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Abstract

Introduction—Increasing emphasis is being placed on appropriateness of care and avoidance of 

over- and under-treatment. Indeterminate thyroid nodules (ITN), present a particular risk for this 

problem because cancer found via diagnostic lobectomy (DL) often requires a completion 

thyroidectomy (CT). However, initial total thyroidectomy (TT) for benign ITN results in lifelong 

thyroid hormone replacement. We sought to measure the accuracy and factors associated with the 

extent of initial thyroidectomy for ITN.

Methods—We queried a single institution thyroid surgery database for all adult patients 

undergoing an initial operation for ITN. Multivariate logistic regression identified factors 

associated with either oncologic under- or over-treatment at initial operation.

Results—There were 639 patients with ITN. The median age was 52 (range 18 – 93), 78.4% 

were female, and final pathology revealed a cancer > 1 cm in 24.7%. The most common cytology 

was follicular neoplasm (45.1%) followed by Hurthle cell neoplasm (20.2%). CT or initial 

oncologic under-treatment was required in 58 patients (9.3%). Excluding those with goiters, 

19.0% were treated with total thyroidectomy for benign final pathology.

Multivariate analysis failed to identify any factor that independently predicted the need for CT. 

Female gender was associated with total thyroidectomy in benign disease (OR 2.1, 95% C.I. 1.0 – 

4.5, p = 0.05). Age >45 predicted correct initial use of DL (OR 2.6, 95% C.I. 1.2 – 5.7, p = 0.02). 

Suspicious for PTC (OR 5.7, 95% C.I. 2.1 – 15.3, p<0.01) and frozen section (OR 9.7, 95% C.I. 

2.5 – 38.6, p<0.01) were associated with oncologically appropriate initial TT.

The highest frequency of CT occurred in patients with follicular lesion of undetermined 

significance (11.6%). Total thyroidectomy for benign final pathology occurred most frequently in 

patients with a Hurthle cell neoplasm (24.8%).

Conclusions—In patients with ITN, nearly 30% received an inappropriate extent of initial 

thyroidectomy from an oncologic standpoint. Tools to preoperatively identify both benign and 
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malignant disease can assist in the complex decision-making to gauge the proper extent of initial 

surgery for ITN.

Introduction

Indeterminate thyroid nodules (ITN) represent a significant diagnostic and therapeutic 

challenge because up to 30% of thyroid nodules have indeterminate cytology but only 5–

30% are found to be cancer (1). Since cytology alone cannot distinguish carcinomas from 

benign adenomas, surgery remains the only definitive means for distinguishing cancer from 

benign nodules (2). A diagnostic lobectomy remains the standard surgical treatment, and an 

estimated 75,000 lobectomies are performed annually in the U.S. (2–4). If the final 

pathology is carcinoma, then the patient must undergo a second surgery, or completion 

thyroidectomy, depending on the size and histopathologic features of the cancer. A second 

operation obviously carries additional risks, costs, and stress for the patient (3, 5, 6). 

Optimal oncologic treatment for thyroid cancer involves preoperative lymph node evaluation 

with ultrasound and compartment-oriented dissection of pathologically cancerous nodes. 

Hence, there are clear advantages to having a cancer diagnosis prior to proceeding with any 

surgery (5, 7–9).

Like many other conditions, increasing emphasis is being placed on appropriateness of care 

and avoidance of over- and under-treatment, for thyroid disease (10, 11), and thyroid surgery 

(12, 13). ITN, present a particular risk for this problem since an initial lobectomy for a 

cancer greater than 1 cm can be viewed as inadequate initial treatment, while an initial total 

thyroidectomy for benign disease might be considered excessive or unnecessary from an 

oncologic standpoint (4). In addition to higher risks of hypocalcemia and recurrent laryngeal 

nerve injury, patients also need for lifelong thyroid hormone replacement after total 

thyroidectomy.

