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Thyroid Function Control among Pregnant Women Following a Therapeutic Thyroidectomy

Introduction
The total number of thyroidectomies performed for both benign and malignant disease has dramatically increased throughout the past few decades, with females far outnumbering males, and younger patients (<45 years old) comprising roughly one-quarter of operated cases.
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 During pregnancy, a woman’s thyroid physiology undergoes well-defined changes,
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 resulting in a significant increase in the total thyroxine pool, primarily during the first trimester.
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 Since the pregnant woman is the sole source for fetal supply of thyroid hormones from conception to approximately 13 weeks of gestation, the fetus of women whom had undergone therapeutic total thyroidectomy rely on exogenous thyroxine.


6 ADDIN EN.CITE  The deleterious outcomes of gestational hypothyroidism is well established and includes: impaired intellectual and cognitive development in offspring, increased risk of intrauterine fetal death, perinatal fetal death, pre-term deliveries, low birth weight, respiratory distress in the newborn, placental abruption, gestational hypertension and postpartum hemorrhage.
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           Only recently has the American Thyroid Association (ATA) revised and published recommendations for thyroid-stimulating hormone (TSH) values during pregnancy: TSH= 0.1–2.5 mIU/L for the first trimester, TSH= 0.2–3.0 mIU/L for the second trimester, and TSH= 0.3–3.0 mIU/L for the third trimester.
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 TSH values above the mentioned target range, with normal FT4 values correspond to subclinical hypothyroidism and are also associated with adverse pregnancy and fetal outcomes.
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The aim of the current study was to assess the level of thyroid function control among pregnant women that had undergone a therapeutic thyroidectomy, and to determine whether any demographic or clinical characteristic(s) have an impact on gestational hypothyroidism. 

Patients and Methods

All [removed for blind peer review [ citizens are entitled to national medical coverage subsidized by the state. Health care coverage is almost entirely provided by four health maintenance organizations (HMOs). [removed for blind peer review [is the largest HMO, insuring 56.1% of the total population [n = 4,556,082; according to the 2013 official governmental publication; [removed for blind peer review [
All lab tests are free of charge. [removed for blind peer review [ has been using a computerized personal medical record system since the beginning of the new millennium. The central repository allows access to all medical and demographic data according to privacy regulations. After obtaining [removed for blind peer review [ institutional review board approval for this study, the entire [removed for blind peer review [ registry was scanned to identify all female patients who underwent thyroid surgery and had subsequently conceived and had given birth. Pregnant women were identified by hospital registries of live births. Data regarding the newborns outcome was not available. Thyroid function test results were sorted by trimesters, and women were categorized according to the surgical procedure that they had underwent (i.e. total or hemi-thyroidectomy, and benign or malignant thyroid disease). Analysis regarding thyroid control during each of the 3 trimesters of pregnancy was performed. Univariate and multivariate analysis on the effect of several variables on thyroid control was calculated: surgical procedure; indication (benign vs. malignant); time interval between surgery and pregnancy; demographic variables (i.e. age of the patient, no. of pregnancies and socioeconomic status).  
Study population

The study population consisted of all females who gave birth between May 2001 and September 2012, had a medical history of thyroid surgery, and had TSH measurements before and during their pregnancies. The central repository had been reviewed for the extent of the operation, pathological results and confirmed delivery. The laboratory results of all thyroid function tests during pregnancies were extracted. A total of 533 women that had a total of 851 deliveries were identified in the database. Of those, 477 women that had a total of 701 deliveries with at least one recorded TSH measurement for each trimester, and therefore included in the study. 
TSH measurement

All TSH test results were retrieved for each pregnancy and sorted by trimesters. When more than one TSH measurement was recorded in a trimester, the average TSH level was computed by converting each test result to its logarithmic value for calculating the average, and then re-converting the result to its standard value (mIU/L). Free T4 (FT4) and anti-thyroid peroxidase (TPO) levels were seldom measured and therefore were not included in the analysis.  
Statistical analyses 

Since the distribution of the TSH values was non-linear, a non-parametric test was used for the original measurements. In addition, TSH levels were also analyzed as dichotomous (under/above) in several cut-points: 2.5; 3.0 and 10. Univariate analysis was used to determine the impact of demographic variables (e.g. age, socio-economic status) and clinical variables (thyroid malignancy, surgical treatment, time interval from surgery) on the dependent variable (TSH levels) for each trimester separately.

