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Signal Intensity and Volume of Pituitary and Thyroid Glands in Preterm and

Term Infants

ABSTRACT

BACKGROUND: Hypothalamic-pituitary-thyroid (HPT) maturation has not been

extensively evaluated using neonatal MRI even though both structures are visualized on

MRI.

HYPOTHESIS: That signal intensity and volume of pituitary and thyroid glands on

MRI in neonates may be interrelated.

STUDY TYPE: Retrospective.

SUBJECTS: 102 participants.

FIELDSTRENGTH/SEQUENCE: 3.0 T, T1-weighted pointwise encoding time

reduction with radial acquisition (PETRA).

ASSESSMENT: The volume of interest of anterior pituitary (AP), posterior pituitary

(PP) and thyroid (T) on MRI were defined on T1-PETRA by two radiologists, and



volumes of AP (AP_vol) and thyroid (T_vol) were calculated. Gestational age (GA),
chronological age (CA), GA+CA, birth weight (BW), and thyroid function were
recorded. Mean and maximum signal intensities of AP, PP, and T were normalized
using signals from the pons and spinal cord as follows: AP/pons, PP/pons, and T/cord,
respectively.

STATISTICAL TESTS: Correlations between signal intensity and volume measures
and GA, CA, GA+CA, and BW were assessed using Pearson’s correlation coefficient or
Spearman’s rank correlation coefficient. Thyroid function analysis and Tmean/cOrd,
Tmax/cord, and T_vol were evaluated using the Steel-Dwass test.

Results: APmean/pons correlated positively with GA (p=0.62, P<.001) and BW (p=0.74,
P<.001), and negatively with CA (p=-0.86, P<.001) and GA+CA (p=-0.46, P<.001).
PPmean/pons correlated positively with GA (p=0.49, P<.001) and BW (p=0.63, P<.001),
and negatively with CA (p=-0.70, P<.001) and GA+CA (r=-0.38, P<.001). Tmean/cord
correlated positively with GA (p=0.48, P<.001) and BW (p=0.55, P<.001), and
negatively with CA (p=-0.59, P<.001) and GA+CA (p=-0.22, P=.03). AP_vol
correlated positively with GA (p=0.68, P<.001) and BW (p=0.73, P<.001), and
negatively with CA (p=-0.72, P<.001). T_vol correlated positively with GA (p=0.50,

P<.001) and BW (p=0.61, P<.001), and negatively with CA (p=-0.54, P<.001).



APean/pons correlated positively with Tmean/cord (p=0.61, P<.001).

DATA CONCLUSION: Signal and volume of pituitary and thyroid glands correlated

positively with GA and BW, and negatively with CA in neonates.
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Key points

VOI analyses showed that the signal and volume of pituitary and thyroid glands

correlated positively with gestational age and birth weight, and negatively with

chronological age.

The signal of anterior pituitary signal correlated positively with the signal of

thyroid gland.
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Introduction

Thyroid function is important for the fetus and neonate, as thyroid hormones

play critical roles in the development and function of the central nervous system (1-3).

Term infants undergo intensive maturation of the hypothalamic-pituitary-thyroid (HPT)

axis at 3540 gestational weeks, with increases in thyrotropin-releasing hormone and

development of the hypothalamic-pituitary portal system (4,5). Preterm infants

receiving care in the neonatal intensive care unit after birth frequently exhibit

hypothyroidism (1,6-8). Postulated causes of this hypothyroidism include immaturity of

the HPT axis (1,9).

MRI is often performed for preterm neonates with low birth weight (LBW) and



postnatal growth retardation to assess the brain for abnormalities (10-12). The anterior

lobe of the pituitary gland in the term infant is known to be hyperintense on T1-

weighted imaging, which is attributed to a high amount of endoplasmic reticulum and

high levels of protein synthetic activity (13-15). The signal from the anterior pituitary

(AP) correlates negatively with chronological age (CA) (14-16), but relationships with

the signal from the posterior pituitary (PP) have not been reported. The previous study

focused on the estimation of pituitary volume by using the equation within the limited

number of neonates such as 27 infants less than 1 year (17). In addition, volumetric

studies of pituitary gland have not been performed well using neonatal MRI.

The thyroid gland is part of the HPT axis, but the intensity and volume of

thyroid gland on MRI have not been evaluated in detail using neonatal MRI, although

the volume has been evaluated on ultrasound by a simple estimation method (6,18). We

hypothesized that the intensity and volume of the pituitary and thyroid glands in

neonates may be associated with each other. Thus the purpose of this study was to

investigate whether intensity and volume of the pituitary gland and thyroid gland on

MRI correlate with gestational age (GA), chronological age (CA), or birth weight (BW).

