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Abstract

Background—The purpose of this study was to determine the incidence of and identify risk factors
for post-operative hypothyroidism in patients undergoing thyroid lobectomy.

Methods—We retrospectively reviewed patients who underwent a thyroid lobectomy for benign
disease from May 2004 to December 2007. Patients with known hypothyroidism or on preoperative
thyroid hormone replacement were excluded.

Results—In this study, 14.3% of patients developed hypothyroidism and required thyroid hormone
supplementation. These hypothyroid patients had a higher mean pre-operative TSH and lower mean
free T4 serum levels compared to euthyroid patients (TSH: 2.12 vs. 1.35 plU/ml, P=0.006; free T4:
1.03 vs. 1.34 ng/dl, P=0.01, respectively). When stratified into three groups based on their pre-
operative TSH measurement (< 1.5, 1.51 — 2.5, and > 2.51 plU/ml), the rate of hypothyroidism
increased significantly at each level (13.5%, 20.5%, and 41.3%, respectively, P<0.001). In addition,
patients with Hashimoto’s thyroiditis were significantly more likely to become hypothyroid (OR
3.78,95% CI 2.17 — 6.60).

Conclusion—Following thyroid lobectomy, approximately 1 in 7 patients will experience
hypothyroidism requiring thyroid hormone treatment. Patients with pre-operative TSH levels > 1.5
plU/ml, lower free T4 levels, and Hashimoto’s thyroiditis are at increased risk and should be
counseled and followed appropriately.
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Background

Thyroid lobectomy or hemithyroidectomy is a frequently performed procedure that is indicated
in patients with a variety of thyroid conditions, both benign and malignant (1). Risks and
complications following a thyroid lobectomy include among others hypothyroidism, seroma
or hematoma formation, injury to the recurrent or superior laryngeal nerves, and rarely infection
(2). Traditionally, routine post-operative thyroid hormone replacement with L-thyroxine or
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levothyroxine was given to suppress the development of additional nodular disease in the
thyroid remnant (3-6). However, this customary practice has fallen out of favor at some
institutions since many patients will not require supplemental thyroid hormone. While thyroid
hormone replacement is required after total thyroidectomy, it is not clear when, and if, thyroid
hormone should be administered after unilateral thyroid lobectomy. Theoretically, one thyroid
lobe should possess enough functioning thyrocytes for a patient to remain euthyroid. In fact,
many surgeons and patients opt for unilateral thyroid resection due to the belief that post-
operative thyroid hormone therapy will not be required. However, patients with reduced thyroid
function pre-operatively may not have sufficient thyroid tissue remaining after thyroid
lobectomy (7).

Patients with hypothyroidism can develop weight gain, fatigue and sleepiness. Patients who
develop hypothyroidism following thyroid lobectomy will require life-long thyroid hormone
replacement, as well as routine laboratory investigations and medication adjustments.
Furthermore, adverse effects of chronic L-thyroxine may occur such as arrythmias (atrial
fibrillation) or loss of calcium in the bones resulting osteopenia or osteoporosis. An increased
ability to recognize which patients are most at risk for developing hypothyroidism will improve
patient care. Therefore, the objectives of this study were to determine the incidence of
hypothyroidism in a large cohort and identify risk factors for post-operative thyroid hormone
replacement in patients undergoing thyroid lobectomy for benign disease.

We retrospectively reviewed all patients (n=671) who underwent a thyroid lobectomy from
May 2004 to December 2007 at the University of Wisconsin Hospital and Clinics. Patients
with a malignancy (n=107) or pre-operative hypothyroidism (n=17) were excluded. Patients
with hyperthyroidism were included. Pre-operative hypothyroidism was defined as patients
with known diagnosed hypothyroidism, patients on pre-operative thyroid hormone treatment
for any reason, or patients with a baseline TSH above the upper limit of normal at our institution
(normal TSH range 0.34-4.82 plU/ml). The number of patients in this group may appear lower
because we do not treat patients with nodular disease and normal TSH levels with thyroid
hormone. Therefore, the number of patient on pre-operative thyroid hormone replacement is
lower than in other series where this is done. Thyroid lobectomy was considered to be the
resection of either the right or left thyroid lobe with isthmusectomy. A TSH level was measured
inall patients approximately 6 to 8 weeks after surgery during routine follow-up. Post-operative
hypothyroidism was defined as a serum TSH level greater than the upper limit of normal (4.82
pulU/ml) measured at least 6 weeks after surgery. Diagnoses of Hashimoto’s thyroiditis and
goiter were confirmed by pathology. In addition, thyroid nodule size and resected gland weight
were obtained from pathological review. Patients were additionally stratified into three groups
based on their pre-operative TSH levels in order to determine the probability of developing
hypothyroidism in each group. These groups were defined by TSH levels < 1.5, 1.51 — 2.50,
and > 2.5 plU/ml. The median follow-up was 32 months (range 12-54 months).

