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Abstract

Objective. Following thyroid lobectomy, patients are at risk
for hypothyroidism. This study sought to determine the inci-
dence of postlobectomy thyroid hormone replacement as
well as predictive risk factors to better counsel patients.

Study Design. Retrospective cohort study.

Setting. Patients aged I8 to 75 years treated in a single aca-
demic institution who underwent thyroid lobectomy from
October 2006 to September 2017.

Methods. Patients were followed for an average of 73 months.
Demographic data, body mass index, size of removed and rem-
nant lobe, preoperative thyroid-stimulating hormone (TSH)
level, final thyroid pathology, and presence of thyroiditis were
collected and analyzed. Risk factors were evaluated with chi-
square analyses, t tests, logistic regression, and Kaplan-Meier
analysis.

Results. Of the 478 patients reviewed, 369 were included in
the analysis, 30% of whom eventually required thyroid hor-
mone replacement. More than 39% started therapy >12
months postoperatively, with 90% treated within 36 months.
Patient age >50 years and preoperative TSH >2.5 mlU/L
were associated with odds ratios of 2.034 and 3.827,
respectively, for thyroid hormone replacement. Malignancy
on final pathology demonstrated an odds ratio of 7.76 for
hormone replacement. Sex, body mass index, volume of
resected and remaining lobes, and weight of resected lobe
were not significant predictors.

Conclusion. Nearly a third of patients may ultimately require
thyroid hormone replacement. Age at the time of surgery,
preoperative TSH, and final pathology are strong, clinically
relevant predictors of the need for future thyroid hormone
replacement. After lobectomy, patients should have long-
term thyroid function follow-up to monitor for delayed
hypothyroidism.
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hyroid lobectomy has generally been considered a safe
and frequently preferred surgical option for the treatment
of symptomatic unilateral goiter, toxic adenoma, cytologi-
cally indeterminate nodule, and low-risk differentiated thyroid
cancer.' As compared with total thyroidectomy, lobectomy has
a significantly lower rate of postoperative complications, includ-
ing hypocalcemia, bleeding, hematoma, tracheostomy, and vocal
cord paralysis.* Additionally, patients who undergo total thyroi-
dectomy will require long-term routine office follow-up, regular
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blood tests, and lifelong thyroid hormone supplementation.
Most patients who undergo lobectomy do not require thyroid
hormone replacement. The reported incidence of postlobectomy
hypothyroidism is quite variable, from 6.5% to 60%, with a
meta-analysis reporting a pooled risk of 22%."*>® This wide
range is in part due to the varying follow-up durations,
hypothyroidism definitions, timing of thyroid function assess-
ments, and type of thyroid disease included in the studies.’

Determining the incidence of postoperative hypothyroid-
ism following thyroid lobectomy has been complicated by
its varying definitions.*” The National Health and Nutrition
Examination Survey III suggested 0.4 to 4.0 mIU/L as the
reference range for thyroid-stimulating hormone (TSH).
However, others have suggested a lower limit of 2.5 mIU/L
and upper limits of 3.59, 5.5, 7.0, 8.0, and 10.0 mIU/L.51°
This makes interinstitutional studies and larger pooled data
sets difficult to interpret and generalize.>'' Furthermore,
there is growing disagreement on the criteria to initiate thyr-
oid hormone replacement.>>%? It is accepted that untreated
hypothyroidism may cause symptoms such as dry skin,
memory impairment, fatigue, cold intolerance, voice
changes, and constipation.” Yet, chronic replacement ther-
apy with levothyroxine may increase the risk of atrial fibril-
lation or osteoporosis.''™'* This is particularly true in
postmenopausal women, who have been shown to have a 3-
fold higher risk of atrial fibrillation and aggravation of
ischemic heart disease when on chronic thyroid hormone
replacement.””  Additionally, the European Thyroid
Association and the American Thyroid Association suggest
that treating subclinical hypothyroidism when TSH is <10
mlIU/L may be of minimal clinical benefit, as hormone
replacement below these levels may not relieve the symp-
toms of concern.”'°