Materials and Methods



Subjects

This retrospective observation study was approved by the local institutional

review board, and written informed consent was waived. Neonates who were admitted

to neonatal intensive care unit and should be suspected or ruled out for central nervous

system abnormalities were included in this study. We excluded the patients who have

severe systemic abnormality or severe brain deformity. Total 76 preterm infants

underwent MRI at term-equivalent age and 34 term infants underwent MRI when

intracranial abnormalities were suspected between June 2015 and January 2019 at our

hospital, but we only included 75 preterm infants and 27 term infants. One preterm

infant and 7 term infants were excluded due to midline anomaly (n=2), achondroplasia

(n=2), large cyst (n=2), Prader-Willi syndrome (n=1), and severe motion artifacts (n=1).

As a result, a total of 102 neonates and infants (75 preterm and 27 term infants, 55 boys,

47 girls; GA, 164-290 days (23-41 weeks); CA, 6-134 days) without severe

intracranial abnormalities were included in this study (Supplementary Material 1).

GA and CA were defined as the number of days between the first day of the

mother’s last menstrual period and the patient’s date of birth, between the patient’s date

of birth and the date of MRI examination, respectively. The sum of the two ages

(GA+CA) was also calculated for analysis. Patients were scanned around the term-



equivalent age, but the MRI scan date varied slightly with each patient. BW was also

recorded.

Image acquisition

Subjects underwent MRI on a 3 T scanner (MAGNETOM Skyra; Siemens
Healthineers) with a 32-channel head coil. Whole-brain quiet 3D T1-weighted imaging
was performed using a pointwise encoding time reduction with radial acquisition
(PETRA) sequence with coverage from the upper thorax to the crown, so both the
pituitary and thyroid glands were included in a single sequence (19). The central part of
k-space was acquired with pointwise encoding after the first inversion pulse; whereas,
the outer edge of k-space was acquired using radial projections after the second and
later inversion pulses (19). This 3D-T1-PETRA was designed to be equivalent to
magnetization-prepared rapid gradient-echo sequence and the parameters was as
follows: repetition time 1 (TR1)/TR2/TE, 4.0/2400/0.07 ms; inversion time 1 (TI11)/
TI2, 2000/800 ms; matrix, 256 x 256; field of view, 230 x 230 mm?; flip angle, 6°; slice

thickness, 0.9 mm; 256 slices; bandwidth, 383 Hz/Px; and acquisition time, 3 min 29 s.

Volume of interest analysis



Two radiologists (S.0. and K.P.W., 9 years and 8 years of neuroradiology

experience, respectively) manually segmented the AP, PP, T, pons and cord using ITK-

SNAP software (www.itksnap.org) independently, and segmented data was used as

volumes of interest (VOIs) (Figure 1) (20). Final VOIs were confirmed by another

radiologist (Y.F., 22 years of neuroradiology experience).

Mean and maximum intensities of the AP, PP and thyroid were calculated.

Mean and max signal intensities of the AP, PP, and thyroid were normalized with

reference to mean signals from the pons and cervical cord (thyroid level), as follows:

AP mean/pons, APmax/pons, PPmean/pons, PPmax/pons, Tmean/cord, Tmax/cord, respectively.

In addition, we calculated volume of the AP (AP_vol) and volume of the thyroid gland

(T_vol) using ITK-SNAP.

Thyroid function analysis

We divided patients into 4 groups (Groups A-D) according to thyroid function

analysis. If thyroid stimulating hormone (TSH) >10 mIU/L, hypothyroidism was

diagnosed and treatment with L-thyroxine (L-T4) was started. In some patients, a

certain amount of L-T4 had already been administered at the time of MRI in our

hospital, and TSH values may have normalized. We assumed that patients diagnosed


http://www.itksnap.org/

with hypothyroidism were the most pathologically severe cases, and we classified these
as Group A. The remaining patients (without L-T4 treatment) were grouped based on
TSH values measured on the day closest to the day of MRI: Group B had TSH > 5
plU/ml and Group C had TSH < 5 plU/ml. Healthy neonates without TSH

measurements were classified as Group D.

Statistical analysis

All data were analyzed using JMP Pro version 14.0 software (SAS Institute
Inc.). Normal distribution was evaluated by the Shapiro-Wilk test. Continuous variables
are presented as medians and interquartile, unless otherwise noted.

