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Abstract

Background: The pyramidal lobe (PL) is a common anatomic variation of the thyroid gland with a reported prevalence of over 50%
in adult series, but to the best of our knowledge, there are no data in the literature regarding its characteristics in the pediatric
population.

Objectives: The aim of this study was to evaluate the prevalence, anatomic, and morphological features of the PL in pediatric par-
ticipants on thyroid ultrasonography (US).

Methods: The descriptive cross-sectional study design was used. Between November 2018 and January 2020, the US images ob-
tained from 325 participants with normal thyroid glands were retrospectively evaluated. The presence, location, size, volume, the
morphology of the base, and continuity or separation from the thyroid gland were noted for each PL.

Results: The PL was present in 34.1% (110/325) of the pediatric participants. It was more frequent in girls than in boys. In all, 56.4%
were found to originate from the left of the midline of the isthmus. One patient had double PL. The mean anteroposterior, transverse,
and longitudinal diameters were 2.5 + 1.4, 2.7 £ 1.3, and 5.6 & 2.5 mm, respectively. The median volume of the PL was 15.11 mm’. PL
was longer in girls compared to boys; however, these changes were not significant (5.8 vs. 5.1, P= 0.406, respectively). A total of 63.6%
of the PLs were with a wide base and narrow apex, and 36.4% were with a thin base size the same as the apex size. A separation of the
PL from the thyroid was not observed.

Conclusion: The present study showed, for the first time, that the age of the children is positively correlated with the size and
volume of the PL. The prevalence and location of the PL were consistent with those reported in the adult population.
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1. Background previous study has demonstrated the prevalence and fea-

tures of the PL in infants and children.
The pyramidal lobe (PL) is an anatomic variation of the
thyroid gland observed as an incidental finding on ultra-
sonographic (US) examination. This lobe occurs when the
caudal end of the thyroglossal duct differentiates into thy-
roid tissue (1). Many anatomic and morphological varia-
tions of the PL have been described, mostly based on the
appearance, position, size, and shape (1). The PL may be sus-
ceptible to the same pathologies as the rest of the thyroid
tissue; therefore, it is necessary to be informed of this com-
mon variation, as it may be a source of residual diseases in
patients who previously have had thyroidectomy (2).
The frequency of the PL in adults has been reported to

2. Objectives
The objective of this research was to evaluate the preva-

lence, anatomic, and morphological features of the PL of
pediatric participants on thyroid US.

3. Patients and Methods

3.1. Patients

vary from 15 to 75% in cadaveric, surgical, radiological, and
scintigraphic series, but to the best of our knowledge, no

The Institutional Clinical Research and Ethics Commit-
tee approved this study. The descriptive cross-sectional
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study design was used. The present study analyzed 355 pe-
diatric patients who underwent thyroid ultrasound exam-
ination between November 2018 and January 2020 at the
University Hospital in Izmir.

The inclusion criteria for this retrospective study were
as follows: (1) subjects under 18 years of age; (2) thyroid
gland located in the normal position; (3) homogenous
echogenicity of the thyroid parenchyma on US; and (4) no
previous thyroid surgery. The following exclusion crite-
ria were applied: (1) subjects over 18 years of age; (2) ev-
idence of congenital thyroid disorders; (3) previous thy-
roidectomy; and (4) poor ultrasound image quality for thy-
roid evaluation. Patients with congenital absence of the
thyroid gland [thyroid hemiagenesis (n = 2) and thyroid
agenesis (n = 3)] were excluded from the study. Patients
who underwent thyroidectomy previously (n =3) were ex-
cluded from this research as well. Of the 347 patients en-
rolled, 22 were excluded since their ultrasound image qual-
ity was significantly compromised by patient movements.

A total of 325 subjects aged between 0 and 18 years
(mean age, 10.95 years + 4.92) were finally enrolled. The
participants were classified into six age groups (Table 1).
The age groups were chosen according to the definition in
medical subject headings (MeSH) vocabulary (i.e., infants,
toddlers, preschool children, school children, and adoles-
cents).

3.2. Ultrasonography Technique

The thyroid US examinations were performed by a sin-
gle board-certified radiologist using a linear probe at a fre-
quency of 5 - 12 MHz (Aplio 500, Toshiba Medical System,
Japan).