Within this context, the reported incidence of postlobect-
omy hypothyroidism from 6.5% to 60% must be viewed cri-
tically. Furthermore, the rate of thyroid replacement therapy
is relevant, as one of the purported benefits of lobectomy
over total thyroidectomy is avoiding the requirement of life-
long medication. Only a small subset of studies has selected
the prescription of thyroid hormone replacement as the pri-
mary endpoint over a more stringent biochemical definition
of hypothyroidism, with 2 such studies reporting replace-
ment rates of 7.4% and 48%.%*

Multiple studies have proposed risk factors for the devel-
opment postlobectomy hypothyroidism, including elevated
preoperative TSH, the presence of antithyroid antibody and
lymphocytic infiltration, higher resected lobe size, and
lower remaining lobe volume.'*>*!""!* However, there is
no set consensus within the literature on these risk factors,
and additional research is needed to better identify their
clinical predictive utility. Once identified and validated,
such risk factors could be used to better council patients
during the preoperative evaluation. The decision to proceed
with a thyroid lobectomy versus a total thyroidectomy is
often clear-cut when dictated by the underlying pathology;
however, when the choice is less distinct, a thorough under-
standing of the risks and benefits of each option is essential

for both the surgeon and the patient. This study aims to
identify the incidence of thyroid hormone replacement fol-
lowing thyroid lobectomy and to identify predictive risk fac-
tors for needing hormone replacement.

Methods

This study employed a retrospective cohort study design.
The electronic medical record was queried to identify
patients who underwent thyroid lobectomy between October
2006 and September 2017 at our academic medical center,
with CPT codes 60210, 60212, 60220, and 60225 (Current
Procedural Terminology). Exclusion criteria included having
undergone completion thyroidectomy within the study
period, having preoperative thyroid hormone supplementa-
tion, preoperative TSH not available, and age >75 years.
Chart review was performed on each identified patients to
include all encounters and all prescriptions dispensed from
the time of surgery to July 31, 2020. The endpoint for the
follow-up period for each patients was defined as the most
recent documented service or encounter within the electronic
medical record. The study protocol was approved by the
Naval Medical Center Portsmouth institutional review board.

Data abstracted included patient age, sex, body mass
index, family history of thyroid disease, preoperative TSH,
postoperative symptoms (<3 months), postoperative compli-
cations (<3 months), length of postoperative follow-up,
volume of remaining thyroid lobe, volume of resected thyr-
oid lobe, weight of resected thyroid lobe, presence of thyroi-
ditis on pathology report, and final pathology of resected
thyroid lobe. The normal range for TSH was defined as
0.464 to 4.679 mIU/L, in accordance with our institution’s
laboratory standards. The volume of each lobe and isthmus
was calculated by the formula for an ovoid (width X depth
X length Xw/6) with the measurements determined on preo-
perative thyroid ultrasound.'”

All statistical analyses were performed with R statistics
software (R Foundation for Statistical Computing, v3.6.4).
Demographics were presented with descriptive statistics and
compared between groups of patients with and without
documented thyroid hormone replacement. The prescription
of hormone replacement over time was presented as
Kaplan-Meier survival curves. Risk factors for hormone
replacement were compared between groups prescribed
replacement and not. Independent-sample ¢ tests, chi-square
analyses, and Fisher exact tests were performed depending
on variable characteristics. Odds ratios (ORs) were calcu-
lated with univariate logistic regression, with hormone
replacement as the dependent variable. Furthermore, multi-
variate logistic regression analysis was used to asses the risk
factors of malignant pathology. Kaplan-Meier curves were
generated for time to hormone replacement in the groups
with benign and malignant pathology, with curves compared
per the nonparametric log-rank test. Additional subgroup
analysis was performed on those requiring hormone replace-
ment <3 months versus >3 months. Simple 2-sample ¢ tests
were used for continuous data and Fisher exact test for dis-
crete data.
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478 Results
lobectomies performed
- 2275 years. » A total of 478 patients underwent a lobectomy during the
) s replacaaent study period, and 369 were ultimately included in the analy-

* 51 underwent completion

[49 without pre-op ive TSH ) hormone replacement
‘ thyroidectomy

369
lobectomies included

Figure 1. Patient inclusion flow diagram. TSH, thyroid-stimulating
hormone.
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Figure 2. Kaplan-Meier curve for prescription of postoperative
thyroid hormone replacement as a function of time. Dashed line
indicates point at which 90% of patients who were prescribed
postoperative thyroid hormone replacement had started therapy.

