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Abstract

Objective: A large goiter may cause compression of the tra-
chea. The aim of this study was to investigate the impact of
thyroidectomy on tracheal anatomy and airflow and to cor-
relate this with changes in health-related quality of life
(HRQol) in patients with benign nodular goiter. Methods:
Magnetic resonance images of the neck and respiratory
flow-volume curves, including both inspiration and expira-
tion, were performed prior to and 6 months following sur-
gery. HRQoL was measured by selected scales from the thy-
roid-specific patient-reported outcome (ThyPRO). Cohen’s
effect size (ES) was calculated as mean change divided by
standard deviation at baseline. ES of 0.2-0.5 were defined as
small, 0.5-0.8 as moderate, and values >0.8 as large. Results:
Sixty-five patients completed all examinations. Median goi-
ter volume was 58 mL (range, 14-642 mL) before surgery
with surgical removal of a median of 43 g (range, 8-607 g).
Six months after surgery, tracheal narrowing and deviation
were diminished by a median of 26% (ES = 0.67, p < 0.001)

and 33% (ES=0.61, p < 0.001), respectively. Corresponding-
ly, each 10% decrease in goiter volume resulted in 1.0% less
tracheal narrowing (p < 0.001). Concomitantly, a small im-
provement was seen in forced inspiratory flow at 50% of
forced vital capacity (ES =0.32, p < 0.001). A reduction in tra-
cheal narrowing was associated with improvements in the
Impaired Daily Life scale (0.33 points per 1% decrease in tra-
cheal narrowing, p =0.03) of the ThyPRO questionnaire. Con-
clusions: In patients with symptomatic benign nodular goi-
ter, thyroidectomy resulted in substantial improvements in
tracheal anatomy and improvements in inspiratory flow,
which were followed by gains in HRQoL. This information is
pertinent when counseling patients before choice of treat-

ment. © 2017 European Thyroid Association

Published by S. Karger AG, Basel

Introduction

Benign nodular goiter is common in the adult popula-
tion [1]. While iodization programs and alterations in
smoking behavior have reduced the impact of the major
environmental triggers, awareness of therapeutic modal-
ities remains important [5], especially in genetically sus-
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ceptible individuals [2-4]. The treatment strategy de-
pends on a number of factors, including risk or fear of
malignancy, as well as patient discomfort and preference,
with the overall goal of improving health-related quality
of life (HRQoL). Current treatment options comprise
surgery [6], shown to substantially improve HRQoL [7],
radioiodine [8, 9], ethanol sclerotherapy [10, 11], and ul-
trasound-guided interventional ablation, with laser or ra-
diofrequency as the most used modalities [5, 11, 12].

A goiter may cause compression of the trachea and the
surrounding structures, and can occasionally lead to
acute respiratory insufficiency [13-16]. Nevertheless, due
to its slow development and patient adaptation, tracheal
compression often remains unrecognized [13, 17, 18].
Several studies have shown that thyroidectomy improves
tracheal airflow [19, 20]. However, with the exception of
case studies reporting the risk of tracheomalacia and col-
lapsed airways following thyroidectomy [20-22], no data
are available on the change in tracheal anatomy after sur-
gery [6] or on how this affects HRQoL.

As for tracheal parameters, the therapy options for
goiter reduction can be expected to differ in efficacy, due
to differences in, for example, magnitude of goiter reduc-
tion, relief of tracheal compression, and amount of post-
treatment fibrosis. Therefore, the choice of the optimal
treatment for the individual patient is not straightfor-
ward. The aim of this study was to investigate, longitudi-
nally, the effect of thyroidectomy on tracheal anatomy
and tracheal airflow in patients with benign nodular goi-
ter, and to correlate these changes with HRQoL.

