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Abstract

Background As more patients undergo diagnostic thyroid

surgery, the development of posthemithyroidectomy

hypothyroidism is becoming a major concern. We

hypothesized that the preoperative thyrotropin (thyroid-

stimulating hormone, TSH) level and ultrasonographically

measured thyroid volume, both commonly available in

thyroid nodule patients, may predict the development of

posthemithyroidectomy hypothyroidism.

Method Among the 132 patients who underwent hemi-

thyroidectomy from January 2004 to January 2006, a total

of 101 patients who were followed for more than a year

were included in the analysis.

Results Biochemical hypothyroidism developed in 37

patients (36.6%). Patients who developed postoperative

hypothyroidism showed higher TSH levels (P \ 0.001)

and smaller remnant thyroid volumes (P = 0.014). Logis-

tic regression analysis showed that the TSH level and

remnant thyroid volume were independent predictors of

posthemithyroidectomy hypothyroidism (P \ 0.001 and

P = 0.04, respectively). A risk scoring system using these

two factors was created based on the results of logistic

regression analyses. The incidences of hypothyroidism

were 5.3%, 12.1%, 51.7%, and 85.0% according to the risk

scores of 0, 1, 2, and 3, respectively.

Conclusions Patients with a high preoperative TSH level

and small thyroid volume are at high risk of developing

hypothyroidism following hemithyroidectomy. Potential

risk of postoperative hypothyroidism should be discussed

with these patients when thyroid surgery is being consid-

ered for a diagnostic purpose.

Introduction

Thyroid nodules are a common clinical problem [1, 2], and

their incidence is increasing probably because of more

frequent use of thyroid ultrasonography as an essential part

of the initial thyroid examination [3, 4]. The main concern

with the newly found thyroid nodules is the possibility of

malignancy. Fine-needle aspiration (FNA) is the standard

diagnostic method for evaluating thyroid nodules [2, 5, 6],

and recently the use of high-frequency ultrasonography

(USG) has been found to help predict malignancy in

selected patients [7–10]. Unfortunately, even FNA, cur-

rently the most effective diagnostic method, yields

indeterminate results in up to 20% of all aspirations, which

bear a 20% risk of malignancy; and these indeterminate

cases often lead to thyroid surgery (usually hemithyroi-

dectomy) for diagnostic purposes [2, 5, 6].

In the past, most patients received thyrotropin (thyroid-

stimulating hormone, TSH)-suppression therapy after

hemithyroidectomy to prevent the recurrence of thyroid

nodules [11]. The common practice of prescribing L-thy-

roxine to hemithyroidectomized patients has veiled the
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incidence of hypothyroidism, and the assessment of sur-

gical complications after hemithyroidectomy has mainly

focused on nerve injury and hypoparathyroidism [12, 13].

Recently, routine TSH-suppression therapy has fallen out

of favor owing to its questionable efficacy and associated

side effects [11, 14], leaving hypothyroidism as the most

common complication after hemithyroidectomy. The

reported incidence of hypothyroidism after hemithyroi-

dectomy is 18% to 35% [15–18].

We hypothesized that the capacity of remnant thyroid

tissue to attain the euthyroid state depends on both quali-

tative and quantitative aspects of the thyroid gland, which

are reflected in the preoperative TSH level and remnant

thyroid volume, respectively. The aim of this study was to

determine the risk factors of posthemithyroidectomy

hypothyroidism using preoperatively available clinical

information, including the preoperative TSH level and

thyroid volume. We also sought to establish a risk scoring

system that can predict posthemithyroidectomy hypothy-

roidism before deciding to perform diagnostic

hemithyroidectomy.

Patients and methods

We conducted a retrospective review of medical records of

all patients undergoing hemithyroidectomy from January

2004 to January 2006. Hemithyroidectomy is defined as

total unilateral lobectomy plus isthmusectomy [15].

Patients were excluded from the study if they: (1) were

preoperatively on thyroid hormone for preexisting hypo-

thyroidism or to prevent nodule growth; (2) had suspicious

clinical or USG features of thyroiditis; (3) were on medi-

cations known to cause hypothyroidism; (4) later

underwent completion thyroidectomy; (5) did not undergo

preoperative USG; or (6) were not followed for more than a

year. This study was approved by the institutional review

board of the institution, and was conducted according to

the principles of the Helsinki declaration.