The relationship between pituitary signals (APmean/pons, APmax/pons,
PPmean/pons, and PPmax/pons), thyroid signals (Tmean/cord, Tmax/cord,), and pituitary and
thyroid volumes (AP_vol and T_vol, respectively) and ages (GA, CA, and GA+CA) and
BW were assessed using Pearson’s correlation coefficient (r) if both values were
normally distributed and Spearman’s rank correlation coefficient (p) if one or both of
the values was not normally distributed. Differences of Tmean/cOrd, Tmax/cord, and T_vol
were evaluated between patient groups defined by thyroid function using the Steel-

Dwass test. Values of P<.05 were considered statistically significant.



Results

Patient characteristics

We have included 75 preterm and 27 term infants, 55 boys, 47 girls; (GA, 164—

290 days (23-41 weeks); CA, 6-134 days) without severe intracranial abnormalities in

this study (Supplementary Material 1). Among 102 infants, 12 infants had subtle

intracranial hemorrhage (intraventricular, subarachnoid, subdural, and cerebellar

hemorrhage) and one infant had hydrocephalus. One term infant was excluded for GA

analysis because the precise GA was unable to be determined. Characteristics of the

included patients are listed in Table 1. Representative cases are shown in Figures 2.

Among 102 infants, 6 infants had received treatment with L-thyroxine (L-T4)

at the time of MR, and 2 of 6 corresponding mothers had been diagnosed with thyroid

dysfunction.

Relationships between pituitary signals and age and BW

Intraclass Correlation Coefficients (ICC) between two raters were excellent

(Supplementary Material 2). Both APmean/pons and PPmean/pons correlated positively

with GA (p=0.62, P<.001 and p=0.49, P<.001, respectively), negatively with CA (p=-
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0.86, P<.001 and p=-0.70, P<.001, respectively), negatively with GA+CA (p=-0.46,

P<.001 and r=-0.38, P<.001, respectively), and positively with BW (p=0.74, P<.001

and p=0.63, P<.001, respectively) (Figure 3). “r” and “p” represent Pearson’s

correlation coefficient, Spearman’s rank correlation coefficient, respectively.

Correlation of APmax/pons and PPmax/pons with GA, CA, GA+CA, and BW

were also shown in Figure 4. APmax/pons correlated positively with GA (p=0.68,

P<.001), and negatively with CA (p=-0.85, P<.001). APmax/pons correlated negatively

with GA+CA (r=-0.34, P<.001). APmax/pons also correlated positively with BW

(p=0.74, P<.001). PPmax/pons correlated positively with GA (p=0.51, P<.001), and

negatively with CA (p=-0.68, P<.001) and GA+CA (r=-0.35, P<.001). PPmax/pons

correlated positively with BW (p=0.61, P<.001).

Relationships between thyroid signal and age and BW

Tmean/cOrd correlated positively with GA (p=0.48, P<.001), negatively with CA

(p=-0.59, P<.001), negatively with GA+CA (p=-0.22, P=.03), and positively with BW

(p=0.55, P<.001) (Figure 3).

Correlation of Tmax/cord with GA, CA, GA+CA, and BW were also shown in

Figure 4. Tmax/cord correlated positively with GA (p=0.59, P<.001), and negatively
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with CA (p=-0.70, P<.001) and with GA+CA (p=-0.22, P=.03). Tmax/cord correlated

positively with BW (p=0.68, P<.001).

Relationships between pituitary volume and age, BW, and signal

AP_vol correlated positively with GA (p=0.68, P<.001) and negatively with

CA (p=-0.72, P<.001), but showed no correlation with GA+CA (p=-0.01, P=.95).

AP _vol correlated positively with BW (p =0.73, P<.001) (Figure 5). AP_vol correlated

positively with APmean/pons (p=0.55, P<.001) and APmax/pons (p=0.54, P<.001) (Figure

6).

Relationships between thyroid volume and age, BW, and signal

T_vol correlated positively with GA (p=0.50, P<.001) and negatively with CA

(p=-0.54, P<.001), but showed no correlation with GA+CA (p=-0.05, P=.64). T_vol

correlated positively with BW (p =0.61, P<.001) (Figure 5). T_vol correlated positively

With Tmean/cord (p=0.54, P<.001) and Tmax/cord (p=0.58, P<.001) (Figure 6).

Relationship between pituitary and thyroid signal

APean/pons correlated positively with Tmean/cord (p=0.61, P<.001 ) and
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APmax/pons correlated positively with Tmax/cord (p=0.67, P<.001 ), respectively. (Figure

6).

Relationship between female and male infants

We have also performed statistical analysis of pituitary and thyroid signals,

pituitary and thyroid volumes with genders, and no statistically significant difference

was seen between genders (Table 2, Supplementary Material 3, 4).