Providers continue to use and evaluate several different tools to optimize the decision-

making for the initial extent of surgery for ITN. Nomograms combine clinical, laboratory, 

imaging, and demographic data (14, 15). There also has been interest in analyzing 

ultrasound features to predict malignancy, but no single feature is sensitive or specific 

enough to preclude surgery (16–18). More recently, several molecular tests have been 

developed to classify ITN as either benign or malignant. These tests, while accurate in some 

settings, also carry a significant expense (19–21).

Ultimately, physicians and patients must synthesize the available information and decide on 

the appropriate extent of initial surgery when faced with an ITN. The advent of molecular 

testing prompted a plethora of studies examining how these tools impact the extent of 

surgery for ITN, but little data exists on how well physicians together with their patients 

decide on the extent of surgery without such adjuncts (3, 22–25). At our high volume thyroid 

center, we have historically not offered molecular testing to patients with ITN, providing an 

opportunity to examine how well treatment decisions are made without such testing. The 

purpose of this study is to measure the accuracy of and current decision-making associated 

with the extent of initial thyroidectomy for ITN.
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Methods

This is a retrospective study of adult patients identified within the University of Wisconsin 

Endocrine Surgery Database who underwent an initial operation for ITN between May 1994 

and April 2015. Under an IRB-approved protocol, the Endocrine Surgery Database 

prospectively collects patient and tumor features for patients undergoing thyroid, 

parathyroid, and adrenal surgery at our institution. For this study, patients were excluded if 

their records showed they were < 18 years of age, had cytology that was not indeterminate, 

underwent previous thyroid/neck surgery, diagnosed with hyperthyroidism (TSH<0.35 uIU/

mL), or had too much missing data to perform any meaningful analysis. Those patients with 

ITN, meeting inclusion criteria (n=639) underwent further chart abstraction to confirm their 

diagnosis and collect additional data. ITN were defined by the following cytologic 

diagnoses: follicular neoplasm, suspicious for follicular neoplasm, atypia, atypia of 

undetermined significance (AUS), follicular lesion of undetermined significance (FLUS), 

suspicious for Hurthle cell neoplasm, Hurthle cell neoplasm, or suspicious for papillary 

carcinoma.

Additional data collected during the chart abstraction included patient demographics, 

ultrasound imaging features and sizes, histopathology results, rationale for surgery, extent of 

initial surgery, laboratory data, and need for completion thyroidectomy.

Defining Oncologically Appropriate Treatment

For the purposes of this study, the extent of initial surgery was labeled as either 

oncologically inadequate if they required a completion thyroidectomy or oncologically 

excessive if a total thyroidectomy was performed when the final histopathology did not 

reveal a cancer ≥ 1 cm in size. The 2009 (and earlier) ATA guidelines on thyroid nodular 

disease and differentiated thyroid cancer informed clinical decision-making regarding 

appropriate extent of surgery during the study period. All patients in this cohort were treated 

prior to the publication of the 2015 ATA guidelines (4). After lobectomy, patients were 

offered completion thyroidectomy if the final pathology revealed a cancer ≥ 1 cm in size 

(26). Goiter was defined as a thyroid with at any two of the following features: largest lobe 

dimension of at least 7 cm, greater than 1 nodule in the contralateral lobe, or thyroid weight 

> 25 grams. When patients with thyroid glands meeting the criteria for goiter underwent 

total thyroidectomy, this was not considered oncologically excessive treatment even if final 

histopathology was benign. Similarly, we conducted a separate analysis where patients 

taking levothyroxine preoperatively were not considered in the oncologically excessive 

group despite benign final pathology.

Statistical Analysis

In addition to standard descriptive statistics, multivariate logistic regression was used to 

identify patient and thyroid features associated with under- and over-treatment. Variables 

with a p value ≤ 0.2 were selected for inclusion in the multivariate models. Statistical 

analyses were performed using STATA SE v. 12 (StataCorp LP, College Station, TX).