Patients’ medical records were reviewed for age, sex,

preoperative thyroid function tests including TSH, height

and weight at the time of surgery, and final histologic

diagnosis. The normal range of TSH in our institution

during the study period was 0.17 to 4.7 lIU/L. A postop-

erative thyroid function test was performed 2 months after

the surgery in all patients. All included patients were fol-

lowed for more than a year, and their thyroid function was

evaluated every 2 to 3 months during the follow-up period.

The remnant thyroid volume was measured from the

preoperative USG images. Preoperative USG was per-

formed by thyroid radiologists using a commercially

available real-time ultrasonographic scanner (SONOLINE

Antares; Siemens, Munich, Germany) with a high-

frequency linear transducer ([7.5 MHz). The volume (V)

of the remnant lobe was calculated using the following

equation [19].

V ¼ length � width � depth � p=6

Because thyroid volume is positively correlated with the

body surface area (BSA) [20], we estimated the BSA-

adjusted remnant thyroid volume by calculating the

remnant thyroid volume/BSA ratio. BSA was calculated

by the Mosteller formula.

BSA ¼ pðheight � weight=3600Þ

The statistical significance of the difference between

hypothyroid and euthyroid patients was analyzed using

Student’s t-test for continuous variables and the chi-

squared test for nominal variables. Pearson’s correlation

coefficient was calculated to examine the correlation

between variables and the degree of hypothyroidism.

Variables showing statistical significance or a borderline

statistical relation (P \ 0.2) and variables having a

reported association with posthemithyroidectomy

hypothyroidism were entered into logistic regression

analysis. Backward stepwise selection with a likelihood

ratio test was used for logistic regression analysis. The

probability of posthemithyroidectomy hypothyroidism was

calculated based on the results of logistic regression

analysis. A risk scoring system was created using the

independent predictive factors; and the highest score of

each variable was determined by its b regression

coefficient. The area under the receiver operating

characteristic (ROC) curve was used to compare the

accuracy of the risk model to predict postsurgical

hypothyroidism. Values of P \ 0.05 were considered

statistically significant.

Results

From 2004 to 2006, a total of 132 patients underwent

hemithyroidectomy in our institution. After excluding 31

patients based on the aforementioned criteria, 101 patients

were included in the analysis. The most common reason for

exclusion was the lack of preoperative USG (n = 24). Two

patients (one with minimally invasive follicular carcinoma

and one with medullary carcinoma) underwent completion

thyroidectomy and were excluded from the analysis. Both

patients showed ‘‘follicular neoplasm’’ during preoperative

FNA and ‘‘benign follicular neoplasm’’ on intraoperative

frozen section. Follow-up thyroid function tests were not

available for the remaining five patients.

The patients’ mean ± sd age was 47.5 ± 12.7 years; and

76 patients (75.2%) were women. The final pathologic

diagnosis was benign thyroid nodules in 63 patients (37
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nodular goiters, 21 follicular adenomas, 3 Hurthle cell ade-

nomas, 2 cysts) and malignant nodules in 38 patients (36

papillary microcarcinomas, 2 minimally invasive follicular

carcinomas). Papillary microcarcinoma was diagnosed

before surgery in 30 patients; the remaining 6 patients had

only suspicious cytologic findings, although the final histo-

logic examination confirmed the diagnosis of papillary

microcarcinomas. None of the microcarcinoma diagnoses

were results of incidental findings in the resected specimens.

Biochemical hypothyroidism developed in 37 patients

(36.6%). Demographic, clinical, and pathologic data, as well

as the TSH level and BSA-adjusted remnant thyroid volume,

were compared between postoperatively euthyroid and

hypothyroid patients. (Table 1) Patients who developed

hypothyroidism showed significantly higher preoperative

TSH levels and smaller BSA-adjusted remnant thyroid

volumes. The preoperative TSH level and BSA-adjusted

remnant thyroid volume also showed a significant correla-

tion with postoperative TSH levels measured 2 months after

hemithyroidectomy (Pearson’s correlation coefficient was

0.502 and -0.352, respectively: P \ 0.001 for both). This

result shows that both factors predict not only the occurrence

but also the severity of posthemithyroidectomy hypothy-

roidism. However, the preoperative TSH level and BSA-

adjusted remnant thyroid volume did not have significant

correlation with each other (Pearson’s correlation coefficient

of - 0.114, P = 0.254) (Fig. 1).

