not require long-term treatment.

For the second stage of the study, 174 patients with 

resistant nodules were selected. Patients were in-

formed about the results obtained in the first stage 

and surgery was suggested. 88 patients (basic group) 

agreed and underwent surgery. Liver specific en-

zymes, also bilirubin concentration was tested at ad-

mission day and 3, 6, 12 months after surgery.

86 patients (control group) did not agree with the 

operation and preferred HST. Patients in the control 

group were kept under observation. After 3, 6 and 12 

months, they were examined and the ineffectiveness 

of HST was observed. After unsuccessful drug treat-

ment patients were offered surgery again, and the sur-

gical operation was performed. The liver-specific tests 

were performed continuously during all observation 

period and at admission day to hospital for a surgical 

intervention. The main objective was a comparative 

analysis of the liver functional status among patients, 

who agreed to surgery without previously drug treat-

ment and patients who underwent a surgical operation 

after receiving a long-term HST (3-12 months).

All patients received the substitutive hormonal ther-

apy with L-thyroxine after surgery, according to the 

value changes of thyroid hormones. The laboratory 

test results of the basic and control group patients 

were compared after hospital admission. The ALT, 

AST AlPh and γ-GTP activities in control group pa-

tients were significantly higher when compared to the 

basic group. The concentration of total bilirubin in the 

control group was higher than in the basic group. 

Although the concentration of direct (conjugated) bilir-

ubin was normal, the concentration of indirect fraction 

was higher than normal values (Table 1).

Laboratory tests showed different results in the ac-

tivity of liver specific enzymes in the basic and control 

groups 3, 6 and 12 months after surgery (Fig. 3). In 

the basic group, ALT and AST were within the norm 

3 months after treatment. In the control group, ALT 

increased up to 32.8±0.86 U/L and AST up to 

45.9±1.73 U/L. In the control group of patients who 

received long-term treatment with L-thyroxine before 

surgery, the hepatocyte damage reflected in blood 

tests earlier than 3 months after surgery.

Even though the values of the AlPh and γ-GTP en-

zymes in the patients of both groups were within the 

normal range, the activity of these enzymes in control 

group was significantly higher when compared to the 
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Fig. 3. Liver specific enzymes activity 3 months after 
surgery. AlPh: alkaline phosphatase, ALT: alanine amino-
transferase, AST: aspartate aminotransferase, γ-GTP: γ- 
glutamyl transpeptidase 

Fig. 5. Liver specific enzymes activity 12 months after 
surgery. AlPh: alkaline phosphatase, ALT: alanine amino-
transferase, AST: aspartate aminotransferase, γ-GTP: γ- 
glutamyl transpeptidase 

Fig. 4. Liver specific enzymes activity 6 months after 
surgery. AlPh: alkaline phosphatase, ALT: alanine amino-
transferase, AST: aspartate aminotransferase, γ-GTP: γ- 
glutamyl transpeptidase 

basic group. 

The test results 6 months after surgery showed the 

further increase of the liver specific enzymes activity 

in control group of patients (Fig. 4). The activities of 

AlPh and γ-GTP also increased based on ALT and 

AST values. γ-GTP activity increased for 25% of its 

value and reached to 72.8±1.38 U/L. The investigations 

demonstrate the hepatocytes’ damage in control group 

patients after 12 months of surgery (Fig. 5). 

The concentration of total bilirubin in control group pa-

tients was higher than normal value (23.0±0.6 μmol/L) 

at the end of 3 months after the surgical operation. 

After 6 months, total bilirubin level increased by 4.6%, 

and at the end of 12 months after the surgery it in-

creased by 31.2% up to 31.5±0.83 μmol/L. The study 

of bilirubin fractions revealed an interesting fact that 

there was significant increase in the concentration of 

free bilirubin. Changes in conjugated bilirubin remained 

within the standard values. Only 12 months post-

operatively, in the control group of patients a slight in-

crease of conjugated bilirubin (5.29±0.18 μmol/L) 

was observed. In the basic group the bilirubin fraction 

fluctuated within normal range.

During the hospital visits patients from the control 

group had complaints such as digestive discomfort, 

slight pain right upper quadrant of abdomen, and some 

other symptoms of impaired digestive syndrome. US 

examinations showed steatohepatitis in livers of pa-

tients, who received long-term hormone suppressive 

therapy. In some patients enlarged liver size was 

identified. The increase in bile dispersion, sludge, and 

precipitation of gallbladder were also observed during 

the studies. Due to bile dyskinesia the digestive proc-

ess was disrupted and the floaties were observed. 

However, the patients that underwent the surgery 

without initial hormone suppressive therapy felt better. 

US examinations in basic group patients showed minor 

changes in liver parenchyma.

Discussion

Analysis of the results showed that, liver function 

was impaired in patients after long-term treatment 
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with L-thyroxine. Postoperative replacement therapy 

displayed the overload of hepatocytes. Significant in-

crease in ALT and AST activity, which is the sign of 

hepatocyte damage in liver, was observed in patients 

that received a long-term HST. Changes in AlPh are 

not prognostic for assessment of liver function that is 

injured after long treatment with L-thyroxine. Con-

versely, the change in the activity of the γ-GTP was 

statistically significant when compared to the main 

group values and could be useful for identifying the 

hepatocytes injury during the long postoperative term.

Bilirubin concentration was increased mainly in its 

free fraction. Long-term hormone suppressive therapy 

resulted in fatty dystrophy of hepatocytes. Injured 

hepatocytes lost their ability to uptake free bilirubin in 

the blood. Unconjugated bilirubin is more toxic and led 

to intoxication and oxidative stress. 

Nodular diseases of the thyroid gland require to 

choose an individual approach to treatment tactics, 

depending on the nodule size and gland volume. Based 

on the proposed algorithm, it is recommended to per-

form surgery in patients with treatment-resistant nod-

ules, that can be identified with existence of pre-

dictors such as nodule size ≥17 mm; thyroid gland 

volume ≤15.8 cm3, single nodules with calcification. 

Hormonal treatment in patients with this contingent is 

ineffective, resulting in fatty dystrophy of the liver and 

dysfunction of hepatocytes.
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