Schneider et al. Page 3

Endocr Pract. Author manuscript; available in PMC 2017 April 24.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Results

Patient and Nodule Features

There were 639 patients with ITN who met inclusion criteria for this study. The mean age 

was 52.0 years old, and 78.5% of patients were female (Table 1). Very few patients had a 

history of head and neck radiation exposure (4.1%) or a family history of differentiated 

thyroid cancer (14.4%, Table 1). Of the patients with a family history, only 35 patients 

(5.5%) had a first degree relative with thyroid cancer. Most patients did not suffer from 

hypothyroidism, with only 14.1% of patients taking levothyroxine preoperatively, and the 

median TSH was 1.5 ± 3.6 mIU/L (Table 1).

The median nodule size was 2.3 ± 1.5 cm (Table 1). The most common indeterminate 

cytology diagnosis was a follicular neoplasm (45.1%), followed by Hurthle cell neoplasm 

(20.3%), AUS/FLUS (18.9%), and suspicious for papillary thyroid cancer (15.7%, Table 1).

The majority of patients were initially treated with thyroid lobectomy (58.8%) and 24.7% of 

all ITN were found to contain a cancer (≥ 1 cm) on final pathology (Table 1). There were 

also an additional 70 microcarcinomas (< 1 cm).

Extent of Initial Surgery

Overall, only 9.3% of patients required a completion thyroidectomy after initial lobectomy, 

whereas 19% of patients underwent an initial total thyroidectomy for benign disease (Figure 

1). Forty-seven patients treated with total thyroidectomy who also met the definition of 

“goiter” were not considered as oncologically excessive despite benign pathology. Taken 

together, this means that 28.3% of patients did not receive appropriate initial extent of 

surgery from an oncologic standpoint.

In a separate analysis, we also excluded any patients taking levothyroxine preoperatively (90 

patients) from the oncologically excessive group. Excluding these patients resulted in a 

considerable reduction in the proportion of patients considered to have received excessive 

extent of initial surgery (20.4%). Similarly, we excluded those a family history of thyroid 

cancer or a history of radiation exposure who received a total thyroidectomy (61 patients), 

leaving only 10.3% of patients receiving an oncologically excessive initial extent of surgery.

Final pathology revealed cancers of at least one centimeter in size in 18.8%, 13.2%, 28.9%, 

78.0% of nodules with cytologic diagnoses of follicular neoplasm, Hurthle cell neoplasm, 

AUS/FLUS, and suspicious for PTC, respectively.

The most common cytologic finding in patients who required completion thyroidectomy was 

AUS/FLUS (14.3%). As expected, completion thyroidectomy was least common when the 

cytology was suspicious for PTC (5.1%, Figure 1). Total thyroidectomy when final 

pathology was benign occurred most commonly in patients with AUS/FLUS (25.4%) or a 

Hurthle cell neoplasm (24.7%, Figure 1). The AUS/FLUS category contained the most 

number of patients (39.7%) receiving an inappropriate extent of initial treatment (Figure 1).
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Multivariate Analysis: Oncologically Appropriate Treatment

Next, we investigated the factors associated with an oncologically inappropriate extent of 

surgery at the first operation. Multivariate analysis failed to identify any significant factors 

that independently predicted the need for completion thyroidectomy. We also investigated 

the factors associated with total thyroidectomy for benign disease (in the absence of goiter). 

Female gender was significantly associated with receipt of oncologically excessive extent of 

initial surgery (OR 2.10, 95% C. I. 1.00 – 4.45, p = 0.05, Table 2). Intraoperative frozen 

section protected against the need for completion thyroidectomy (OR 0.19, 95% C. I. 0.06 – 

0.66, p<0.01, Table 2). None of the cytologic diagnoses were independently associated with 

receipt of oncologically excessive extent of surgery.

Surgeon’s rationale

When total thyroidectomy was the initial extent of surgery, the reason or rationale for this 

decision was collected from the preoperative note. The most common reason cited was the 

surgeon’s assessment of the cancer risk (54.2%) given the cytologic diagnosis and other 

clinical and imaging factors. The next most common reason was the presence of bilateral 

nodules (23.0%), followed by preoperative levothyroxine use (7.7%). This trend in reasoning 

followed in all cytologic categories (data not shown).