This study was approved by the University of Wisconsin Human Subjects Institutional Review
Board. The statistical analysis of the differences between hypothyroid and euthyroid patients
was performed by 2-sided Fisher’s exact test and unpaired t tests using the SPSS statistical
software version 10.0 (SPSS Corporation, Chicago, IL). Odds ratios (OR) with 95% confidence
intervals (Cl) were determined and used to assess risk. ANOVA with Bonferroni post-hoc
correction was used for sub-analysis of the three pre-operative TSH levels. Statistical
significance was defined as a P<0.05. Data are shown as mean = standard error of the mean
(SEM).
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We identified 547 patients who underwent a thyroid lobectomy for benign disease at the
University of Wisconsin during the study period. Following thyroid lobectomy, 78 of 547
patients (14.3%) required post-operative thyroid hormone replacement. The mean age of the
total patients studied was 50 + 1 years, and the majority (80%) was female (Table 1). No
significant differences existed between hypothyroid and euthyroid patients in terms of age
(Table 1). More hypothyroid patients tended be female, though this difference was not
statistically significance (89% vs. 78%, P=0.06; OR = 2.03 (95% CI 0.98 — 4.20).

Analysis of the laboratory values of the patients confirmed that hypothyroid patients had a
significantly higher mean pre-operative TSH level compared to euthyroid patients (2.12 vs.
1.35 plU/ml, P=0.006). Patients who developed hypothyroidism also had a lower mean
preoperative T4 level (1.03 vs. 1.34 ng/dl, P=0.01; normal 0.7 — 1.8 ng/dl). Post-operatively
we additionally examined the difference in mean calcium levels between these 2 groups of
patients which were found to be similar (P=0.56, Table 2).

Several patient factors also were analyzed for their prognostic value. Hypothyroid patients had
a significantly higher rate of Hashimoto’s thyroiditis than euthyroid patients (32% vs. 11%,
P<0.001, Table 3). This relationship was such that patients with Hashimoto’s thyroiditis were
nearly four times more likely to require post-operative thyroid hormone replacement therapy
(OR=3.78,95% Cl1 2.17 - 6.60). Hypothyroid and euthyroid patients were similar with respect
to a history of previous thyroid surgery or neck dissection (Table 3). Furthermore, no statistical
differences were observed between the two groups based on the presence of a goiter, the size
of the nodule removed, or the resected gland weight (Table 3).

In order to identify a TSH level where the proportion of patients were more likely to require
post-operative thyroid hormone replacement, the patients were stratified into three groups
based on their pre-operative TSH levels (<1.5, 1.51 — 2.50, or > 2.5 plU/ml). When stratified
by pre-operative TSH levels, 13.5% patients with TSH levels <1.5 plU/ml, 20.5% of patients
with a TSH between 1.51 — 2.50 plU/ml, and 41.3% of patients with a TSH >2.5 plU/ml
developed hypothyroidism that required post-operative thyroid hormone replacement
(p<0.0001 by ANOVA). Figure 1 demonstrates that the differences in the rate of
hypothyroidism between each group of patients were statistically significant. With each
increasing level of pre-operative TSH, a significantly larger proportion of patients required
thyroid hormone replacement after thyroid lobectomy. For patients with a TSH < 1.5 plU/ml,
the percentage that became hypothyroid (13.5%) was similar to the study population as a whole
(14.3%).