After removing the clothing material from the neck, a
sufficient amount of ultrasound gel was applied over the
area of the thyroid cartilage, to ensure good contact of the
US probe with the skin. Patients were examined from the
submental region to the level of the suprasternal notch
in a supine position with a pillow under the shoulders to
maintain neck extension. Minimal pressure was applied
during scanning in order to avoid distortion of the thyroid
anatomy.

The thyroid gland was scanned in both the transverse
and longitudinal planes. The PL was systematically evalu-
ated as a routine part of the thyroid US examination. On
gray-scale images, the PL extended in a cranial direction
from the upper margin of the isthmus, with echogenicity
similar to the normal thyroid gland (3).

3.3. Analysis

The presence, location, size, volume, morphology of
the base, and separation from the thyroid gland were
noted for each PL.

The location of the PL was classified according to the
site of its origin as midline of the isthmus, right of the mid-
line, left of the midline, and bilateral (Figure 1A - D).

The size assessment was based on the linear dimen-
sions and volumes of the PLs. The PL was examined in
both transverse and sagittal scan planes (4, 5). On trans-
verse scans, the maximum width of the PL was obtained.
On this image, the maximum transverse (mediolateral) di-
ameter or width of the PL was measured. The maximum
anteroposterior (AP) diameter or thickness of the PL was
measured perpendicular to the transverse diameter (Fig-
ure 2A). The probe was then rotated through 90°, to obtain
the view of the PL in the sagittal plane. On this image, the
maximum longitudinal diameter or length of the PL was
measured (Figure 2B).

The volume of the PL was calculated using the follow-
ing formula:

Volume = 0.524 x AP Xx Transverse X
Longitudinal diameter (4)

A correction factor of 0.524 was used to determine the
volume of structures with ellipsoid shape.

The morphology of the base of the PL was categorized
as follows: wide base size with a narrow apex and thin base
size the same as the apex size (5) (Figure 1E and F).

The separation of the PL was described as a lack of con-
tinuity between the PL and the main thyroid gland (Figure
1G).

3.4. Statistical Analysis

Continuous data were presented as mean =+ standard
deviation (SD) or median (interquartile range, IQR), as ap-
propriate.

The distribution of quantitative variables was tested
for normality using the Kolmogorov-Smirnov and
Skewness-Kurtosis test. Quantitative data with a normal
distribution were compared using the one-way ANOVA
(followed by Bonferroni and Games-Howell post hoc
analyses), while the Mann-Whitney U test, Kruskal-Wallis
test, and Spearman’s correlation test were employed for
the analysis of continuous variables with a non-normal
distribution. Chi-square and Fisher’s exact tests were used
for the analysis of categorical data.

SPSS (version 23.0 Inc., Chicago, IL, USA) was used for
statistical evaluation. A P-value < 0.05 was considered sig-
nificant and P-value < 0.001 was considered very signifi-
cant.

4. Results

The PLwas present in 110 patients (87 of 214 females and
23 of 111 males; age range, 24 - 216 months; mean age 4 SD,
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Table 1. Distribution of Patients According to Age and Gender

Groups (%) Age (mo) Girls (n) Boys (n) Total (n)
Group1(5.5) 0-12 5 3 18
Group 2 (4) 13-36 5 8 13
Group 3 (10.5) 37-72 18 16 34
Group 4 (17.2) 73-120 32 24 56
Group 5(33.8) 121-168 75 35 10
Group 6 (28.9) 169 -216 79 15 94
Total (100) 0-216 214 m 325
Abbreviation: n, number of patients.
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Figure 1. The graph shows the location and morphology of the base of the pyramidal lobe. (A) right of the midline of the isthmus; (B) left of the midline of the isthmus; (C)
midline of the isthmus; (D) double pyramidal lobe; (E) wide base size with narrow apex; (F) thin base size same as the apex size; (G) separation of the pyramidal lobe from the

main thyroid gland.

11.92 £ 4.56 years), giving an overall prevalence of 34.1%.
The PL was more frequent in girls than in boys, and this
gender difference showed a strong significant correlation
(40.6 vs. 20.7%, P < 0.001, respectively).