Multivariate Analysis: Appropriate Treatment

Similarly, the factors associated with the oncologically appropriate extent of initial surgery 

were also examined. For appropriate initial lobectomy (benign final pathology), only age 

over 45 years old was significant (OR 2.58, 95% C. I. 1.16 – 5.74, p = 0.02, Table 3). No 

other factors independently predicted appropriate initial lobectomy, including gender and 

each of the cytologic diagnoses.

In analyzing the factors associated with oncologically correct initial total thyroidectomy, 

frozen section (OR 9.71, 95% C. I. 2.45 – 38.56, p<0.01) and suspicious for papillary 

thyroid cancer cytology (OR 5.68, 95% C. I. 2.10 – 15.33, p<0.01) were significant in 

multivariate analysis (Table 4). None of the other cytologic diagnoses independently 

predicted correct initial total thyroidectomy. Consistent with our analysis (Table 2), female 

gender was not associated with correct initial total thyroidectomy (OR 0.35, 95% C. I. 0.13 

– 0.98, p = 0.04, Table 4).

Since frozen section was associated with the oncologically appropriate extent of initial 

surgery, we examined the frequency of its use further. Overall, frozen section was utilized in 

190 cases (29.7%). The most frequent use of frozen section occurred with a cytologic 

diagnosis of suspicious for PTC (63.3%), followed by AUS/FLUS (38.1%).

Discussion

In this large series evaluating the initial extent of surgery for ITN, nearly 30% of patients 

received an inappropriate extent of surgery from a purely oncologic standpoint. At this 

single, high volume center oncologically excessive surgery (19%) was far more common 

than oncologically inadequate treatment (9.3%). The AUS/FLUS category proved the most 
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problematic for surgeons to determine the correct amount of initial surgery, with nearly 40% 

of patient receiving an inappropriate extent of initial surgery. The higher institutional rate of 

cancer in the AUS/FLUS category (28.9%) likely pushed surgeons toward more total 

thyroidectomies for patients with Bethesda III cytology. Similarly, the high cancer rate 

(78%) in the suspicious for PTC category also impacted decision-making, shifting the initial 

extent of treatment toward total thyroidectomy. As expected, the suspicious for papillary 

thyroid cancer carried the lowest rates of oncologically inappropriate treatment, likely due to 

the utility of frozen section for this category. The quality of frozen section varies by 

institution, and may not be appropriate in all settings.

We currently lack data on patient and provider decision-making for ITN. Many factors likely 

play into the decision-making regarding the initial extent of surgery for ITN. Contralateral 

nodules, overall gland size, and compressive symptoms are among the reasons for choosing 

total thyroidectomy over lobectomy. Perhaps the most important factor is the patient’s 

preferences and priorities regarding the need for a second operation, surgical risk, or the 

need for lifelong thyroid hormone replacement. Therefore, some may find our application of 

“appropriateness” label unsuitable for this problem. Amidst the changing healthcare policy 

landscape and increasing interest in defining “appropriateness of care” for certain 

procedures, thyroid practitioners must begin to evaluate the accuracy of their decision-

making because it impacts patients’ quality of life and costs (27–29). This becomes 

especially important for ITN with the popularization of various adjuncts designed to assist in 

the decision-making.

A variety of tools to help surgeons determine the proper extent of surgery for ITN now exist. 

Many of these studies combine clinical and imaging features in order to predict malignancy 

(30–32). Most of these models rely heavily on ultrasound features such as calcifications, 

irregular borders, hypoechogenicity, and nodule size. For example, Mendez et al. studied 

surgeon performed ultrasound, and found that at least two adverse nodule features correlated 

with the risk of malignancy, and could guide the extent of initial thyroidectomy in patients 

with ITN (33). In their series, even more patients (66%) were treated with a total 

thyroidectomy as the initial extent of surgery compared to only 42% in this study. However, 

they did not report on the overall accuracy of their treatment decisions (33).