Discussion

This study was designed to assess the rate of and identify factors for the development of
hypothyroidism following thyroid lobectomy. While all patients undergoing total
thyroidectomy require life-long thyroid hormone replacement, only a proportion of patients
will have the same need after a lobectomy. Defining the risks of hypothyroidism development
is crucial in order to develop better pre-operative counseling, management strategies, and
follow-up for patients undergoing this procedure. We found that 14.3% of patients required
thyroid hormone replacement after undergoing a thyroid lobectomy for benign disease. The
variables that were significantly increased in hypothyroid patients were a higher mean pre-
operative TSH, a lower pre-operative T4 level, and the presence of Hashimoto’s thyroiditis.
Specifically, patients with a pre-operative TSH level > 1.5 plU/mL had a higher proportion of
hypothyroidism development. Furthermore, female sex may also be potential risk factors for
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hypothyroidism post-thyroid lobectomy, although this factor only trended toward statistical
significance.

Previously reported rates of hypothyroidism after thyroid lobectomy or hemithyroidectomy
range from 5% to 49%, with most between 15% and 30% (7-14). In the largest reported study
with 1051 patients who underwent hemithyroidectomy, 28% of patients required thyroid
hormone supplementation post-operatively, but 6% of the patients included were hypothyroid
prior to surgery (13). This incidence varies largely depending upon how hypothyroidism was
defined and the length follow-up (2,9,12,14-16). The incidence of hypothyroidism requiring
post-operative thyroid hormone replacement in our study of 14% falls within this reported
range, but at the lower end. Our data may have underestimated the true incidence of post-
operative hypothyroidism in this patient population because participants were screened at 6 to
8 weeks after lobectomy. With our median follow-up of 32 months, it is likely that more patients
will develop hypothyroidism with time. The incidence of hypothyroidism increases with age
in the normal population. In other studies, the mean time to the diagnosis of hypothyroidism
has been 5 to 7 months and up to 38% of patients have taken 6 or more months to develop this
complication (9,11,14). On the other hand, Piper et al. reported that 92% of patients were
diagnosed by 8 weeks (12). Another reason that our incidence of hypothyroidism following
thyroid lobectomy may be lower than other reports is that our biochemical definition of
hypothyroidism only identified those patients with a TSH that was elevated as opposed to
patients who were treated with thyroid hormone in the absence of laboratory abnormalities. In
a study by Kobh et al., of the 43% of patients with hypothyroidism, 19% had overt
hypothyroidism, whereas 81% had subclinical disease (9).

When we examined the pre-operative laboratory values of the patients, those patients who
developed hypothyroidism after thyroid lobectomy had higher TSH levels and lower free T4
levels than their euthyroid counterparts (Table 2). Of note, these levels were still within the
normal reference ranges of our laboratory. Several studies also have reported that patients who
become hypothyroid have “higher normal” pre-operative TSH levels (8-11,14,16,17).
However, to the best of our knowledge, the result of lower free T4 levels in hypothyroid patients
has not been previously shown, perhaps because this laboratory value is not routinely measured.
Due to the inverse relationship of TSH and T4 levels, the finding that the hypothyroid group
had lower free T4 levels before surgery is not surprising. Other pre-operative measurements
that may be increased in patients who are hypothyroid following lobectomy are thyroglobulin
and thyroperoxidase (microsomal) antibodies (8,9,15).

Further examination of TSH values in this study revealed a significantly increased rate of
hypothyroidism in patients with pre-operative TSH levels from 1.51 to 2.5 plU/ml and an even
higher rate in patients with TSH levels >2.5 pulU/L when evaluated against patients with levels
<1.5 plU/ml. Recently both Moon and Wormald described that an elevated TSH level was an
independent risk factor for the development of hypothyroidism following thyroid lobectomy
(14,16). In addition, studies that have used one cutoff value such as a TSH level >1.6 or >2.0
pIU/ml have found that patients are 7-10 times more likely to develop hypothyroidism
following surgery (8,14). When these results are considered together, “normal elevated” pre-
operative TSH levels >1.5 plU/ml, especially when seen with lower pre-operative T4 levels
or specific antibodies, should alert the surgeon to a potential increased risk of hypothyroidism
following thyroid lobectomy with appropriate pre-operative counseling of patients.