Materials and Methods

Participants

In our tertiary referral center, consecutive benign nodular goi-
ter patients planned for thyroid lobectomy or total thyroidectomy
were asked to participate in the study. Nodular goiter was defined
as the presence, at ultrasound investigation, of an enlarged thyroid
gland (thyroid volume >18 mL in women and >25 mL in men [23])
with 1 or more nodules. Serum levels of total thyroxine (T4) and
total triiodothyronine (T;) had to be within the normal range (67—
134 nmol/L and 1.35-2.33 nmol/L, respectively), but both sub-
clinically hypo- and hyperthyroid patients were eligible. Patients
were referred from a geographically well-defined catchment area
of 1.2 million inhabitants and were included from November 1,
2014 to April 30, 2016. They were followed up for 6 months with
the last visit on March 2, 2017. Exclusion criteria were (1) previous
surgery to the neck; (2) suspicion of thyroid cancer, as these pa-
tients follow a fast track program [24]; (3) age below 20 years, as
the trachea still develops in young men until this age [25], or age
above 80 years; and (4) neuromuscular diseases including diabetes
mellitus.
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Assessment of Thyroid and Tracheal Anatomy

We performed magnetic resonance imaging (MRI) of the neck
(Achieva D-stream; Phillips, Eindhoven, The Netherlands) in both
sagittal and horizontal planes, from the epiglottis to the base of the
carina. This was carried out a median of 13 days (range, 1-90) be-
fore and a median of 180 days (range, 148-210) after surgery
(equaling 6 months). T1- and T2-weighted images were construct-
ed at a slide thickness of 7 mm while the scanner operated at 1.5 T.
Repetition time was 680 ms, echo time 12 ms, and completion time
12-15 min. Patients were instructed to avoid swallowing during
image construction.

To estimate the volumes of the trachea (from the epiglottis to
the carina) and the thyroid gland, the cross-sectional areas of the
interior trachea and the thyroid, respectively, were manually
traced at each horizontal slide and multiplied with the slide thick-
ness. From these images, the smallest cross-sectional area of the
trachea (SCAT) was identified. Next, this area was compared to the
cross-sectional area of the trachea 2 cm above the carina (CCAT),
as this tracheal parameter is considered constant [25]. Tracheal
narrowing was assessed as the (CCAT-SCAT)/CCAT ratio, reflect-
ing possible upper airway obstruction. The maximum tracheal en-
circlement by the thyroid in degrees, maximum tracheal deviation
from the midline, and maximum horizontal diameter of the largest
thyroid nodule were assessed. Finally, the cervical or substernal
goiter position was assessed according to the clinical definition
[26], requiring a portion of the goiter to be permanently retroster-
nal in a nonhyperextended neck.

Respiratory Function

Flow-volume loops were recorded before and 6 months after
surgery, using a precision pneumotachograph (MasterScreen PFT;
Jaeger/CareFusion, Hoechberg, Germany). The participants were
positioned in a chair with lumbar support and asked not to flex or
extend the neck. Each patient performed a forced maximal expira-
tion, immediately followed by a forced maximal inspiration. The
procedure was repeated at least 3 times. Medication for pulmonary
disease (used by 4 patients) was allowed up to 5 h prior to the ex-
amination. From the flow-volume curves the forced vital capacity
(FVC), forced expiratory volume in the first second of forceful ex-
halation (FEV)), peak flow (PEF), forced expiratory flow at 50% of
FVC (FEFsq,), forced inspiratory flow at 50% of FVC (FIFsy,),
FEV,/PEF, and FEFs5,/FIFs, parameters were obtained and eval-
uated. All data were entered twice manually and compared for in-
congruence using REDCap® based at Vanderbilt University Med-
ical Center [27].