          Association between the dichotomous TSH parameters with regard to demographic and clinical factors were performed using the t-test and the Mann-Whitney test, as applicable. A Chi-square test was used to compare the proportions of low or high levels of TSH. Association between categorical parameters (socio-economic status, age at pregnancy groups, etc.) and TSH levels were analyzed using analysis of variance (ANOVA) and Kruskal-Wallis non-parametric ANOVA test. Multiple comparisons between each pair of categories were performed using Gabriel and Games-Howell tests.

          Multivariate analysis included Binary logistic regression models used to determine independent variables for attaining target TSH levels; Each model predicts the probability of having the TSH outcome as a function of the explanatory variable. A P-value of less than 0.05 was considered significant. The SPSS for Windows version 21.0 (SPSS Inc., Chicago, IL USA) was used for analysis.

 
Results
The study population consisted of 477 females with a mean age of 31.7 ± 5.5 years, that had previously undergone a therapeutic thyroidectomy. Over one-half of the study population had benign thyroid disease (274/477, 57%; see table 1). Most women with a benign disease (211/272, 78%) had undergone a hemi-thyroidectomy (HT). Most woman with a malignant disease (146/205, 71%) had undergone total thyroidectomy (TT). Sixty-four percent (n=306) of the women were treated with levothyroxine prior to their first pregnancy. Median TSH level prior to pregnancies was 1.62 (range 0.01-187.8). A total of 36 women (7.5%) had a TSH over 10 prior to their first pregnancy (table 1). Only 64% of the women had a TSH <2.5 prior to their first pregnancy (table 1), with similar values in women with benign and malignant disease (mean ± SD; 5.9±19.3, 7.2±25, respectively; P=0.6). 

         Age at the beginning of each pregnancy was not associated with attainment of target TSH values (tables 3,4). Women of higher socioeconomic status were found to be better controlled at the second and third trimester in univariate analysis, but not in multivariate analysis (tables 3,4). Throughout the pregnancy, thyroid function tests were performed more frequently in women with malignant thyroid disease as compared to women with benign disease (mean total tests during the pregnancy ± SD; malignant: 5.3±3.2, benign: 3.2±2.6; P< 0.001). 

          During pregnancy, the recommended trimester TSH values were attained by only 60% of the women during the first trimester (0.1-2.5 mIU/L), by 61% during the second trimester (0.2–3 mIU/L), and by 70.0% during the third trimester (0.3–3 mIU/L). (Table 2 – first pregnancy; table 3 – all pregnancies) Of treated women, most began treatment before their first pregnancy (n=63, 30%). A longer time interval between the operation and the pregnancy was associated with better thyroid control in univariate analysis in the 3rd trimester only, but this was of marginal effect in multivariate analysis (table 3,4). Women that were treated with Levothyroxine prior to pregnancy were more likely to attain target TSH values in the third trimester, as compared to women not treated prior to pregnancy (Overall risk = 0.54; 95% CI 0.32-0.92). (Table 3,4)

          The results of the procedure related variables (i.e. HT vs. TT) was associated with achieving target pregnancy TSH values, depending on various cut-points (tables 3,4); Women with malignant thyroid disease were more likely to attain target TSH values in the first and third trimester in univariate analysis as compared with women operated due to benign thyroid disease (table 3). In multivariate analysis, women that underwent TT due to benign thyroid disease were at the highest risk for gestational hypothyroidism (tables 5-7). Women that had a HT due to benign thyroid disease were similarly controlled as women that underwent TT due to malignant thyroid disease. Over half of the women undergoing HT (n=127, 60%) were not treated by Levothyroxine throughout the pregnancy (table 7). 
Discussion