Variable OR p-value

Age>50 years 2.02 0.003 —0—

Male 0.78 0365 —l—

BMI 1.02 0.217 [ ]

Family History 1.67 0.065 ——

Presence of Thyroiditis 1.54 0.131 —i—

Pre-operative TSH>2.5mIU/L  3.83 <0.001 —0—

Post-operative symptoms 1.50 0.204 ——

Resected lobe volume 0.99 0.569

Resected lobe weight 0.99 0.948

Remaining lobe volume 0.99 0.890

Malignancy 7.76 <0.001 —
OISD cl” “n ' ‘4O‘R Syv?thz;?% cl a8

Figure 3. Odds ratios (ORs) generated by logistic regression for
the prescription of postlobectomy thyroid hormone replacement
dependent on patient and surgical characteristics. BMI, body mass
index; TSH, thyroid-stimulating hormone.

sis (Figure 1). Demographics and perioperative data are
presented in Table I. The average in-person postoperative
follow-up was 2.6 months (range, 1 day—41.3 months).
However, the average follow-up time via electronic chart
review was 73.8 months (range, 13 days—160 months). This
resulted in 30% of patients being followed >96 months
after surgery and 16% for >120 months. The overall inci-
dence of thyroid hormone replacement was 30.1%, with
29% of these patients starting medication within postopera-
tive 6 months and 39% at >1 year. Additionally, 90% of
patients who started hormone therapy did so within 36
months following surgery (Figure 2).

Need for thyroid hormone replacement was associated
with older age, higher preoperative TSH, and presence of
malignant thyroid pathology. Age and preoperative TSH
were categorized into groups (>50 vs <50 years, >2.5 vs
<2.5 mlU/L) to align with accepted clinical cutoffs.
Patients >50 years old had an increased risk of requiring
hormone replacement as compared with those <50 years
old (OR, 2.034; 95% CI, 1.287-3.215). Patients with a preo-
perative TSH >2.5 mIU/L had an increased risk of needing
hormone replacement as compared with <2.5 mIU/L (OR,
3.827; 95% CI, 1.846-7.935). The remaining variables did
not demonstrate a significant association with the eventual
need for hormone replacement (Figure 3).

For malignant pathology, there was a 7.76-times increase
in odds (95% CI, 4.41-13.63) of requiring postoperative
medication relative to whether the pathology was benign.
Upon adjusting for age at the time of surgery and preopera-
tive TSH level, the adjusted OR remained significant at 4.45
(95% CI, 2.16-9.48). A log-rank test for equivalence was per-
formed for the malignant versus benign survival curves and
found to have a chi-square statistic of 21.3 (P < .001), reject-
ing the null hypothesis of equivalence (Figure 4).

Additional subgroup analysis was performed comparing
those requiring early versus late replacement (<3 vs >3
months postoperatively). The early replacement group
showed a significantly smaller remaining thyroid lobe
volume (mean [SD], 4.8 [2.6] cm®) when compared with
late replacement group (7.2 [8.25] cm®, P = .038). Early
replacement was also associated with a final malignant
pathology of 40.6%, as opposed to 12.2% for late replace-
ment (P =.002; Table 2).