Health-Related Quality of Life

Changes in HRQoL were measured by the thyroid-related pa-
tient-reported outcome (ThyPRO) instrument, recently recom-
mended as the only validated tool for evaluating HRQoL in pa-
tients with benign thyroid diseases [28]. The questionnaire has
been extensively validated for use in multiple languages, including
Danish [29-31]. Individual scales of the questionnaire can be se-
lected for measuring specific areas of interest [32]. We therefore
selected the Goiter Symptom, Tiredness, Anxiety, and Impaired
Daily Life scales as relevant in this setting. The reduced version of
the questionnaire thus consisted of 31 items, and the answer to
each item was rated on a 5-point Likert scale from 0 (not at all) to
4 (very much), referring to the last 4 weeks. Each scale was scored
as a summary score (with reversal of positively formulated items)
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Patients with nodular goiter
n =267

Not assessed for eligibility, n = 38
Missed invitation to participate, n = 10

\J

Unable to read/write Danish, n = 12
Insufficient examination capacity, n = 16

n=

Assessed for eligibility

Excluded, n = 90

Age <20 years or >80 years, n = 14
Previous neck surgery, n = 38
Suspicion of cancer, n = 14
Neuromuscular disease, n = 24
RLN paralyses, n = 0

\

Eligible, but not included, n = 64
Declined participation, n = 64

Unable to complete examination, n = 3

Completed examinations
before surgery
n=72

Discomfort during first MR, n = 1
Unable to perform flow-volume loop, n = 2

Lost to follow-up, n
Thyroid cancer, n
Pregnancy, n = 3

7
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v

Y

Discomfort during second MR, n = 1
Nonresponse, n =1
Cervical surgery in study period, n = 1

Fig. 1. Flow diagram of patient inclusion

Completed all examinations
6 months after surgery
n =65

and follow-up. RLN, recurrent laryngeal
nerve.

and linearly transformed to a range of 0-100 points, with higher
scores indicating poorer health status. The questionnaire was ad-
ministered to the patients at the initial consultation and at the day
of follow-up, without supervision from health care personnel.

Some of the presented HRQoL data have previously been in-
cluded in our recent study, where HRQoL after thyroidectomy was
the focus [7].

Surgical Procedure

A consultant in head and neck surgery performed a total extra-
capsular thyroidectomy or a lobectomy, applying the same stan-
dardized technique in all patients. The procedure was performed
under general anesthesia using the NIM EMG tube (Medtronic,
USA) for monitoring of the recurrent laryngeal nerve during sur-
gery. In the absence of complications, patients were discharged on
the first postoperative day after lobectomy. On the first day after
total thyroidectomy, 100 ug of levothyroxine (LT,) was adminis-
tered, and calcium blood levels were monitored daily. These pa-
tients were discharged when ionized calcium levels approached the
normal range, usually within 48 h after surgery. The initial post-
surgical follow-up was 2-4 weeks after surgery. The second follow-
up, including determination of the thyroid function, was 6-8
weeks after surgery. If necessary, the LT, dose was adjusted, aiming
at euthyroidism (i.e., serum TSH within the reference range).

Thyroidectomy, Tracheal Anatomy, and
Airflow

The study was approved by The Regional Scientific Ethics
Committee for Southern Denmark (S-20130096) and registered at
the Danish Data Protection Agency and at www.clinicaltrial.gov
(NCT03072654).

Statistics

A paired t test was used to compare tracheal, respiratory, and
ThyPRO parameters before and after surgery. Some variables (i.e.,
thyroid volume and FEFsy,/FIFs,,) were positively skewed and
therefore logarithmically transformed to adjust for nonnormality.
Effect size (ES) was estimated for the 1-group sample using base-
line standard deviation (SD). It was calculated as mean change/
SDgaseline- In accordance with Cohen [33], ES of 0.2-0.5 were de-
fined as small, 0.5-0.8 as moderate, and values >0.8 as large.