The PL originated from the left of the midline of the
isthmus in 62 (56.4%) and from the right of the midline
in 46 (41.8%) patients. There was 1(0.9%) patient in whom
the PL originated from the midline of the isthmus,and in1
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(0.9%) patient, the PL was located bilaterally. The left-sided
PL was more frequent in males than in females, but this
gender difference was not significant (65.2 vs. 54.1%, P =
0.735, respectively). The left-sided PL was more common in
group 4, group 5,and group 6; however, the differences be-
tween the age groups were not statistically significant (P =
0.192). Data related to the prevalence and location of the PL
are given in Table 2.
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Figure 2. (A) Transverse image of the right pyramidal lobe detected on thyroid US in a 6-year-old female patient. The PL shows hyperechogenicity to adjacent muscles and
homogeneous parenchymal echogenicity. A- maximum transverse diameter. B- maximum anteroposterior diameter. (B) Sagittal view shows the maximum longitudinal
diameter of the PL. TRL-thyroid right lobe. TLL-thyroid left lobe. SHM - sternohyoid muscle. STM - sternothyroid muscle. T - trachea. AMI - air-mucosa interface. CC - cricoid

cartilage. CCA - common carotid artery. S - strap muscles.

Table 2. Distribution of Patients According to Gender, Location, and Prevalence of the Thyroid Pyramidal Lobe Among the Age Groups *

Items Group1 Group 2 Group 3 Group 4 Group 5 Group 6 P-Value "
Prevalence of PL; % (n/actual numbers) 0(0/110) 3.6 (4/110) 10 (11/110) 18.2(20/110) 30.9 (34/110) 37.3 (41/110) 0.016
Gender

Female 0 2(1.8) 7(6.4) 5(13.6) 25(22.7) 38(34.5) 0.060

Male 0 2(18) 4(3.6) 5(4.5) 9(82) 3(27)
Origin in relation to isthmus

Right 0 3(2.7) 9(8.2) 6(5.4) 16 (14.5) 12(10.9) 0.192

Left 0 1(0.9) 2(1.8) 14 (12.7) 18(16.4) 27(24.5)

Midline 0 0 0 0 0 1(0.9)

Bilateral 0 0 0 0 0 1(0.9)

Abbreviations: n, number of patients; PL, pyramidal lobe.
? Values are expressed as No. (%) unless otherwise indicated.

b p.values were obtained using a chi-square test; P-values < 0.05 was considered significant.

The mean values for the anteroposterior, transverse,
and longitudinal diameters of the PL were 2.5 + 1.4 (range,
0.4 - 6.6), 2.7 £ 1.3 (range, 0.6 - 8.0), and 5.6 * 2.5 (range,
2.0 -14.6) mm, respectively. Based on the mean values, the
PLwas 0.4 mm thicker, 0.3 mm wider, and 0.7 mm longer in
female compared to male patients; however, these changes
were not significant (2.6 vs. 2.2, P = 0.254; 2.8 vs. 2.5 P =
0.434; 5.8 vs. 5.1, P = 0.406, respectively). There were sta-
tistically significant differences in the width and length of
the PL among the age groups, but no significant difference
in the thickness of the PL was detected (P=0.007,P=0.006,
and P = 0.141, respectively). Figure 3 shows the relationship
between the three dimensions of the PL according to each
age group.

The median (IQR) volume of the PLwas15.11(7.25-39.36)
mm?>. Although statistically not significant, the median
volume of the PL was higher in girls compared to boys
[16.86 mm?® (6.78 - 41.88) vs. 10.43 mm° (7.55 - 19.62), P =
0.238]. There was a significant positive correlation between

the volume of the PL and the age groups (P = 0.015). Data
for the size and the volume of the PL according to age and
gender are summarized in Table 3.

The PL with a wide base and narrow apex was present
in 63.6% (70/110) of the patients, and PL with a thin base
size the same as the apex size was found in 36.4% (40/110).
The wide-based PL was more frequent in females than in
males, but this gender difference was not significant (84.3
vs. 15.7%; P = 0.202, respectively). The thin-based PL was
more frequent in girls than in boys, and this gender differ-
ence showed a significant correlation (70 vs. 30%, P=0.003,
respectively).

