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Introduction  

 

Among the common and perilous consequences of 

bleeding during major surgeries 1, including total hip 

arthroplasty (THA), are the fluctuations of the serum 

levels of thyroid hormones, known as sick euthyroid 

syndrome (SES) 2. Particularly, this phenomenon 

pertains to major surgeries 3. During the surgery and 

over time, the serum level of T3 decreases slowly, and 

this reduction is expedited 90 minutes after introducing 

the surgical incision 4. Some studies have noted that 

Abstract 

Introduction: The reduction of thyroid hormones during surgery can affect the amount of bleeding. This study aimed to evaluate the 

effects of prophylactic administration of oral levothyroxine on bleeding and hemoglobin levels during and after THA in patients with a 

history of IHD. 

Methods: In this double-blinded clinical trial, 40 THA candidates with a history of IHD were randomly divided into intervention and control 

groups. Twelve hours before the induction of anesthesia, patients in the intervention group received 20 µg levothyroxine, and patients 

in the placebo group received the same amount (one-fifth of a tablet) of a placebo. Also, during surgery, one tablet containing either 100 

mg levothyroxine or a placebo was dissolved in 30 ml of water, and 20% of it was fed to the patients by gavage. One, two, three, and 12 

hours after surgery, as well as on days 1st, 2nd, and 4th post-surgery, the same amount of the drug was given to the patients. Changes 

in hemoglobin level, bleeding volume (during and after surgery), and the number of blood units received were compared between the 

two groups. 

Results: Red blood cell count (RBC) (intervention: P=0.855 and control: P=0.214), hemoglobin level (intervention: P=0.673 and control: 

P=0.123), and hematocrit (intervention: P=0.666 and control: P=0.096) were more stable in the intervention than in the control group. 

Also, bleeding volume was considerably lower in the intervention group (P=0.339) than in the control group (P=0.032). Also, serum 

volume in the operation room (P=0.019) and post-surgery (P=0.041) and the number of packed cell units received in the operation room 

(P=0.014) and after surgery (P=0.041) were significantly lower in the intervention group than in the control group. 

Conclusion: The prophylactic administration of oral levothyroxine reduced bleeding volume and the need for blood transfusion and 

rendered blood indices (Hb, HCT, RBC, PT, and APPT) more stable in THA candidates with a history of IHD. 
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severe hemodynamic changes after 90 minutes from the 

onset of surgery are caused by fluctuations in the levels 

of thyroid hormones 5, suggesting that supplementation 

with T3 can improve the hemodynamic balance and 

reduce the rate of bleeding 6. However, this hypothesis 

requires more research to be approved 7. 

Thyroid hormones affect the body’s homeostatic 

balance, and thyroid disorders can trigger a wide 

spectrum of hemostatic abnormalities ranging from 

asymptomatic derangement of laboratory parameters to 

extensive bleeding or thrombosis 8-10. Therefore, 

thyroid hormones can be crucial in maintaining the 

hemostatic balance in people undergoing major 

surgeries associated with extensive bleeding and 

modulating adverse effects on essential laboratory 

indicators and surgery outcomes 11, 12. 

Levothyroxine is one of the drugs used to treat those 

suffering from hypothyroidism 13. Three hours after oral 

consumption, this drug causes an increase in the serum 

level of the T4 hormone, which in turn is converted to 

T3 by mono-deiodinase in tissues, then enters cells 

through binding to its specific receptors and promotes 

its wide-range biological effects 14. Several studies 

investigating the effects of thyroid hormone 

replacement therapy on candidates for major surgeries 

have affirmed the effectiveness of levothyroxine in 

reducing bleeding during these procedures 15-17. On the 

contrary, several studies have pointed out that the 

prophylactic administration of levothyroxine cannot 

minimize bleeding during surgery 18. Collectively, the 

effectiveness of this drug in reducing bleeding during 

and after major surgery is still unclear, highlighting the 

need for conducting more studies to clarify this issue 19. 