Discussion

This study showed a hormone replacement rate of 30.1%
following lobectomy for all indications. Two similar studies
reported replacement rates of 7.4% and 48%.%® When com-
pared with this study, those studies had smaller cohorts,
shorter follow-up duration, and more restricted pathologic
inclusion criteria. Farkas et al studied patients undergoing
lobectomy for solitary nodules, while Su et al included only
benign pathology.®'¢
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Table I. Demographics and Clinical Characteristics of Patients Who Required Thyroid Hormone Replacement Following Thyroid

Lobectomy.
Patients, No. (%)*
No hormone Hormone
Total (N = 369) replacement (n = 258) replacement (n = I 1) P value
Age,y
Mean * SD 438 = 123 426 * 123 46.6 = 124 .005
18-29 65 (17.6) 50 (19) 15 (14)
30-49 174 (47) 130 (50) 44 (40)
>50 130 (35) 78 (46) 52 (47) .002
Sex: female 278 (75) 191 (74) 87 (78.4) 364
Body mass index, mg/kg?, mean = SD 288 = 6.3 28.6 = 6.0 294 *+7.0 .288
Family history of thyroid disease 75 (24.5) 45 (21.5) 30 (30.9) .087
Preoperative TSH, mIU/L
Mean * SD .34 = 1.08 .65 = I.13 .21 = 1.06 <.001
<0.4 36 (1)
0.4 to <25 262 (79)
2.5 to <4.0 27 (8)
>4.0 7(2)
>2.5 34 (10) 14 (6) 20 (20) <.001
Postoperative (<3 mo)
Symptoms 50 (13.7) 31 (12) 19 (17) 202
Complications 21 (4) 22 (9) 9 (8.1) .886
Temporary TVC weakness 5(1.4)
Permanent TVC weakness 0
Seroma 3 (0.83)
Hematoma 2 (0.55)
Hypocalcemia 1 (0.28)
Lobe volume, cm3, mean = SD
Remaining 65+ 58 65 =53 6470 .902
Resected 222 £ 223 22.7 £ 226 21.2 £ 218 .563
Resected lobe weight, g, mean = SD 20.7 = 18.7 20.7 = 18.6 20.6 = 19.1 949
Final pathology
Benign 329 (89) 240 (92.9) 89 (79.6) <.001
Follicular adenoma 188 (57.1)
Multinodular goiter 129 (39.2)
Other® 4(1.2)
Malignant 40 (11.0) 18 (7.1) 22 (20.4) .0002
Papillary thyroid carcinoma 35 (87.5)
Follicular thyroid carcinoma 4 (10)
Squamous cell carcinoma I (2.5)
Thyroiditis on pathology report: positive 68 (19.0) 43 (17.1) 25 (23.6) .184
Follow-up, mo, mean = SD (range)
In person 2.17 = 4.0 (0.03-31.2) .69 = 2.6 3.38 £ 6.2 .0l
Electronic 74.8 = 41.7 (0.43-160) 729 £ 427 79.7 £ 393 .138

Abbreviations: THS, thyroid-stimulating hormone; TVC, true vocal cord.

*Values are presented as No. (%) unless noted otherwise.
bTwo cases of colloid cysts and 2 cases of parathyroid cysts.
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Table 2. Demographics and Clinical Characteristics of Patients Who Required Early vs Late Thyroid Hormone Replacement Following

Thyroid Lobectomy.?

Within 3 mo (n = 32) After 3 mo (n =77) P value
Age, y 445 = 112 47.1 =129 281
Sex: female 27 (84.4) 58 (75.3) 299
Body mass index, mg/kg? 28.6 = 5.5 297 =76 417
Family history of thyroid disease 7 (21.9) 23 (29.8) 323
Preoperative TSH, mIU/L 1.56 = 1.0l 1.66 = 1.07 .656
>2.5 6 (20.7) 13 (18.6) .786
Lobe volume, cm®
Remaining 48 + 26 7.2 + 825 .038°
Resected 185 + 14.0 22.5 = 246 292
Resected lobe weight, g 17.5 = 149 219 =208 249
Final pathology: malignant 13 (40.6) 9(122) .002°
Thyroiditis on pathology report: positive 8 (25.8) 16 (21.6) .641

Abbreviation: THS, thyroid-stimulating hormone.
*Values are presented as mean * SD or No. (%).