Multiple linear regression analyses were used for evaluating the
effect of age, sex, and thyroid volume on the preoperative tracheal
parameters. Goiter location (cervical/substernal) was included in
the initial model, but it had no independent effect and was there-
fore excluded in the final model. Multiple regression analyses were
also used to assess the relation between the baseline parameters
and the changes in the tracheal dimensions and respiratory func-
tion after surgery. In addition, changes in ThyPRO scales were
compared with changes in parameters of tracheal anatomy and
airflow. Changes in serum TSH and the need for LT, substitution
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Table 1. Sociodemographic, clinical, and surgical characteristics
for patients with benign nodular goiter (n = 65)

Age, years 55+13
Sex

Female 48 (74)

Male 17 (26)
Goiter location

Cervical 51(78)

Intrathoracic 14 (22)
Largest nodule, mm 33 (9-101)
Pre-existing pulmonary disease

Yes 4 (6)

No 61 (94)
Previous radioiodine

Yes 6(9)

No 59 (91)
Surgery

Total thyroidectomy 20 (31)

Thyroid lobectomy 45 (69)
Mass of removed goiter, g 43 (8-607)
Thyrotropin

0.98 (0.02-3.90)
2.35(0.22-10.60)

Before surgery, mU/L
After surgery, mU/L
Postoperative LTy

Total thyroidectomy 20 (100)

Thyroid lobectomy 7 (16)
RLN paralyses

6 months after surgery 0(0)
Permanent hypocalcemia

6 months after surgery 1(2)

Valuesare n (%), mean + SD, or median (range), as appropriate.
RLN, recurrent laryngeal; LTy, levothyroxine.

after surgery showed no impact on the respiratory function, and
were therefore omitted in the final model.

The sample size was calculated to 58 patients based on paired
samples, with changes in SCAT of 0.15 + 0.4 cm? [34-36]. To com-
pensate for a possible loss to follow-up, we included 75 partici-
pants.

Results

Patient Characteristics

Out of 267 consecutive nodular goiter patients, 229
were assessed for eligibility. A detailed account of the flow
leading to inclusion is provided in Figure 1. Sixty-five of
72 (90%) included patients completed the study. The
mean age of included patients was 55 + 13 years versus
55 + 16 years in the nonincluded patients (n = 195, p =
0.64) (Table 1). Seventy-four percent of the included pa-
tients were females compared to 87% of the nonincluded
patients (p = 0.049).
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Before surgery, the median goiter volume, as assessed
by MRI, was 58 mL (range, 14-642 mL) (Table 2), and a
median of 43 g (range, 8-607 g) was surgically removed.
Men had larger goiters compared to women (mean dif-
ference, 135 mL, p < 0.001), but there was no gender dif-
ference in the distribution of surgical procedures.

Fourteen of 65 (22%) patients had a substernal goiter,
and these differed from patients with cervical goiters by
having significantly larger goiter volumes (median, 242
mL [99-642 mL] vs. 52 mL [14-232 mL], p < 0.001), be-
ing older (median, 66 years [46-77 years] vs. 52 years [20-
77 years], p = 0.003), and more often being male (50 vs.
20%, p = 0.02).

Tracheal Anatomy

Prior to surgery, the median tracheal narrowing was
39% (0-90%) compared to 29% (0-54%) after surgery,
reflecting a postsurgical increase in SCAT (Table 2). The
individual changes are shown in Figure 2. In a multiple
regression analysis, tracheal narrowing at baseline corre-
lated strongly with initial goiter volume (1.5% increase in
tracheal narrowing per 10% increase in goiter volume,
p <0.001). The SCAT and tracheal deviation also corre-
lated with the goiter volume, with a 3.5-mm? decrease in
SCAT (p < 0.001), and a 0.4-mm increase in tracheal de-
viation (p < 0.001) per 10% increase in goiter volume.
Tracheal deviation also increased with age (0.1 mm/year,
p =0.046). The tracheal volume did not significantly cor-
relate with presurgical goiter volume. A substernal loca-
tion correlated strongly with both the largest thyroid
nodule diameter and the goiter volume. The median tra-
cheal encirclement by the thyroid was 300° (range, 226—
360°) before surgery, and was most pronounced among
patients with the largest goiters (0.8°/mL, p = 0.01).