Relationship between term and preterm infants

Pituitary and thyroid signals, pituitary and thyroid volumes were compared

between term and preterm infants. APmean/pons, APmax/pons, Tmax/cord were

significantly higher in term infants than in preterm infants. PPmean/pons, PPmax/pons and

Tmean/cord were higher in term infants than in preterm infants, however, the difference

was not statistically significant. AP_vol and T_vol were significantly larger in term

infants than in preterm infants (Table 3).

Thyroid function (TSH)

Tmax/cord was significantly higher in Group D than in Groups A, B, and C
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(P=.003, P=.004, and P=.007, respectively) (Figure 7). T_vol was significantly larger

in Group D than in Groups A, B, and C (P=.02, P=.002, and P=.002, respectively)

(Figure 7). Days of each thyroid function group are shown in Supplementary Material 5.

The median of GA of A, B, C and D are 191, 238, 227 and 261 days, respectively. The

median of CA of A, B, C and D are 89, 44, 38.5 and 20 days, respectively.

Discussion

We investigated the potential relationship between intensity and volume of the

pituitary and thyroid glands on 3D T1-weighted PETRA, which may reflect maturation

of the HPT axis in the cohort of 102 neonates and infants. We chose pons for the

reference of pituitary gland signal because pons is the nearest central nervous system

(CNS) region (15), and we also chose cervical cord for the reference of thyroid gland

because spinal cord is CNS part located near to the thyroid glands. The results showed

that both signal and volume correlated with GA, CA, GA+CA, and BW.

Our 3D VOI analysis revealed that APmean/pons, APmax/pons, PPmean/pons and

PPmax/pons correlated negatively with CA, similar to the previous report using 2D ROIs

(15). The normal pituitary gland is hyperintense on T1-weighted imaging at birth, and

this high signal is attributed to the lingering effects of maternal hormones (21).
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Increases in the number of prolactin cells are induced by estrogen from the placenta

during and after the 25th gestational week, causing an increase in signal from the

pituitary gland (13,15). Postnatal reduction of estrogen is suggested to cause the signal

decrease in the anterior pituitary gland after birth (13,22). A lower signal for the

pituitary gland in patients with short GA may be attributed to lower exposure to

estrogen from the placenta. In addition, the effect of postnatal reductions in estrogen

after birth may become large with longer CA. We also observed a negative correlation

between pituitary gland (APmean/PONS, APmax/pons, PPmean/pons, and PPmax/pons) and

GA+CA, which suggests that pituitary signal decreased proportionately after birth

regardless of GA. CA thus decreases pituitary signal more extensively meanwhile GA

increases pituitary signal.

Our study demonstrated that thyroid gland signals correlate positively with GA,

negatively with CA and GA+CA, and positively with BW like pituitary signal. Thyroid

hormones play critical roles in central nervous system development in the fetus, neonate

and infant (1), and thyroid hormone deficiency during these periods leads to irreversible

intellectual disability (5,23). Neurogenesis, neuronal migration, synaptogenesis, glial

cell differentiation, and myelination are dependent on thyroid hormone in the late

pregnancy and postnatal periods (5). Several reports have demonstrated that low levels
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of free T4 are strongly associated with poor neurodevelopmental outcomes (1,7,8).

Thyroid hormone also stimulates growth hormone secretion (24). The rate of congenital

hypothyroidism is higher in preterm and LBW newborns than in normal newborns (23),

a finding partly ascribed to immaturity of the HPT axis. The HPT axis regulates

metabolism and the fetal HPT axis begins to function after the first trimester. HPT axis

maturation completes at term gestation (1,2). Between 30 to 42 gestational weeks, there

is a progressive increase in iodine, T4 and T3 contents, and thyroid gland hormone

reserves increases three- to four-fold (1,25). Abundant thyroglobulin and iodine in the

colloid cysts of the thyroid gland may contribute to T1-shortening effects (26-28). The

increase in Tmean/cord and Tmax/cord seen in this study may represent an increase in

protein and iodine concentrations in thyroid gland. Tmean/COrd and Tmax/cord showed the

same tendency as APmean/pPons, APmax/pons, PPmax/pons and PPmean/pons, and

APean/pons and APmax/pons correlated positively with Tmean/cOrd, Tmax/cord,

respectively. Thyroid signal in neonates may thus also reflect maternal hormones and

the neonatal HPT axis. Maximum signal ratios of thyroid gland (Tmax/cord ) showed

higher correlation with GA, CA, GA+CA and BW compared with mean signal ratio

(Tmean/cord), which may suggest Tmax/cord reflects thyroid maturation status better than

Tmean/COrd.
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Pituitary volumetric results showed that AP_vol correlated positively with

GA and BW and negatively with CA. The relationship between AP_vol and age was

similar to that between APmean/pons, APmax/pons and ages other than GA+CA. The

pituitary gland is physiologically enlarged at birth, and the prominent large size of the

pituitary is also attributed to the lingering effects of maternal hormones. VVolume

declines to a normal infant size in the next 8-10 weeks (21). Insufficient hormonal

effect from the mother may cause small pituitary size in patients with short GA, and

pituitary size is similarly smaller in patients with longer CA.