In addition to an elevated pre-operative TSH and a decreased T4 measurement, we found that
Hashimoto’s thyroiditis was another factor that increased the need for thyroid hormone
supplementation. This diagnosis resulted in patients being almost four times more likely to
develop hypothyroidism after thyroid lobectomy. Hashimoto’s thyroiditis is an inflammatory
disease that is the most common cause of hypothyroidism in the United States, and is found
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more frequently in females (18). Additionally, Hashimoto’s thyroiditis is characterized by
intense lymphocytic infiltration of the thyroid and the presence of thyroid auto-antibodies.
Other investigations have found a similar relationship between either Hashimoto’s thyroiditis,
the degree of lymphocytic infiltration, the presence of chronic inflammation, or detectable
thyroid auto-antibodies and hypothyroidism following lobectomy (9,11,12,14,15,17). The
association among the presence of Hashimoto’s thyroiditis, a “normal elevated” TSH, a low
free T4, and thyroid auto-antibodies is likely due to the underlying pathologic disease process.
When we retrospectively compared the pre-operative labs of patients with and without
Hashimoto’s thyroidits, we discovered that patients with this diagnosis had significantly higher
mean TSH levels and lower free T4 levels (TSH: 2.25 £ 0.31vs 1.19 + 0.06 plU/ml, P<0.001;
free T4:0.53£0.08 vs 1.57 + 0.01 ng/dl, P=0.29). Awareness that Hashimoto’s thyroiditis and
these additional factors significantly increase the risk of developing post-operative
hypothyroidism following thyroid lobectomy is an important tool in counseling patients
regarding their chances of needing thyroid hormone replacement therapy in the future.

While patients with hypothyroidism had equivalent resected gland weights in this and other
studies, a smaller remnant volume as measured by ultrasound has been recognized as a risk
factor for hypothyroidism (14,16,17). Of the other patient variables that we investigated that
were not related to the development of hypothyroidism (age, history of thyroid surgery or neck
dissection, goiter presence, and nodule size), only patients with the diagnosis of a multinodular
goiter have been shown to have a higher risk for the occurrence of hypothyroidism (11). The
results of the present study are limited by the retrospective design and the lack of analysis of
certain factors such as thyroid auto-antibodies and remnant volume. In addition, our definition
of and screening for hypothyroidism after lobectomy may have excluded some patients with
subclinical disease or a longer time course to the development of disease. Adequate
postoperative screening for hypothyroidism may need to continue for at least 12 months post-
surgery with a heightened awareness for patients reporting symptoms consistent with an
underactive thyroid.

Interpretation of these results and the related literature has several practical implications in the
clinical setting. A pre-operative TSH level >1.5 plU/ml, a lower pre-operative free T4 level,
and/or known Hashimoto’s thyroiditis, especially in a female patient, should alert the clinician
that the likelihood of developing hypothyroidism requiring thyroid hormone supplementation
after a thyroid lobectomy is significantly increased. The incidence of hypothyroidism is not
negligible following thyroid lobectomy, but may not be as high as previously reported. Patients
with an increased potential for post-operative hypothyroidism must be made aware of their risk
factors and undergo more intensive follow-up.
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Figure 1.

When stratified by pre-operative TSH levels, patients with a TSH > 2.5 plU/mL (41%) were
most likely to need post-operative thyroid hormone replacement followed by patients with a

TSH from 1.51 — 2.5 plU/mL (21%). Compared to patients with TSH levels < 1.5 plU/mL of
whom 14% became hypothyroid this increased incidence was significant (*P<0.05; tP<0.0001
by ANOVA Bonferroni post-hoc correction).
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Table 1
Patient Demographics
Total Hypothyroid Euthyroid P value
Number (%) 547 78 (14) 469 (86)
Age” 50+1 52+2 491 0.13
Sex, Female (%) 440 (80) 69 (89) 371 (79) 0.06

*
Data are expressed as mean + SEM
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Hypothyroid Euthyroid P value
(n=78) (n=469)
Pre-operative
Serum TSH (plU/ml) 2.12+0.26 1.35+0.07 0.006
Serum free thyroxine (T4, ng/dI) 1.03+0.07 1.34+0.10 0.01
Post-operative
Serum calcium (mg/dl) 8.9+0.10 8.9+0.05 0.56

Data are expressed as mean + SEM, TSH: thyroid stimulating hormone
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Hypothyroid Euthyroid P value
(n=78) (n=469)
History of thyroid surgery (%) 2(2.5) 7(1.5) 0.62
Previous Neck Dissection (%) 1(1.3) 6 (1.3) 1.00
Goiter (%) 27 (35) 154 (32) 0.70
Hashimoto’s Thyroiditis (%) 25 (32) 52 (11) 0.001
Nodule Size (cm)” 30+02 28+01 0.60
Gland Weight (gm)”~ 32+5 2742 021

*
Data are expressed as mean + SEM
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