Similarly, numerous imaging classifiers exist to distinguish benign from malignant nodules 

(16, 34–37). The majority of these studies utilize ultrasound features and statistical models 

to select nodules with the highest cancer risk for FNA biopsy. These studies examine all 

nodules, not just ITN. Since 95% of all nodules are benign, identifying malignancy among 

the indeterminate subset is likely a more difficult task. In the present study, all surgeons used 

ultrasound features in their decision-making about the initial extent of surgery. However, 

surgeons rarely cited ultrasound features (6.1%) as the overriding reason for the initial extent 

of surgery. Instead, this may have been documented as the overall cancer risk, with 

ultrasound features not explicitly stated. This reflects the challenge of identifying the 

surgeons’ rationale by retrospectively coding clinic notes, particularly for such a complex 

decision-making process.
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More recently, clinicians have turned to molecular markers for determining the extent of 

initial surgery for ITN. One strategy uses genetic mutations that, when present, identify 

malignant ITN thereby prompting total thyroidectomy up front and avoiding the need for 

completion thyroidectomies. In an analysis of one such mutational panel, those undergoing 

cytogenetic testing preoperatively were 2.5 times more likely to undergo total thyroidectomy 

when a clinically significant cancer was present on pathology compared to the group not 

undergoing mutational testing (38). This rule-in strategy may not prove as helpful for high 

volume surgeons – in the current study less than 10% of patients required completion 

thyroidectomy.

Another strategy for using molecular markers in ITN is to identify a genetic signature for 

benign nodules. The commercially available Afirma gene expression classifier rules out 

malignancy so that benign nodules can simply undergo surveillance rather than any type of 

thyroid surgery. This strategy addresses the issue of oncologically excessive treatment as 

reported here. The initial study reported a negative (benign) predictive value of 85–95% 

depending on the exact cytology (19). However, this gene expression classifier is expensive, 

and the cost-effectiveness depends on the institutional rates of malignancy for each cytologic 

category (21). Nonetheless, this rule-out strategy may prevent an oncologically excessive 

extent of initial surgery as we found in this study.

The latest version of the American Thyroid Association’s (ATA) Guidelines on Thyroid 

Nodules and Differentiated Thyroid Cancer stress the importance of counseling the patients 

about the limitations of molecular testing for ITN (4). In discussing the principles of 

employing molecular testing, these guidelines also underscore the pretest probability of 

malignancy, feasibility of performing molecular testing, and patient preferences (4). Both the 

Disease State Commentary from the American Association of Clinical Endocrinologist’s 

Thyroid Scientific Committee and a consensus statement from the ATA Surgical Affairs 

Committee indicated that molecular testing should not replace clinical judgment (39, 40). 

The results reported here represent the clinical judgment of high volume clinicians in the 

absence of adjuncts like molecular testing. This judgment incorporates the pre-test 

probability of malignancy based on the cytology, history, physical exam, and ultrasound 

features. The assumption implicit in many of the molecular testing strategies for ITN, is that 

the surgeon will perform a diagnostic lobectomy based on the cytology result alone. As our 

results demonstrate, this is not always the case.

Here, we report that for high volume surgeons, completion thyroidectomy is less frequent, 

and strategies to rule-out malignancy may become more useful in that setting. There is a 

paucity of data on the frequency of completion thyroidectomy, or the accuracy of decision-

making surrounding the initial extent of surgery for ITN. Here we report a large series of 

indeterminate nodules, and the oncologic accuracy of decision-making around the extent of 

initial surgery. Certainly, these data are important as hospital systems decide if and how to 

employ molecular testing or other forms of clinical decision-support for ITN. Each of these 

adjuncts carries a unique accuracy and cost profile. Therefore, one must understand the 

clinician’s baseline accuracy before superimposing additional decision-support. For 

example, at our institution, tools to identify benign nodules among those with AUS/FLUS 

cytology would be of greatest value given our high degree of oncologically excessive 
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treatment. For this reason, we have begun utilizing frozen section for selected AUS/FLUS 

nodules.