As noted, bleeding during THA surgery can adversely 

affect the surgery outcomes 20. On the other hand, 

candidates for THA often suffer from concurrent 

cardiac diseases 21. Also, bleeding can aggravate the 

prognosis of people with a history of cardiac disorders 

and increase their post-surgery mortality and 

morbidities 22. Considering that a reduction in thyroid 

hormones during surgery can contribute to the rate of 

bleeding and the fact that findings in this area are 

controversial, we aimed to investigate the effects of the 

prophylactic administration of oral levothyroxine on 

bleeding volume and hemoglobin levels in patients with 

a history of ischemic heart disease (IHD) during and 

after THA. 

 

Methods  

Study Design: This double-blinded randomized 

clinical trial was conducted on 40 THA candidates with 

a history of IHD in the Shohada and Imam Reza 

hospitals in Tabriz, Iran, between May 22, 2021, and 

April 22, 2021. 

Sample Size Calculation and Sample Recruitment: 

Regarding the results of a similar study reporting 18 the 

volume of bleeding as 290.45±56.18 ml in the group of 

patients receiving levothyroxine and as 415.65±89.40 

ml in the control group, using the formula designed for 

determining the sample size based on a quantitative 

outcome and considering an alpha error equal to 0.05 

and the test power of 80%, the sample size for each 

group was determined as n=17. Considering a drop-out 

rate of 15%, the sample size in each group was 

considered to be n=20 people. Finally, 40 subjects were 

purposefully selected by the accessible sampling 

method. 

Inclusion and Exclusion Criteria: The inclusion 

criteria in this study encompassed being a candidate for 

THA, age between 20 and 60 years, ASAI-II anesthesia 

class, elective surgery, having a history of IHD, and 

consent to participate in the study. Exclusion criteria 

were concurrent suffering from thyroid disorders, a 

history of taking amiodarone, serum creatinine level 

exceeding 1.5 mg/dl, experiencing myocardial 

ischemia within the last three months, suffering from 

bleeding disorders or coagulopathies, being allergic to 

levothyroxine, diagnosis of COPD, history of 

hemophilia, receiving blood products during the week 

before entering the study, consuming warfarin, 

presenting with systemic disorders, body mass index 

greater than 40 kg/m2, and receiving head and neck 

radiotherapy during the last three months. 

Randomization: The patients were assigned to one 

of two study groups using the block randomization 

method. For this purpose, ten blocks (five blocks with 

a size of four for each study group) were used, and each 

block covered equal numbers of subjects in the two 

groups. The order of the blocks was determined by 

lottery, and based on being placed in what block, the 

patients were divided into either the intervention or 

control group.  

Blinding: The researcher recording the data and 

outcomes in the data collection form must be aware of 

patient grouping. The data obtained were subsequently 
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delivered to a statistician outside the research group for 

analysis, who was also unaware of the grouping. 

Therefore, the present study had a double-blind design. 

Study Protocol: Patients in the intervention group 

received 20 µg (one-fifth of a 100 µg tablet) of 

levothyroxine manufactured by Iran Hormone 

Pharmaceutical Company (Iran) 12 hours before the 

induction of anesthesia. The patients in the control 

group received the same amount of the drug as a 

placebo, mimicking the original drug in shape, size, and 

color. During surgery, one 100 mg tablet of either 

levothyroxine or placebo was dissolved in 30 mL of 

water, 20% of which was then fed to the patients by 

gavage. The same drug dose was administered to the 

patients at 1, 2, 3, and 12 hours’ post-surgery and on 

days 1st, 2nd, and 4th after surgery. The need for blood 

transfusion was recorded in the two groups. It should be 

noted that if the patient required blood transfusion 

during surgery, hemoglobin level was measured 

beforehand to adjust the impact of transfusion on 

hemoglobin fluctuations within the following hour. The 

volume of serum received by each patient was also 

recorded. After anesthesia and intubation, a urinary 

catheter was installed for all patients to measure urine 

volume; initial urine was discarded so that the final 

urine volume could be accurately measured. Blood loss 

was estimated by measuring the volume of the drain 

after being emptied to determine bleeding volume 

accurately. 