Previous studies have shown that 3–7% of women of childbearing age worldwide are hypothyroid due to any thyroid disease.
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 Up to 15.5% of all pregnant women will be diagnosed as having gestational hypothyroidism.15 An alarming finding of our study is that only 60% of the pregnant women who had undergone therapeutic thyroidectomy had TSH levels that were within the recommended range during the first trimester of their pregnancy. This relatively high rate of gestational hypothyroidism was persistent throughout the entire pregnancy. A similar rate of elevated TSH among women with a positive history of thyroid disease was recently demonstrated by Granfors et al.
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 They reported that 50.9% (n=83/163) of pregnant women who were already on levothyroxine treatment at the time of conception, had an elevated gestational TSH level (TSH >2.5 mIU/L). Their report, however, does not specify at all the indication for levothyroxine treatment.  
         In the current study, women that underwent TT due to benign thyroid disease were at a significantly increased risk for not achieving target pregnancy TSH levels. This is in comparison to women that underwent thyroidectomy due to a malignant thyroid disease and despite similar baseline TSH values. This may be theoretically explained by a more rigorous follow-up accepted in malignant cases. Another possible explanation is an inadequate increase in levothyroxine dosage during pregnancy. Unfortunately, data regarding dose adjustment during pregnancy and patient compliance were not feasible for this study. This shortcoming is derived from the lack of computerized data regarding issued prescriptions and actual use. The results of this study are also in accordance with those of a previous study demonstrating that post thyroidectomy women were less controlled if the surgical indication was a benign disease.17 Another finding in this mentioned study was that benign disease thyroidectomies required the largest dose adjustment of levothyroxine during pregnancy.17 The authors speculated that high doses of levothyroxine for post-thyroidectomy TSH suppression in patients with thyroid cancer were the reason for this observation. Another recent publication reported TSH values >5.0 mIU/L during the first trimester in 22.7% (5/22) of pregnancies, in patients with a history of thyroid carcinoma whom had undergone TT and radioiodine ablation.18 These results are in accordance with the current study, indicating that although a history of malignant disease does pose a lower risk for hypothyroidism during pregnancy (compared to benign disease), these patients are still at risk for gestational hypothyroidism. 
In contrast to women that underwent TT due to benign causes, women that had undergone HT due to benign reasons were not at risk of poor control during pregnancy. This probably reflects a good thyroid reserve in those women with adequate compensation during pregnancy, since over half of them were not treated with levothyroxine during the pregnancy at all. 

Finally, there were no significant differences in thyroid hormone control in the first pregnancy compared to those of the following pregnancies. This data implies that although these women are prone to hypothyroidism during pregnancy, treatment is not adjusted as rigorously as it should be, and the risk of its reappearance remains the same. 

          There are obvious caveats in this study. The retrospective nature of this cohort and the lack of FT4 and anti TPO levels are some to mention. The lack of data regarding levothyroxine treatment adjustments and patient`s compliance are other limitations. Additionally, data regarding pregnancies outcomes (other than live births) does not exist in this database. Despite the mentioned limitations, this is the largest study conducted to date on the impact of thyroid surgery on thyroid control during pregnancy. 

In conclusion, we report thyroid function tests during pregnancy in a very large cohort of women with a history of thyroid surgery. Overall, a significant percentage of pregnancies had higher than accepted TSH levels throughout the three trimesters. Women that underwent TT due to benign thyroid disease were at a significantly increased risk of being inadequately controlled throughout pregnancy. In contrast, Women with a history of malignant thyroid disease were better controlled, regardless of the extent of operation. Therefore, closer surveillance and appropriate dose adjustment is warranted during pregnancy in women that undergo TT due to benign disease. 
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Legends:
Table 1: Characteristics of Women

Table 2: TSH results according to trimesters of 1st pregnancy 

Table 3: TSH levels according to trimesters of pregnancy

Table 4: TSH according to trimesters of pregnancy
Table 5: Binary Logistic regression models for TSH levels for each trimester of pregnancy

Table 6: Binary Logistic regression models for TSH levels for each trimester of pregnancy

Table 7: Binary Logistic regression models for mean TSH levels during the entire pregnancy
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