Thyroid volumetric results in this study showed positive correlation with GA

and BW and negative correlation with CA. The relationship between T_vol and age was

similar to that between Tmean/cOrd, Tmax/cord and ages other than GA+CA. Thyroid

gland volume in the fetus, as assessed by ultrasound in premature infants, is less than

0.2 mL before 30 weeks and increases 8- to 10-fold between GA 30 to 42 weeks. In an

extremely preterm age group, delivered at less than 28 weeks of gestation, an ultrasound

study showed no association between mean thyroid volume and thyroid function or

between mean thyroid volume and BW (6). Conversely, a weak correlation exists

between thyroid volume and thyroid function in full-term infants (18). The distribution

of thyroid volumes may have become relatively wide due to the inclusion of both term
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and preterm infants in our cohort. Thyroid volumetric results should be interpreted in
light of geographic reasons related to iodine intake, ethnicity, and maternal factors (29),
and our cohort consists of single ethnicity of Japanese who take much iodine from their
food in general (30).

Thyroid function analysis showed significantly higher thyroid signal and
significantly larger thyroid volume were observed in group D to which healthy neonates
without TSH measurements belong. Thyroid signal and volume may represent thyroid
function; however, CA of group D was less than the other groups. Thyroid signal and
volume were lowest in the group A, patients diagnosed with hypothyroidism and given
L-thyroxine, although statistical difference was not found between group A and group
B-D, probably due to the limited number of group A (n=6). Increasing the number of
patients in group A is required for statistical comparison with the other groups in further
studies.

Limitations

First, the MR examination was scheduled for a date around the term-equivalent
40 weeks (sum of GA and CA is 40 weeks) in most cases, but actual examination dates
ranged from 244 to 319 days because of the general condition of patients or limited
availability of MR examination slots. Second, no histopathological confirmation was
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obtained for pituitary gland or thyroid gland, so we could not identify underlying
contributions to the correlations among the pituitary and thyroid glands with GA and
CA. Third, the median of CA of each thyroid function group was not equivalent;
therefore, a further prospective study with MR examination at a specific CA is required
for a better understanding of the relationship between thyroid function and MR findings
of the thyroid gland. Fourth, T1-PETRA is mainly used for pediatric patients for whom
quiet scan is preferable, and reliability of signal on TI-PETRA has not been known. We
confirmed high correlation between measured signal on T1-PETRA and theoretical T1
values (Supplementary Material 6). Fifth, we did not calculate the volume of the PP
because of its small structure compared with the resolution of MRI. The posterior lobe
of the pituitary gland is very small structure compared with the resolution of MRI and
3D VOI of PP was chosen to be a few voxels, therefore, we avoided the volume
calculation for PP. On the other hand, we considered the signal intensity calculation of
3D VOI to be reliable because we found the high correlation of signal intensity of PP
between 2D ROI created from the 3D VOI and the original 3D VOI (R?=0.988)
(Supplementary material 7). Sixth, no international guidelines have been set for thyroid
function monitoring, and neonates are usually treated to keep thyroid stimulating
hormone (TSH ) within the age-specific reference range (31). We did not treat TSH as a
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continuous value, because TSH may vary a little daily.

Conclusion

Our 3D VOI analysis of the HPT axis showed that signal intensity of the

anterior and posterior lobes of the pituitary and thyroid glands were positively

correlated with GA and BW and negatively correlated with CA and GA+CA. The

volume of the anterior lobes of the pituitary and thyroid glands correlated positively

with GA and BW and negatively with CA. These relationships may lead to develop a

model to detect abnormalities of HPT axis in neonates.
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Table 1. Characteristics of the included patients.

Sex [n]
Male 55
Female 47
Age [days]
GA 238 [201.5-261]
CA 34.5[21-73.5]
GA+CA 280.9 = 16.0
BW [g] 1791 [1115-2568]
Signal ratio
Anterior pituitary APmean/pons 1.37 [1.25-1.53]
APmax/pons 1.68 £ 0.25
o PPmean/pons 1.85+0.26
Posterior pituitary
PPmax/pons 2.34+0.43
Thyroid Trmean/cord 1.32 [1.20-1.42]
Tmax/cord 1.70 [1.49-1.89]
Toean/cord mean A (n=6) 1.16 [1.04-1.32]
broken up by B (n=31) 1.26 [1.19-1.37]
thyroid function C (n=40) 1.29 [1.17-1.38]
group D (n=25) 1.44 [1.33-1.49]
Volume [ml]
Anterior pituitary AP_vol 56.6 [42.2-74.9]
Thyroid T vol 634.5 [486.2-798.8]
T vol A (n=6) 397 [220-653]
broken up by B (n=31) 564 [437-690]
thyroid function C (n=40) 614 [493-717]
group D (n=25) 827 [640-1009]