While the cohort of patients presented here were all treated under the 2009 ATA guidelines, 

the most recent version of these guidelines indicate that lobectomy is adequate treatment for 

low risk, T2 (4 cm) clinically N0 patients. Under these recommendations, this would likely 

increase the degree of oncologically excessive treatment seen in this cohort(4). Regardless of 

how the categories change, we present a framework for objectively evaluating extent of 

initial thyroidectomy from a purely oncologic standpoint and stress the importance of 

knowing individual or institutional rates of oncologically inappropriate treatment to tailor 

the use of decision support tools or diagnostic adjuncts.

Patient preference clearly plays into the decision-making on the extent of initial surgery for 

ITN, and the 2015 ATA guidelines also stress this point (4). Patients have varying priorities 

regarding the need for thyroid hormone replacement, surgical risk, and the need for a second 

operation. Patients potentially drove much of the decision-making reported here, but it was 

seldom cited (0.47%) as the overriding reason for choosing total thyroidectomy over 

lobectomy. This finding likely reflects clinical documentation and the challenges of 

capturing this type of data retrospectively.

Aside from its retrospective nature, this study has other limitations. This is a single 

institution analysis reporting on the accuracy of decision-making for high volume surgeons, 

so the data are not necessarily generalizable. However, the literature lacks data on accuracy 

of the initial extent of surgery for ITN, and these results provide a useful reference point for 

designing decision-support tools or employing adjuncts such as molecular testing.

Although the “accuracy” of decision-making was analyzed from a purely oncologic 

standpoint, we recognize that other factors contributed to treatment decisions. Contralateral 

nodules, the size of other nodules, overall gland size, and symptoms likely influence patients 

and providers toward up front total thyroidectomy.

Although this reasoning is difficult to capture in a retrospective study, we accounted for this 

by excluding goiters from the “over-treatment” designation. The literature lacks standard 

definitions of goiter, and it becomes difficult to retrospectively apply any potential 

definitions of goiter. Additionally, we performed separate analyses, excluding patients taking 

levothyroxine preoperatively or those with a family history or history of radiation exposure. 

Excluding these types of patients did reduce the portion of patients receiving total 

thyroidectomy for benign final pathology. However, some degree of mismatch still 

remained. Regardless of the absolute numbers, it is important for providers to understand 

their own performance as pre-test probability for decision support or additional diagnostic 

testing.

Conclusions

Of patients with ITN, 30% received an inappropriate extent of initial surgery from an 

oncologic standpoint. At a high volume center, total thyroidectomy for benign final 

pathology was more frequent than the need for completion thyroidectomy. Tools to 
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preoperatively identify both malignant and benign disease can potentially assist in clinical 

decision-making to gauge the initial extent of thyroidectomy for ITN, depending on the 

institution-specific needs. Prospective examination of patients’ preferences and decisional 

needs for ITN treatment will compliment these tools and expand our decision-making 

capacity.
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Figure 1. Accuracy and the Extent of Initial Thyroidectomy
Bar charts show the percentage of patients who required completion thyroidectomy needed, 

were treated with total thyroidectomy for benign disease, or the appropriate extent of initial 

surgery are shown for each cytologic category. Numbers indicate the percentage of patients 

receiving the appropriate extent of initial treatment for each category. Patients with goiter 

receiving total thyroidectomy were not considered to be over-treated, and cancers ≤ 1 cm 

were not considered clinically significant cancers. AUS = atypia of undetermined 

significance; FLUS = follicular lesion of undetermined significance; HCN = Hurthle cell 

neoplasm; FN = follicular neoplasm; sPTC = suspicious for papillary thyroid cancer.
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TABLE 1

Patient and Nodule Characteristics (n = 639)

Variable Number (%)

Age (years) 52.0 ± 14.7

Female gender 501 (78.5)