Complete separation of the PL from the thyroid gland
was not observed in the study population.

5. Discussion

The PL -also called Morgagni’s or Lalouette’s pyramid-
occurs when the caudal portion of the thyroglossal duct

Iran | Radiol. 2021; 18(1):e108543.
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Figure 3. The graph shows the relationship between the estimated marginal means of the anteroposterior, transverse, and longitudinal diameters of the pyramidal lobe

according to each age group.

differentiates into thyroid tissue (1, 2). All the pathologies
that may be seen in the normal thyroid gland are also seen
in the PL. Therefore, knowledge of anatomy of this variant
is of significance to the thyroid surgeons, as incomplete re-
moval of the thyroid tissue prevents the completeness of
thyroidectomy and may cause recurrent thyroid diseases
(2, 3). US is a safe, low-cost, easy-to-implement, first choice
for evaluating the thyroid gland and variants in infants
and children (6). The PLis located in the pretracheal region
between the isthmus of the thyroid gland and the hyoid
bone. The echotexture of the PL is homogeneous, bright,
and similar to the parenchymal echogenicity of the nor-
mal thyroid gland (3, 5).

The prevalence of the PL in adults has been reported to
vary from 15 to 75% in cadaveric, surgical, radiological, and
scintigraphic series (7-10). The reasons for this wide range
may include differences in diagnostic tools, selection bias,
orracial and geographical factors. The largest postmortem
study, carried out by Harjeet et al. (8), showed the pres-
ence of the PL in 28.9% of 570 cadavers. Another study con-
ducted by Sturniolo et al. (9) detected the PL during thy-
roid surgery in 25.5% of 1405 adult patients. Using scintig-
raphy, Cengiz et al. (10) showed the presence of the PL in
18% of 866 patients. Using US, Mortensen et al. (5) reported

Iran ] Radiol. 2021;18(1):e108543.

the presence of the PL in 21% of 416 patients. A recent US
study by Akudu et al. (11) clearly revealed no incidence of
the PL among 321 adult patients, which could probably be
attributed to racial factors. Moreover, in the study by Kim
etal. (3), the prevalence of the PL on US and at surgery was
56.8 and 59.8%, respectively. Two studies showed that thy-
roid US could identify the PL more accurately than com-
puted tomography (12, 13). The present study is the first
to report the prevalence of the PLs in 325 pediatric partic-
ipants. In our research, the PL was found in 34.1% of the
study population, which is in agreement with much of the
published literature. The present higher prevalence of the
PL in adolescents compared to infants might be due to the
easier ultrasound identification of the PLin older children.

Previous studies have suggested that PL is more fre-
quent among females (3, 4, 10, 12-16), and some other stud-
ies have reported that it is more commonly seen among
males (2, 8). However, in the present study, the PL was more
frequent in girls than in boys, and this gender difference
showed a strong significant correlation (P < 0.001).

Published data showed that PL is most commonly seen
on the left side of the midline of the isthmus (3, 4, 8-15, 17).
The reason for this probably lies in the fact that the thy-
roglossal duct is usually developed in the left caudal direc-
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Table 3. The Mean Diameters and Median Volume of the Pyramidal Lobe According to Age Groups and Genders, and the Statistical Significance Among the Age Groups *

Pyramidal Lobe Group 2 Group 3 Group 4 Group 5 Group 6 P-Values ®
AP diameter (mm)
F 225+ 071 131+ 0.86 2.67 +1.45 2.54 156 2.88 139 0.067°¢
M 2.00 £ 0.14 2.28 +0.90 138 £ 0.41 3.06 +1.27 110 £ 0.46 o.on¢
T 212+ 017 1.66 £ 0.96 234 +139 2.68 +1.48 275 +1.42 0.141
Transverse diameter (mm)
F 2.60 + 0.23 1514 0.50 2.80 +1.02 3.02 +136 2.90 +1.59 0.040 €
M 2.05+0.71 1.83 £ 0.56 2.84 +0.95 2.66 £ 0.85 230 £ 1.01 0.2619
T 232+ 036 1.63 £ 0.51 2.81+ 0.98 2.92 +1.25 2.86 £1.56 0.007
Longitudinal diameter (mm)
B 430 1+ 0.28 330 £136 534 4222 6.70 £ 2.89 5.91 1+ 2.68 0.016 €
M 475+ 035 4354124 4321129 6.24 +2.46 417+ 0.91 05194
T 452+ 037 3.69 £136 5.01 =+ 2.05 6.58 1= 2.76 5.78 +2.63 0.006
Volume (mm?)
F 13.24 (11-17) 1.58(1-9) 13.67(7- 41) 2110 (9-43) 23.05(7-43) 0.035°¢
M 10.16 (10 -13) 11.24 (3-18) 7.55(4-18) 15.99 (11-50) 8.43(1-17) 033¢
T 10.87(10-14) 2.05(1-15) 13.66 (6-37) 20.42 (10 - 44) 19.83(6-40) 0.015