GA, gestational age; CA, chronological age; BW, birth weight; AP, anterior pituitary;
PP, posterior pituitary; T, thyroid; AP_vol, volume of anterior pituitary; T_vol, volume
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of thyroid gland. Average + standard deviation was used when the data shows normal
distribution, otherwise, median value with 25 and 75 percentiles were used.
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Table 2. Signal ratio and volume of pituitary and thyroid gland in female and male infants.

Female (n=47) Male (n=55) P value
Signal ratio
o APmean/pons  1.39£0.18 1.4+0.17 0.77
Anterior pituitary
APmax/pons 1.68 + 0.25 1.69+0.25 0.78
. L PPmean/pOl'lS 1.9 [155‘202] 1.87 £0.26 0.71
Posterior pituitary
PPmax/pons 2.30£0.43 2.38+0.42 0.32
_ Tmean/cord  1.29 [1.17-1.42] 1.34+0.20 041
Thyroid
Tmax/cord  1.68 [1.43-1.86]  1.70 [1.50-1.95] 0.37
Volume [ml]
Anterior pituitary AP_vol 61.2 +20.0 52.9 [39.2-76.9] 0.41
Thyroid T_vol 650.8 +228.6  661.1[483.6-806.4] 0.95

AP, anterior pituitary; PP, posterior pituitary; T, thyroid; AP_vol, volume of anterior
pituitary; T_vol, volume of thyroid gland. Average + standard deviation was used when
the data shows normal distribution, otherwise, median value with 25 and 75 percentiles
were used.
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Table 3. Signal ratio and volume of pituitary and thyroid gland in term and preterm

infants.
Term (n=27) Preterm (n=75) P value
Signal ratio
o AP nean/pons 1.49 £ 0.15 1.34[1.20-1.50]  0.001
Anterior pituitary
APmax/pons 1.84+0.21 1.58 [1.43-1.84] <.001
. L. PPmean/ponS 1.95 [180'203] 1.81 £0.27 0.07
Posterior pituitary
PPmax/pons 2.50 [2.28-2.60] 2.28£0.45 0.10
_ Trmean/cord 1.38+£0.16 1.28 [1.17-1.41] 0.06
Thyroid
Trmax/cord 1.79 [1.68-2.00] 1.62[1.43-1.84] 0.001
Volume [ml]
Anterior pituitary AP_vol 81.8+15.7 51.7+17.8 <.001
Thyroid T_vol 803.5 [666.5-955.8] 593.1 £202.2 <.001

AP, anterior pituitary; PP, posterior pituitary; T, thyroid; AP_vol, volume of anterior
pituitary; T_vol, volume of thyroid gland. Average + standard deviation was used when
the data shows normal distribution, otherwise, median value with 25 and 75 percentiles

were used.
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Figures
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Figure 1.

Representative images of volumes of interest for the anterior pituitary (red), pons (yellow),
thyroid (blue), and cord (yellow). Enlarged view of pituitary gland (a, b, ¢) and thyroid
gland (d, e) on multiplanar reconstructed (MPR) images of Tl-weighte Pointwise
Encoding Time Reduction with Radial Acquisition (PETRA) : axial, a, e; sagittal, b; and
coronal, ¢, d.
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Figure 2.

A male term infant, gestational age (GA) 263 days, chronological age (CA) 8 days (a, b,
¢, and d). Both the anterior (white arrow) and posterior pituitary (black arrow) are
hyperintense on T1-weighted Pointwise Encoding Time Reduction with Radial
Acquisition (T1-PETRA). The thyroid (arrowheads) is also hyperintense on T1-PETRA.
A female preterm infant, GA 177 days, CA 102 days (e, f, g, and h). Anterior pituitary
(white arrow) is slightly hyperintense and posterior pituitary (black arrow) is slightly
hyperintense on T1-PETRA compared with pons. Thyroid (arrowheads) is relatively
hyperintense on T1-PETRA compared with spinal cord. The signals of pituitary gland
and thyroid gland are lower intense and the volumes are smaller compared with those of
term infant. Enlarged view of pituitary gland (a, b, e, and f) and thyroid gland (c, d, g,
and h) on multiplanar reconstructed (MPR) images of TI-PETRA: axial, a, c, e, and g;
sagittal, b, f; and coronal, d, h.
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Scatter plots of mean signal ratios of pituitary gland (APmean/pons, PPmean/pons) and
thyroid gland (Tmean/cord) vs. GA, CA, GA+CA, and BW. AP=anterior pituitary,
PP=posterior pituitary, BW=Dbirth weight, GA=gestational age, CA=chronological age.