®p <.05.
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Figure 4. Kaplan-Meier curves for prescription of postoperative
thyroid hormone replacement as a function of time for the malig-
nant and benign pathology subgroups (log-rank test, P <.001).

One potential reason for the reported higher rate of
replacement therapy within this study is the longer follow-
up time. Most studies evaluating postoperative hypothyroid-
ism followed patients for 24 or 48 months and reported
that 90% of patients were diagnosed in the first 12
months.>*>!'* Within our institution, access to medical care
is universally covered, and there is no additional patient
cost for follow-up visits or medications. Additionally,
patient records within our nationwide health care network
are reviewable from any location, and patient electronic
health information is available even after patients have
moved away from the surgical practice or even the geo-
graphic area, as long as they retain benefits within the

health system. This strength allowed patient follow-up data
to be captured for a mean 73.8 months postoperatively.

Our results show that while 29% of those receiving hor-
mone replacement started therapy within the first 3 months
postoperatively, an additional 39% began therapy after 12
months. Routine follow-up past 3 to 6 months is not stan-
dard after a thyroid lobectomy. It therefore follows that the
diagnosis of hypothyroidism for 53% to 71% of patients and
their subsequent need for hormone replacement therapy could
be delayed or missed. To identify 90% of those requiring
replacement, thyroid function surveillance would need to be
performed until at least 36 months postoperatively.

In keeping with previous studies, our results showed that
age and preoperative TSH have a significant correlation with
the need for thyroid hormone replacement. Age >50 years
more than doubles the risk for thyroid hormone replacement,
while a preoperative TSH >2.5 mIU/L portends a nearly a 4-
times higher risk. This study also revealed a significant corre-
lation between the final pathology within the resected thyroid
lobe and the need for eventual hormone replacement, with an
increased odds of requiring hormone replacement at nearly
4.5 times that of the group with benign pathology, even when
adjusting for age and preoperative TSH.

One explanation for this unique finding is that earlier
studies primarily focused on lobectomies performed for
benign disease. In part this was due to the previously
customary practice of prescribing postoperative thyroid hor-
mone replacement to suppress the development of additional
disease in the thyroid remnant, which would therefore pre-
clude these patients from evaluation within earlier incidence
studies.”'*'* This practice is less common, and each pre-
scription of replacement hormone within this cohort was
verified to be prescribed only for hypothyroidism rather
than for tumor suppression. The underlying biochemical
explanation of the impact of malignancy within the resected
lobe on the remaining lobe’s endocrine function is not yet
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clear. This question warrants future study, but even without
a known mechanism, our findings provide a new and power-
ful predictive risk factor to assist in counseling patients on
the eventual need for thyroid hormone replacement follow-
ing thyroid lobectomy.

Limitations of our study include its retrospective single-
institution nature. Additionally, as with most retrospective
studies, we encountered inconsistent preoperative collection
of thyroid hormone levels, postoperative TSH, and pre- and
postoperative thyroid antibody levels. Furthermore, while the
design of the electronic medical record allowed for uncom-
monly long follow-up of medication prescriptions, it was not
clear if and when patients stopped taking these medications.
This prevents distinguishing between temporary and perma-
nent postoperative hypothyroidism. However, this weakness
would not likely have an impact on the observations of
higher rates of delayed hypothyroidism (>12 months) or the
association with malignancy. Based on the promising prog-
nostic findings from this study, a prospective trial is under-
way to better delineate these factors and their impact on
hormone replacement.

Conclusion

To date, this study examined postlobectomy hormone replace-
ment in the largest cohort over the longest duration. Findings
demonstrated a 30% incidence of thyroid hormone replace-
ment and identified age, preoperative TSH, and an underlying
malignant pathology as powerful and clinically relevant risk
factors for starting hormone replacement therapy. Delayed
hypothyroidism following surgery was also identified, with
39% of patients starting therapy >1 year postoperatively. We
therefore recommend long-term surveillance of thyroid func-
tion for patients following lobectomy.
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