After surgery, tracheal narrowing (ES = 0.67, p <
0.001), SCAT (ES = 0.73, p < 0.001), and tracheal devia-
tion (ES = 0.61, p < 0.001) improved moderately, whereas
tracheal volume only underwent a small increase (ES =
0.39, p < 0.001). Patients with a substernal goiter experi-
enced the largest improvements in tracheal parameters
(Table 2).

Using multiple regression analyses, the improvements
in tracheal parameters all correlated strongly with the
goiter shrinkage. Thus, each 10% decrease in goiter vol-
ume resulted in an increase of 1.9% in SCAT (p < 0.001),
a decrease of 1.0% in tracheal narrowing (p < 0.001), a
0.3-mm decrease in tracheal deviation (p < 0.001), and an
increase of 0.13 mL in tracheal volume (p < 0.001). The
volume of the remaining thyroid tissue after hemithy-
roidectomy had no influence on the results.
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Table 2. Thyroid, tracheal, and airflow parameters for patients with benign nodular goiter before and after surgery (n = 65)

Parameters Cervical goiter (n = 51) Substernal goiter (n = 14) Overall (n = 65)
before after P effect  before after P effect  before after % effect
surgery  surgery value size surgery  surgery value size surgery  surgery change value size
Thyroid volume, mL 52 12 <0.001 1.22 242 0 <0.001 1.70 58 10 77 <0.001 0.76
(14-232) (0-49) (99-642)  (0-70) (14-642) (0-70)
Thyroid tracheal 300 138 <0.001 7.96 305 0 <0.001 6.90 300 133 59 <0.001 7.22
encirclement, ° (253-353) (0-282) (226-360) (0-169) (226-360) (0-282)
Tracheal narrowing, % 35 29 0.001 0.49 62 30 <0.001 1.69 39 29 26 <0.001 0.67
(0-59)  (0-61) (40-90)  (7-54) (0-90)  (0-54)
Tracheal deviation, mm ~ 10%5 7+4 <0.001 0.54 20£10 9+5 <0.001 1.15 12+7 8+4 33 <0.001 0.61
Tracheal volume, cm? 17.7£5.3  19.0+5.5 <0.001 0.23 19.9+54  25.1+7.0 <0.001 0.96 18.2+5 20.3+6 10 <0.001 0.39
SCAT, cm? 1.6+0.5 1.8+0.5 <0.001 0.48 1.1+0.6 2.0+0.6 <0.001 1.74 1.5+0.5 1.8+0.5 17 <0.001 0.73
CCAT, cm? 2.4+0.6 2.5+0.7 0.06 0.15 3.0+0.8 3.0+0.7 049 0.08 2.5+0.7 2.6+£0.7 3 0.17  0.09
FVC,L 4.1+0.9 4.0+0.9 0.001 0.10 3.7+0.9 3.7+0.8 0.74 0.02 4.0+0.9 3.9+09 2 0.004 0.08
FEV,,L 3.2+0.7 3.1+0.7 0.05 0.08 2.840.7 2.8+0.7 0.39 0.05 3.1+0.7 3.0£0.7 0 0.14 0.06
PEF, L/min 7.9+2.1 8.0+1.8 0.60 0.05 59+1.9 7.6£2.0 0.004 0.92 7.5+2.2 8.0£1.9 2 0.03  0.19
FEFspy, L/min 3.7+1.5 3.5+1.3 0.14 0.09 3.0+1.2 2.7+1.1 0.01 0.22 3.5+1.4 34+13 7 0.03 0.11
FIF500, L/min 5.1+1.3 5.5+1.5 0.02 031 3.6+1.1 4.6+1.3 0.02 098 4.8+1.4 5315 7 <0.001 0.32
FEFs00; /F1F 509, 0.7+0.3 0.7+0.3 0.01 0.21 0.9+0.4 0.6+0.3 0.006 0.72 0.8+0.3 0.7+0.3 13 0.001 0.29
FEV,/PEF 6.8+1.5 6.5+1.0 0.07 0.21 8.1+1.8 6.3+1.5 0.007 1.03 7.1+1.6 6.5+1.2 2 0.002 0.39