Bleeding volume measurement: The volume of 

blood loss in these patients was calculated visually 

based on the number of blood-soaked gauzes and the 

volume of blood in suction as follows. The number of 

4-inch × 4-inch gauzes covered with blood and the 

volume of blood suctioned during surgery were 

recorded for each patient. Each 4-inch x 4-inch gauze 

contains 10 mL of blood, so the number of blood-

covered gauzes was multiplied by 10, and the resultant 

value was combined with the volume of suctioned 

blood. Since the value obtained in this method also 

considers the volume of the fluids used for washing the 

surgery area, the volume of these fluids was deducted 

to achieve the proper volume of blood loss for every 

patient. It should be noted that all patients underwent 

general anesthesia using the same protocol and drugs. 

Data collection: The information recorded for each 

patient in the data collection form included: age, body 

mass index, gender, ASA class, surgery side, duration 

of anesthesia, and duration of surgery. The parameters 

of red blood cell count (RBC), hemoglobin (Hb) level, 

and hematocrit (HCT) were measured before surgery, 

1-, 2-, 3-, and 12-h, and one, two, and four days after 

the surgery. Also, Prothrombin Time (PT), Activated 

partial Prothrombin Time (PTT), the level of T3 

hormone, bleeding volume at the specified times, the 

volume of serum received, changes in urine volume, 

and the number of blood units transfused were recorded 

before and after surgery. 

 

Statistical analysis 

 One of the researchers, unaware of patient grouping, 

recorded information on data collection forms. After 

completing the data gathering, these forms were 

delivered to a statistician who was not a research team 

member. The mean ± standard deviation and frequency 

(%) were used to present the data, and the Mann–

Whitney U, Chi-square test, and Friedman were used to 

compare within- and between-group variations. A P 

value of less than 0.05 was considered a statistically 

significant cut-off. 

 

Results  

During the mentioned period, there were 61 patients, 

of which 40 were included in the study and were present 

until the end of the study; In other words, the sample 

drop in this study was equal to 0(Chart 1). The mean ± 

standard deviation of the age and BMI of the 

participants were 55.49 ± 3.58 years and 29.14 ± 2.96 

Kg/m2, respectively. Most participants were men 

(n=31) and underwent Class II anesthesia (n=28). The 

surgery on 24 subjects was performed on the right side; 

the average durations of surgery and anesthesia were 

154.74±25.59 and 185.69 ±32.41 minutes, respectively. 

The comparison of the baseline variables revealed no 

statistically significant difference between the two 

groups (P˃0.05, Table 1). 
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Figure 1: Outflow of patients in the study. 
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Table 1: Comparison of the Participants’ Baseline Features. 

P value Study groups (N=40) Variables 

Intervention group (N=20) Control group (N=20) 

0.751 56.01±3.89  55.12±3.22  Age * 

0.656 29.85±2.63  28.73±2.45  BMI  * 

0.883 158.56±27.20 151.44±24.75 Duration of surgery (min) * 

0.856 191.14±35.57 180.67±30.25 Duration of anesthesia (min) * 

0.896 15(75%) 16(80%) Male  Gender 

** 
5(25%) 4(20%) Female 

0.999 6(30%) 6(30%) I ASA 

class ** 

14(70%) 14(70%)  II  

0.581 13(65%) 11(55%) Right  Surgery 

side ** 7(35%) 9(45%) Left  

*; Mann–Whitney U, **; Chi-square  

 

 

The comparison of blood parameters indicated no 

significant difference between the two groups regarding the 

baseline RBC. However, the RBC index on the first-day 

post-surgery, but not at other time points after the surgery, 

was significantly higher in the intervention group than in the 

control group (P ˂0.05). Also, RBC stability was higher in 

the intervention group (P=0.855) than in the control group 

(P=0.214). Although the baseline hemoglobin level was 

comparable between the two groups, this parameter was 

significantly higher in the intervention group than in the 

control group at all other time points (P ˂0.05). Also, 

fluctuations in hemoglobin levels were milder in the 

intervention group (P=0.673) than in the control group 

(P=0.123).  

There was no significant difference between the two groups 

regarding the baseline Hct level; however, this parameter 

was significantly higher in the patients of the intervention 

group compared to their counterparts in the control group at 

all other time points. Also, the Hct level was more stable in 

the intervention group (P=0.666) than in the control group 

(P=0.096, Table 2). 

 

The two groups had no significant differences regarding 

baseline PT, APTT, and T3 level. At the same time, all these 

parameters were significantly higher in the intervention 

group than in the control group at all times after the surgery 

(Table 3). 