Abbreviations: AP, anteroposterior; F, female; M, male; T, total.

? Vales are expressed as mean = SD and median (interquartile range [IQR]) unless otherwise indicated.

b

¢ P-values for comparing age groups among girls.
4 p-values for comparing age groups among boys.

tion (1). In the current study, the PL was most frequently
noted on the left side of the median plane (56.4%). More-
over, in one patient, the PL was located bilaterally. This find-
ing conforms to the previous work reported by Mortensen
et al. (5), who also found one patient with two PLs on thy-
roid US. The bilaterality rate of the PL in sonographic stud-
ies was lower than those in previous reports obtained on
cadavers, ranging from 3.3 to 10% (18-20). The low bilateral-
ityrate of the PLon US might be explained by the limitation
in sonographic detection for thin PLs.

The present study is the first to evaluate the size and
the volume of the PL in infants and children. The mean val-
ues for the thickness, width, and length were 2.5 £ 1.4, 2.7
+ 1.3, and 5.6 & 2.5 mm, respectively. The median volume
of the PL was 15.11 mm?. According to Kim et al. (4), the
mean thickness, width, and length of the PL on thyroid US
were 2.0 0.9, 6.1 £ 2.2, and 22.7 &= 10.8 mm, respectively.
The same study revealed that the mean volume was168.9 +
188.2 mm?>. However, the age range in this work was 19 - 86
years and cannot be considered appropriate for pediatric
patients. According to Milojevic et al. (16) and Gtirleyik et
al. (20), the PLs in females were longer than in males. In the
present study, the PL in girls was found to be longer than
in boys; however, these differences are not significant (P >

P-values for comparing genders among all age groups; P-values were obtained using the Kruskal-Wallis test; P-value < 0.05 was considered significant.

0.223). This study demonstrated that the age of children is
positively correlated with the size and volume of the PL.

The morphological features of the PL have been ana-
lyzed in several previous studies. Mortensen et al. (5) pos-
tulated that 28% of patients had a PL with a wide base and
narrow apex and 32% had a PL with a base size the same
as the top size. The same study revealed that 20% of the
PLs showed complete separation from the thyroid gland.
In two recent studies using CT, the PL was separated in 9.2
and 12.5% of the cases (13,14). To the best of our knowledge,
no data are available on the morphological features of the
PLin infants and children. The present study reported that
63.6% of patients had a PL with a wide base and narrow
apex and 36.4% had a PL with a thin base size the same as
the apex size. Moreover, no complete separation of the PL
was detected. Deviations from the normal embryological
development of the thyroid gland, or ethnic and geograph-
ical factors mightbe the reason for the differences between
present findings and previous data.

The present study had limitations that should be con-
sidered. This was a single-center, retrospective study. The
number of subjects in each age group was relatively small.
Future studies should focus on larger group sizes in order
to further validate the results of the present study. There is
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alack of studies to confirm the results of this study. There-
fore, it is difficult to generalize the findings of this study to
the whole pediatric population.

In conclusion, the present study provides first evidence
for the anatomic and morphological features of the PL in
the pediatric population. The present study showed, for
the first time, that the age of children is positively corre-
lated with the size and volume of the PL. The prevalence
and location of the PL in the pediatric population are sim-
ilar to those reported in the adult population. The high
prevalence and variations in the location and size of the PL
may impact the completeness of the total thyroidectomy.
Therefore, it is important for the radiologists to report the
presence of the PL on thyroid US.
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