Radiation history 26 (4.1)

Family history of thyroid cancer 92 (14.4)

Median TSH (U/mL) 1.5 ± 3.6

Taking levothyroxine 90 (14.1)

Median nodule size (cm) 2.3 ± 1.5

  Cytology

Follicular neoplasm 288 (45.1)

Hurthle cell neoplasm 130 (20.3)

AUS/FLUS 121 (18.9)

Suspicious for PTC 100 (15.7)

  Extent of Surgery

Lobectomy 376 (58.8)

Total thyroidectomy 263 (41.2)

  Final Pathology

Total Cancers 228 (35.7)

Cancer ≥ 1 cm 158 (24.7)

Cancer < 1 cm 70 (10.9)

Data are represented as either the mean or median value ± the standard deviation for continuous variables or the number of patients with the 
corresponding percentage for categorical variables. U = units, mL = millimeters, cm = centimeters, AUS = atypia of undetermined significance, 
FLUS = follicular lesion of undetermined significance, PTC = papillary thyroid cancer
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TABLE 2

Multivariate Analysis: Total Thyroidectomy for Benign Pathology

Variable OR 95% C. I. p value

Age > 45 years old 0.91 0.53 – 1.59 0.75

Female gender 2.10 1.00 – 4.45 0.05

Family history of thyroid cancer 0.51 0.25 – 1.07 0.07

TSH ≥ 2.5 (U/mL) 0.83 0.46 – 1.52 0.55

Size ≥ 3 cm 0.65 0.37 – 1.15 0.16

Frozen Section 0.19 0.06 – 0.66 <0.01

Multivariate logistic regression was performed with variables carrying a p value ≤ 0.2 from univariate analysis. Variables shown in bold were 
significantly associated with over-treatment. Also included in the model was each cytologic diagnosis, except for AUS/FLUS which was dropped 
due to collinearity. None of the cytologic diagnoses were significant. U = units, mL = millimeters, cm = centimeters.
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TABLE 3

Multivariate Analysis: Oncologically Appropriate Initial Lobectomy

Variable OR 95% C. I. p value

Age > 45 years old 2.58 1.16 – 5.74 0.02

Family history of thyroid cancer 0.49 0.21 – 1.15 0.10

History of radiation exposure 0.23 0.04 – 1.34 0.13

Female gender 1.44 0.58 – 3.57 0.43

TSH ≥ 2.5 (U/mL) 0.48 0.21 – 1.10 0.08

Size ≥ 3 cm 0.96 0.44 – 2.10 0.91

Surgeon performed ultrasound 0.81 0.35 – 1.85 0.62

Multivariate logistic regression was performed with variables carrying a p value ≤ 0.2 from univariate analysis. Variables shown in bold were 
significantly associated with oncologically correct initial lobectomy. Also included in the model was each cytologic diagnosis, except for AUS/
FLUS which was dropped due to collinearity. None of the cytologic diagnoses were significant. U = units, mL = millimeters, cm = centimeters.
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TABLE 4

Multivariate Analysis: Oncologically Appropriate Initial Total Thyroidectomy

Variable OR 95% C. I. p value

Age > 45 years old 1.44 0.63 – 3.29 0.38

Female gender 0.35 0.13 – 0.98 0.04

Suspicious for papillary thyroid cancer 5.68 2.10 – 15.33 <0.01

Family history of thyroid cancer 2.66 0.99 – 7.10 0.06

TSH ≥ 2.5 (U/mL) 1.82 0.74 – 4.48 0.19

Frozen section 9.71 2.45 – 38.56 <0.01

Multivariate logistic regression was performed with variables carrying a p value ≤ 0.2 from univariate analysis. Variables shown in bold were 
significantly associated with oncologically correct initial total thyroidectomy. In addition to suspicious for papillary thyroid cancer, the other 
cytologic diagnosis were also included in the model except for AUS/FLUS which was dropped due to collinearity. None of the other cytologic 
diagnoses were significant. U = units, mL = millimeters.
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