APmean/pons, PPmean/pons, and Tmean/cord =mean signal ratios of AP, PP, and thyroid,

respectively.
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Scatter plots of maximum signal ratios of pituitary gland (APmax/pons, PPmax/pons) and
thyroid gland (Tmax/cord) vs. GA, CA, GA+CA, and BW. AP=anterior pituitary,
PP=posterior pituitary, BW=birth weight, GA=gestational age, CA=chronological age.

APmax/pons, PPmax/pons, and Tmax/cord = maximum signal ratios of AP, PP, and thyroid,

respectively.
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Scatter plots of the volume of the pituitary gland (AP_vol) and the thyroid gland (T vol)
vs. GA, CA, GA+CA, and BW.
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Scatter plots of volume of the signal ratios of anterior pituitary gland (APmean/pons,
APnax/pons) and thyroid gland (Tmean/cord, Tmax/cord) vs. pituitary gland (AP_vol) and
thyroid gland (T _vol) volume. Scatter plots of signal ratio of APmean/pons and Tmean/cord ,

APmax/pons and Tmax/cord are also shown.
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Figure 7.

Signal ratios for maximum thyroid gland (Tmax/cord) from the four thyroid function
groups (A-D). Note that Group A represents patients diagnosed with hypothyroidism
(thyroid stimulating hormone (TSH) > 10 plU/ml) and receiving L-thyroxine. Group B
represents patients with TSH level > 5 plU/ml, Group C represents patients with TSH <
5 WlU/ml, and Group D represents patients assessed as healthy (no TSH measurement
performed). Volumes of thyroid gland (T vol) for the four thyroid function groups are
also shown (Groups A-D).
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Enrollment

Preterm infants (n=76) and term infants (n=34)

Excluded:
midline anomaly (n=2);

achondroplasia (n=2);
large cyst (n=2);

Prader-Willi syndrome (n=1).

Excluded: severe motion artifacts (n=1)

v

Included for analysis

Preterm infants (n=75) and term infants (n=27)*

* The precise GA was not determined for | term mfant (*).

analysis or GA+CA analysis.

Supplementary Material 1

Inclusion and exclusion criteria for this study.

* This infant was included for CA analysis and excluded for GA
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Supplementary Material 2

ICCs between two raters were shown.

Signal ratio

APmean/pons 0.9974
APmax/pons 0.9849
PPmean/pons 0.9868
PPrax/pons 0.9998
Tmean/cord 0.9991
Tmax/cord 0.9988
Volume [ml]
AP _vol 0.9868
T vol 0.9930
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Supplementary Material 3
We have also performed statistical analysis of APmean/pons, PPmean/pons and
Tmean/cord with gender, and no statistically significant difference was seen between

genders. The distribution plots with gender are shown as below.
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Supplementary Material 4

We have also performed statistical analysis of AP_vol and T vol with gender,

plots with gender are shown as below.
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Supplementary Material 5

Days of each thyroid function group (A, B, C and D) are shown as below.

[days] GA CA GA+CA

A 191 [179.3-207] | 89[64.3-99] | 276.5[271.3-282]

B 238 [201-247] 44 [26-75] 278 [265-295]

C 227 [197.3-253.5] | 38.5 [25.5-85.5] | 278.5 [269.3-293.8]

D 261[245.5-272] | 20[14-28.5] | 281[267.3-292.8]




Supplementary Material 6

T1-PETRA is mainly used for pediatric patients for whom quiet scan is
preferable. As far as we know, there is no phantom study on T1-PETRA, we conducted
phantom study on T1-PETRA. We scanned T1-PETRA for ISMRM-NIST phantom
because the phantom contained spheres with known theoretical T1 values. The results are
shown below. Signal intensity of AP, PP, T, pons, and cord on T1-PETRA [AU] of our

cohort were shown.