Values are median (range) or mean + SD, unless otherwise specified. Comparison of values before and after surgery, using a paired ¢ test. Median percent
change before and 6 months after surgery. Effect sizes 0.2-0.5 were defined as small, 0.5-0.8 as moderate, and >0.8 as large. Tracheal narrowing (possible
upper airway obstruction) is defined as (CCAT-SCAT)/CCAT, where SCAT is the smallest cross-sectional area of the trachea, and CCAT is the cross-sectional
area 2 cm above the carina. FVC, forced vital capacity; FEV), forced expiratory volume in the first second of forceful exhalation; PEF, peak flow; FEFs,
forced expiratory flow at 50% of FVC; FIFsgy, forced inspiratory flow at 50% of FVC.

Tracheal Airflow

Tracheal narrowing correlated significantly with the
initial respiratory parameters, as a 1% increase in trache-
al narrowing led to a decrease of 0.03 L/min in PEF (p =
0.03) and a decrease of 0.02 L/min in FIFsq, (p = 0.01).
The pronounced improvements in tracheal anatomy fol-
lowing surgery were reflected in tracheal airflow changes
(Table 2). A small, but highly significant, improvement
was found in FIF5y, (ES = 0.32), whereas FVC (ES = 0.08)
was almost unaltered. Small declines in the FEF540,/FIF 500,
(ES = 0.29) and FEV,/PEF (ES = 0.39) ratios were seen.
Improvements in tracheal narrowing correlated with im-
provements in PEF, since a 1% reduction in tracheal nar-
rowing was followed by an increase of 0.03 L/min in PEF
(p = 0.003), and a 0.03 decrease in the FEV,/PEF ratio
(p=0.01). Nineteen of 65 patients had an FEV/PEF ratio
>8.0, indicating the presence of upper airway obstruction
[30]. This number was significantly reduced to 7 patients
following surgery (p = 0.009).

Health-Related Quality of Life
The Goiter Symptom score showed a large improve-
ment from 40 + 21 to 10 + 11 points (ES = 1.37, p <0.001)

Thyroidectomy, Tracheal Anatomy, and
Airflow

6 months after surgery. The Tiredness scale and the Anx-
iety scale changed moderately after surgery from 48 + 25
to 35 + 24 points (ES = 0.52, p < 0.001) and from 20 + 21
to 7 + 12 points (ES = 0.59, p < 0.001), respectively. The
Impaired Daily Life scale improvement from 13 + 19 to
7 £ 16 points was insignificant (ES = 0.29, p = 0.48). How-
ever, using multiple regression analyses, the relief in tra-
cheal narrowing was positively correlated with improve-
ment in the Impaired Daily Life scale, corresponding to
an additional decrease of 0.33 points in the Impaired Dai-
ly Life scale per 1% less tracheal narrowing (p = 0.03) after
surgery. This reflects that patients with the largest com-
pression also experience the most pronounced improve-
ments in Impaired Daily Life. Tracheal and airflow base-
line parameters did not correlate with HRQoL, nor did
airflow changes following surgery.

Discussion
This is the first study demonstrating considerable

postsurgical tracheal decompression and improvement
of the tracheal anatomy, as assessed by MRI. These im-
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Change in tracheal narrowing, %
o

7 12 14 19 20 22 24 30 31 35 38 40 45 54 74 80 101 104 138 176 221 383 607
Amount of the thyroid gland removed surgically, g

Fig. 2. The distribution of the amount of the thyroid gland removed surgically and the postsurgical change in
tracheal narrowing (n = 65). Tracheal narrowing (degree of upper airway obstruction) is defined as the (CCAT-
SCAT)/CCAT ratio, where SCAT is the smallest cross-sectional area of the trachea, and CCAT is the cross-sec-

tional area 2 cm above the carina.

provements correlated strongly with the initial goiter vol-
ume and with the volume of the removed benign thyroid
tissue, as patients with the largest goiters experienced the
most pronounced improvements in both tracheal anato-
my and airflow after thyroidectomy.