Logistic regression analysis showed that both the pre-

operative TSH level and the BSA-adjusted remnant thyroid

volume were independent predictors of postsurgical

hypothyroidism after hemithyroidectomy (Table 2). From

this logistic regression analysis, we derived an equation

that calculates the probability (P) of developing hypothy-

roidism after hemithyroidectomy.

P¼

1
.
ð1þ e�ð�1:325þ1:191�preoperative TSH�0:435�remnant thyroid volumeÞÞ

The overall accuracy of the logistic regression

prediction model for predicting posthemithyroidectomy

hypothyroidism was 77.2%.

Subsequently, a risk scoring system to predict post-

hemithyroidectomy hypothyroidism using the preoperative

TSH level and BSA-adjusted remnant thyroid volume was

created. Considering the b regression coefficient of each

variable, we assigned a highest score of 2 to preoperative

TSH and a highest score of 1 to the remnant thyroid volume

(Table 3). Cutoff values of each variable were determined

according to the percentiles of the patients. The risk scoring

system showed significant association with the develop-

ment of posthemithyroidectomy hypothyroidism. Patients

with scores of 0, 1, 2, and 3 developed hypothyroidism with

an incidence of 5.3%, 12.1%, 51.7%, and 85.0%, respec-

tively (P \ 0.001, chi-squared test (Fig. 2a). Also, this

simplified risk scoring system predicted posthemithyroi-

dectomy hypothyroidism with an accuracy similar to that of

the probability equation derived from the logistic regression

prediction model (area under the ROC curve was 0.835 for

the logistic regression prediction model and 0.849 for the

risk scoring system, as seen in Figure 2b).

Discussion

We have demonstrated here that a high preoperative TSH

level and a small remnant thyroid volume are independent

risk factors for posthemithyroidectomy hypothyroidism.

Table 1 Comparative analysis between postoperative euthyroid and

hypothyroid patients

Parameter Euthyroid Hypothyroid P

Age 47.7 ± 11.1 47.35 ± 15.2 0.91

Female/male 45/19 31/6 0.13

Benign/malignant 43/21 20/17 0.19

BSA 1.67 ± 0.18 1.68 ± 0.17 0.93

Preoperative TSH level 1.22 ± 0.89 2.46 ± 1.16 \0.001

BSA-adjusted remnant thyroid

volume

3.48 ± 1.50 2.73 ± 1.34 0.014

BSA: body surface area; TSH: thyroid-stimulating hormone

Fig. 1 Scatter diagrams of the preoperative thyroid-stimulating

hormone (TSH) level and the body surface area (BSA)-adjusted

remnant thyroid volume versus the postoperative TSH (a, b) and the

preoperative TSH level versus the BSA-adjusted remnant thyroid

volume (c). Posthemithyroidectomy TSH levels were measured

2 months after the surgeries
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These results are particularly interesting as both predicting

factors are easily determined from the patient’s clinical

information in a modern endocrine practice. To our

knowledge, this is the first study that shows the relation

between the remnant thyroid volume and posthemithyroi-

dectomy hypothyroidism.

Hemithyroidectomy is a commonly performed surgical

procedure for patients with ‘‘indeterminate’’ thyroid nod-

ules so long as the nodules do not show clinical features of

malignancy other than in the FNA results [5, 6]. The

rationale for performing thyroid resection for indeterminate

nodules is that these nodules harbor thyroid carcinoma in

up to 20% of cases [2, 6], and the main reason to perform

hemithyroidectomy rather than total thyroidectomy is to

preserve thyroid function and prevent nerve and parathy-

roid injury [13].

Several studies have looked into the risk factors of

developing posthemithyroidectomy hypothyroidism

(Table 4) [15–18]. They noted that some of the proposed

risk factors can be determined only after surgery, whereas

others can be detected during the preoperative period.