- ISMRM NIST phantom AP mean 286.17 + 96.46 [AU]
00 max 347.06 + 131.79 [AU]
2 e op mean  376.49 + 127.97 [AU]
o 1400
= max 474.90 + 161.71 [AU]
I~ 1000 mean 298.27 + 75.96 [AU]
§ 800 T
3 .. max 387.84 + 108.94 [AU]
8 N y =-2.8566x + 2388.5
= 400 Re=0.9862 pons mean 206.68 + 65.89 [AU]
e cord mean 226.76 + 60.90 [AU]

0 200 400 600 800 1000
Signal intensity on T1-PETRA [AU]

The plots of measured signal intensity on T1-PETRA and theoretical T1 values
are shown. Markers in orange color represent signal intensity between 200 and 680 [AU]
which correspond to the signals of AP, PP, T, pons, and cord on T1-PETRA. The
regression linear analysis showed high correlation (R>=0.9862) between measured signal
intensity on T1-PETRA and theoretical T1 values. Thus, signal intensity of measured our

VOIs on T1-PETRA are considered to be parallel to T1 value.
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Supplementary Material 7

The posterior lobe of the pituitary gland (PP) is very small structure compared
with the resolution of MRI, and 3D VOI of PP was chosen to a few voxels, therefore, we
avoided the volume calculation for PP. On the other hand, we considered the signal
intensity calculation of 3D VOI to be reliable because we found the high correlation of
signal intensity of PP between 2D ROI created from the 3D VOI and the original 3D VOI

(R?=0.988).

Comparison of PP between 2D ROI

and 3D VOI
1400
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O 800
>
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Supplementary Material 8

The equations of the regression lines used in Figure 3,4,5 and 6 are shown as

below.
Figure 3. Scatter plots of GA, CA, GA+CA, BW and signal ratios of pituitary gland
(APmean/pons, PPmean/pons) and thyroid gland (Tmean/cord).

APmean/pons = 0.588966 + 0.0034395xGA

PPmean/pons = 0.6563685 + 0.0050725xGA

Tmean/cord = 0.758997 + 0.0024562xGA

APmean/pons = 1.5991587 - 0.0043678xCA

PPmean/pons = 2.1467469 - 0.0066009xCA

Tmean/cord = 1.4676774 - 0.0029196xCA

APmean/pons = 2.7629515 - 0.0048827x(GA+CA)

PPmean/pons = 3.6399187 - 0.0063876x(GA+CA)

Tmean/cord = 2.151058 - 0.0029166x(GA+CA)

APmean/pons = 1.1332142 + 0.0001413xBW

PPmean/pons = 1.4831383 + 0.0001953xBW

Tmean/cord = 1.1440677 + 0.000101xBW

Figure 4. Scatter plots of GA, CA, GA+CA, BW and signal ratios of pituitary gland
(APmax/pons , PPmax/pons) and thyroid gland (Tmax/cord).

APmax/pons = 0.4317123 + 0.0053534xGA

PPmax/pons = 0.3132611 + 0.0086233xGA

Tmax/cord = 0.5415191 + 0.0051134xGA

APmax/pons = 1.9838315 - 0.0063202xCA
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PPmax/pons = 2.8278925 - 0.010843xCA
Tmax/cord = 2.0143122 - 0.0059674xCA
APmax/pons = 3.1598216 - 0.0052658x(GA+CA)
PPumax/pons = 5.0297778 - 0.0095906x(GA+CA)
Tmax/cord = 3.213345 - 0.0052662x(GA+CA)
APmax/pons = 1.3143833 + 0.0002018xBW
PPmax/pons = 1.4831383 + 0.0001953xBW

Tmax/cord = 1.3457346 + 0.0002104xBW

Figure 5. Scatter plots of GA, CA, GA+CA, BW and volume of pituitary gland (AP_vol)
and thyroid gland (T _vol).

AP _vol =-44.59464 + 0.4465435xGA

T vol =-195.9376 + 3.6497413xGA

AP _vol =79.650317 - 0.4224301xCA

T vol =821.49605 - 3.5512543xCA

AP _vol = 65.234878 - 0.0201368%(GA+CA)

T vol =831.82723 - 0.6276834x(GA+CA)

AP _vol =25.522053 + 0.0186052xBW

T vol =343.29188 + 0.1691712xBW

Figure 6. Scatter plots of volume of pituitary gland (AP_vol) and thyroid gland (T _vol)
and signal ratios of anterior pituitary gland (APmean/pons, APmax/pons) and thyroid gland
(Tmean/cord, Tmax/cord).

APmean/pons = 1.1422312 + 0.0041938%AP_vol
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APmax/pons = 1.3313356 + 0.005923xAP vol
Tmean/cord = 1.129946 + 0.0003063xT _vol

Tmax/cord = 1.3651711 + 0.0005631xT vol

Scatter plots of signal ratio of anterior pituitary gland (APmean/pons, APmax/pons) and
thyroid gland (Tmean/cord, Tmax/cord).
APmean/pons = 0.6996148 + 0.5224815% Tmean/cord

APmax/ponS = 09044524 + 0.4520407XTmax/C0rd
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