 

 

Comparing bleeding volume at different time points 

indicated a lower rate of bleeding in the intervention group 

(P=0.339) compared to the control group (P=0.032). 

Moreover, regarding the volume of serum received in the 

operation room (P=0.019) and after surgery (P=0.041) and 

the number of blood units transfused in the operation room 

(P=0.014) and after surgery (P=0.041), the participants in 

the intervention group showed significantly more stability 

compared to patients in the control group. This can be 

explained by the fact that requirements for serum and blood 

transfusion are influenced by bleeding volume, and because 

the average volume of bleeding was higher in the control 

subjects (P<0.05), they also required larger volumes of 

serum and packed cells compared to participants in the 

intervention group. There was a statistically significant 

difference between the two groups regarding the volume of 

urine as measured by the amount of urine collected in 

urination bags, indicating a significantly higher urine 

volume in the intervention group compared to the control 

group (Table 4). 
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Table 2: Comparison of Blood Parameters Between Participants in the Two Study Groups at Different Time points. 

Variables  Study group (N=40) P Value * 

Control group (N=20) Intervention 

group (N=20) 

RBC  Baseline   6.49±1.19  6.32±1.89  0.751 

1-hour post-surgery  5.65±1.19  6.01±1.56  0.043 

3-hour post-surgery 5.03±1.19  5.88±1.24  0.044 

12-hour post-surgery 4.63±1.19  5.45±1.75  0.037 

Day 1st post-surgery  4.03±1.19  5.21±1.58  0.009 

Day 2nd post-surgery 4.59±1.19  5.03±1.66  0.312 

Day 4th post-surgery 4.66±1.19  4.88±1.37  0.588 

P value ** 0.214 0.855  

Hb  Baseline   14.16±1.09  14.29±1.18  0.369 

1-hour post-surgery  12.24±1.48  13.55±1.45  0.009 

3-hour post-surgery 11.00±1.24  12.01±1.23  0.016 

12-hour post-surgery 10.91±1.41  12.41±1.33  0.039 

Day 1st post-surgery  10.85±1.29  12.35±1.26  0.041 

Day 2nd post-surgery 11.41±1.51  12.31±1.22  0.044 

Day 4th post-surgery 11.51±1.41  12.31±1.15 0.029 

P value ** 0.123 0.673  

HCT Baseline   41.41±1.51  39.57±6.77  0.707 

1-hour post-surgery  30.41±1.51  35.14±5.64  0.049 

3-hour post-surgery 26.41±1.51  33.12±5.39  0.015 

12-hour post-surgery 20.41±1.51  30.75±3.96  0.019 

Day 1st post-surgery  24.41±1.51  32.69±4.86  0.014 

Day 2nd post-surgery 25.41±1.51  30.66±5.73  0.049 

Day 4th post-surgery 26.41±1.51  32.34±5.33  0.041 

P value ** 0.666 0.096  

*; Mann–Whitney U, **; Friedman Test 
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Table 3: Comparison of PT, APPT, and T3 Level Between the Two Study Groups at Different Time points. 

Variables  Study group (N=40) P Value * 

Control group (N=20) Intervention group 

(N=20) 

PT  Baseline   12.12±2.22  12.24±2.18  0.883 

After surgery  16.96±4.24  13.49±2.45  0.041 

P value  0.032 0.789  

APT T Baseline   28.35±2.88  29.14±2.85  0.774 

After surgery  36.85±5.60  31.44±3.69  0.044 

P value * 0.029 0.793  

T3  Baseline   1.36±0.21 1.31±0.15 0.213 

After surgery  0.95±0.33  1.19±0.18  0.011 

P value * 0.001 0.103  

*; Mann–Whitney U 

 

 
Table 4: Comparison of Bleeding Volume, Serum and Blood Transfused, and Urine Volume Between the Participants in the Two Study 

Groups. 