In parallel with the decompression of the trachea fol-
lowing surgery, the tracheal airflow also improved, espe-
cially in patients with large (substernal) goiters. Accord-
ing to Poisseulle’s law, air flow is four-fold proportional
to the tracheal radius. Any expansion of the tracheal lu-
men will thus lead to a considerable improvement in air
flow rate. However, a negative transmural pressure gradi-
ent across the tracheal wall may lead to a partial collapse
of the tracheal rings encircling a stenosis, which is a risk
mainly during inspiration [6]. Our results are fully in ac-
cordance with this physical principle, since the tracheal
decompression obtained by surgery resulted in an im-
provement, especially in the inspiratory airflow, while the
expiratory parameter FEFso in fact decreased minutely.

Patients experienced significant improvements in
HRQoL after surgery. However, the improvement in the
Impaired Daily Life scale was associated only with the de-
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compression of the trachea, and much less with the air-
flow improvement. This divergent finding is puzzling,
considering the fact that the luminal area of the trachea is
a surrogate parameter in this context, whereas a compro-
mised airflow more directly gives rise to symptoms, and
potentially affects the HRQoL. One explanation may be
that the ES related to the changes in the airflow parame-
ters were of much smaller magnitudes than those found
for the tracheal dimensions. In addition, many other fac-
tors — beyond the physical dimensions of the thyroid
gland and the related neck structures - are involved in the
increase in HRQoL experienced by patients undergoing
thyroid surgery, as we have recently shown [7].

Many of our patients demonstrated tracheal compres-
sion on MRI, and the improvements in tracheal narrow-
ing correlated well with a reduced FEV,/PEF ratio used
as an indirect measure of upper airway obstruction. How-
ever, these results were not consistent with a fixed crite-
rion for upper airway obstruction (FEV,/PEF >8 [37]), as
7 patients still met this criterion after surgery, in contrast
to 19 patients before surgery. This ratio is thought to be
an important indicator of upper airway obstruction in pa-
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tients with goiter [17, 38]. However, the criterion is based
on nonphysiological data using mouth pieces with very
small orifices equaling a SCAT of 0.5 cm? [39] - only
found in our patients with goiters above 300 mL. There-
fore, the formal criterion for upper airway obstruction, as
previously defined, might not be applicable to the major-
ity of patients with symptomatic nodular goiter.

Changes in tracheal parameters and respiratory func-
tion have also been investigated using other methods for
goiter shrinkage. Radioiodine treatment, with or without
recombinant human TSH (rhTSH) prestimulation,
showed improvementsin SCAT of 4-33% at 6-12 months
following therapy [8, 34-36]. These figures are compa-
rable to those obtained in the present surgical series, dem-
onstrating a median improvement in SCAT of 17% in the
entire cohort. On the other hand, our cohort consists of
patients with much smaller goiters than those included in
the radioiodine studies [34-36]. In view of the 23-40%
goiter shrinkage following radioiodine [8, 34, 35, 40],
which could be further increased to 53% with rhTSH pre-
stimulation [33], this difference in efficacy is well ex-
plained [33, 34, 40].

While the strengths of our study include a reasonable
population size (based on power calculations), consecu-
tive patients, and well-validated techniques for the evalu-
ation of the end points, some limitations also need to be
addressed. First, our study was conducted in a tertiary
referral center. Although our center receives patients with
symptomatic goiter from a large region in an unselected
manner, some selection bias is inevitable, as also evi-
denced by the inclusion of just 72 of the initial 267 pa-
tients with symptomatic nodular goiter. A comparison of
removed thyroid volumes between included and nonin-
cluded patients would have been optimal. However, we
had no access to such data from the majority of nonin-
cluded patients. Second, this being an observational
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