Among them, the preoperative TSH level was commonly

noted to have a significant relation with postoperative

hypothyroidism. Similarly, in the present study, the pre-

operative TSH level showed significant correlation with the

development and severity of posthemithyroidectomy

hypothyroidism. In addition to the preoperative TSH level,

our results show that patients who developed posthemi-

thyroidectomy hypothyroidism had a significant smaller

BSA-adjusted remnant thyroid volume compared to those

who remained in the euthyroid state. Although the preop-

erative TSH level had a more significant contribution to the

development of hypothyroidism, logistic regression anal-

ysis showed that the BSA-adjusted remnant thyroid volume

is still an independent risk factor of posthemithyroidecto-

my hypothyroidism. The remnant thyroid volume can be

easily measured from preoperative USG images. Because

most patients with thyroid nodules undergo thyroid USG as

an initial approaching step [5], the remnant thyroid volume

can be easily assessed prior to the time the surgeon must

make a decision about whether to perform diagnostic

hemithyroidectomy.

Although the risk scoring system proposed in this study

showed promising predictability in our cohort of patients, it

Table 2 Independent predictors of posthemithyroidectomy hypothyroidism

Predictor LR Standard error 95.0% CI for LR v2 P

Lower Upper

Preoperative TSH level 1.2187 0.2794 0.7113 1.8143 19.03 \ 0.0001

BSA-adjusted remnant thyroid volume -0.4510 0.2216 -0.9162 -0.0426 4.14 0.0418

LR: likelihood ratio; CI: confidence interval

Table 3 Creation of risk scoring system to predict hypothyroidism

after hemithyroidectomy

Parameter Cutoff valuea Risk score

Preoperative TSH levelb B1 mIU/L 0

[1 and B2 mIU/L 1

[2 mIU/L 2

BSA-adjusted remnant

thyroid volumec
[3 cm3 0

B3 cm3 1

a Cutoff values were determined according to the percentiles of each

variable
b Preoperative TSH level of 1 mIU/L matched the 34th percentile and

2 mIU/L matched the 67th percentile
c BSA-adjusted remnant thyroid volume of 3 cm3 matched the 51st

percentile

Fig. 2 (a) Percentages of

hypothyroidism according to the

risk scoring system.

(b) Receiver operating

characteristic (ROC) curve for

the risk scoring system. AUC:

area under the curve
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has certain limitations for its prompt application in

everyday practice. First, we could not perform a validation

analysis in an independent patient cohort; therefore, the

high predictability of our risk scoring system needs further

validation before its application. Second, the cutoff values

in the risk scoring system are based on the percentiles of

the patients in this study. Koreans have a high level of

iodine intake and excretion, mostly due to the seaweed in

their diet [21]. Epidemiologic studies show that the TSH

level and thyroid volume are affected by iodine intake;

therefore, the cutoff values in this study should be modified

in regions with different iodine intakes [22, 23].

Being able to predict the individual patient’s likelihood of

developing posthemithyroidectomy hypothyroidism is of

value when making diagnostic and therapeutic plans for

patients with thyroid nodules whose FNA results are inde-

terminate. The potential risk of hypothyroidism should be

kept in mind especially when discussing a diagnostic hemi-

thyroidectomy with patients who have a relatively high TSH

level and small thyroid volume. Recent reports regarding the

accuracy of thyroid USG in predicting malignant thyroid

nodules have shown promising results [7–10]. If the inde-

terminate nodules in these high risk patients show USG

features that strongly suggest a benign nature of the nodules,

short-term follow-up with USG and repeated FNA may be a

more reasonable option than proceeding directly to surgery

in terms of preventing unnecessary hypothyroidism. How-

ever, avoiding diagnostic surgery merely to prevent

postoperative hypothyroidism on the basis of the patient’s

small thyroid volume and high TSH level while the patient’s

nodule has certain characteristics of malignancy (e.g., nod-

ule growth, atypical cells in FNA, suspicious USG features)

is not justified. Although preserving thyroid function by

avoiding unnecessary hemithyroidectomy has certain bene-

fits, we should be careful to minimize the chance of delayed

diagnosis of thyroid cancer.

Having a valid prediction model for postoperative

hypothyroidism is also useful when making follow-up

plans for patients undergoing hemithyroidectomy. Most

surgeons recommend regular postoperative visits to the

clinic, although some advise their patients to make future

visits to the clinic only when surgery-related symptoms

develop. Both follow-up policies have advantages and

disadvantages. The former policy is beneficial in terms of

early detection of hypothyroidism but may result in

unnecessary hospital visits. On the other hand, the latter

policy may be cost beneficial, but it inevitably results in

overt hypothyroidism in some patients. Frequent follow-up

and thyroid function monitoring can be tailored to high-risk

patients if a valid prediction model can be established in

prospective studies.
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