Variables  Study group (N=40) P 

Value* Control group (N=20) Intervention group 

(N=20) 

Bleeding  1-hour after performing the surgical incision    459.47±41.48  351.49±30.83  0.006 

3-hour after performing the surgical incision    451.34±41.59  281.59±45.11  0.005 

12 hours after performing the surgical 

incision    

125.41±10.63  85.10±6.65  0.031 

Day 1st post-surgery  100.25±19.63  62.55±5.98  0.039 

Day 2nd post-surgery 50.48±3.65  0 0.014 

Day 4th post-surgery 0 0 0.999 

P value ** 0.032 0.339  

Blood products 

transfused 

During surgery    2.11±0.29  0.85±0.15  0.014 

After surgery  1.11±1.58  0.29±0.75  0.041 

IV solutions 

received   

During surgery    4.37±1.39  2.47±0.44  0.019 

After surgery  5.89±2.22  3.49±0.75  0.041 

Urine volume in collection bag (mL)* 4523.74±856.61  2574.88±369.88  0.033 

 

*; Mann–Whitney U, **; Friedman Test 

 

Discussion  

Poor cardiac function is one of the causes of death in patients 

undergoing major surgeries 21. Therefore, improving these 

patients' hemodynamic status and cardiac function during 

and after surgery is essential 22. Regarding the key role of 

thyroid hormones in regulating the function of the 

cardiovascular system 23, the present study's objective was 

to investigate the effect of levothyroxine oral administration 

on the rate of bleeding in patients with a history of IHD 

undergoing THA. Individuals with a positive history of IHD 

are more likely to bleed during major surgeries than others, 

as they routinely take anticoagulants 24. Thus, bleeding in 
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these people, whose hearts are generally weaker than usual, 

can cause them to develop irreversible cardiac damage. The 

results of the present study indicated that the parameters 

measured, including RBC, hemoglobin, and hematocrit, 

were more stable in the intervention group than in the 

control group. Also, the volume of bleeding, the serum 

volumes received in the operation room and after surgery, 

and blood units transfused in the operation room and after 

surgery were significantly lower in the intervention group 

compared to the control group 25-27. 

According to the results of the present study, the mean 

concentration of serum T3 decreased in both groups, 

comparing pre-surgery and 12-h post-surgery levels; 

however, this reduction was statistically significant only in 

the control group, reflecting the positive role of prophylactic 

administration of oral levothyroxine in stabilizing serum 

levels of T3 hormone after surgery. Also, the two groups 

showed significant differences in the mean hemoglobin 

level, rate of bleeding, and requirement for blood products. 

According to these observations, prophylactic oral 

levothyroxine at the dose used in this study can have a 

beneficial role in reducing bleeding during and after surgery 

in patients undergoing THA. Several studies have 

investigated the effects of oral and intravenous 

administration of T3 on the hemodynamic status of patients 

undergoing various cardiac surgeries 28-30. 

Various studies have scrutinized the effects of thyroid 

hormones on bleeding tendency and the function of the 

homeostatic system. In a study on patients undergoing 

bariatric surgery, low levels of thyroid hormones were 

concluded not to affect the risk of major bleeding in patients. 

Also, a case report indicated that the intravenous 

administration of thyroid hormones in an individual 

suffering from hypothyroidism presenting with 

gastrointestinal bleeding resistant to various endoscopic and 

non-thyroid hormone replacement treatments ceased 

bleeding and prevented its recurrence in the patient 30-33. 

Different studies have reported variable effects of thyroid 

hormone replacement therapy in patients undergoing 

various surgeries. This can be attributed to differences in 

drug duration and dose, variable monitoring periods, and 

populations investigated. Considering these contradictory 

findings, thyroid hormones are yet to be embraced as drugs 

to improve the cardiac function of patients with heart 

abnormalities undergoing major surgeries 14, 19,21. 

The present study has some limitations, including the small 

sample size, the short duration of patient monitoring, and the 

not measuring other functional thyroid hormones after drug 

consumption (according to previous studies, these 

hormones would remain unchanged). Therefore, conducting 

more studies with larger sample sizes and monitoring 

patients for extended periods is necessary. Also, considering 

that using levothyroxine in major surgeries is 

unprecedented, it is recommended to conduct more studies 

on the effects of different doses of levothyroxine on various 

functional indicators in larger populations. 

 

Conclusion 

The prophylactic administration of oral levothyroxine 

decreases the rate of bleeding and the need for blood 

transfusion. It renders hematological parameters (Hb, HCT, 

RBC, PT, and APPT) more stable in THA candidates 

presenting a history of IHD. 
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