
Frontiers in Endocrinology | www.frontiersi

Edited by:
Sasha R. Howard,

Queen Mary University of London,
United Kingdom

Reviewed by:
Alan David Rogol,

University of Virginia, United States
Nikolina Kyprianou,

Birmingham Children’s Hospital,
United Kingdom

*Correspondence:
Maura Marin

maura_marin@me.com

Specialty section:
This article was submitted to

Pediatric Endocrinology,
a section of the journal

Frontiers in Endocrinology

Received: 21 September 2021
Accepted: 20 December 2021
Published: 12 January 2022

Citation:
Baldo F, Marin M, Murru FM, Barbi E
and Tornese G (2022) Dealing With

Brain MRI Findings in Pediatric
Patients With Endocrinological

Conditions: Less Is More?
Front. Endocrinol. 12:780763.

doi: 10.3389/fendo.2021.780763

PERSPECTIVE
published: 12 January 2022

doi: 10.3389/fendo.2021.780763
Dealing With Brain MRI
Findings in Pediatric Patients
With Endocrinological
Conditions: Less Is More?
Francesco Baldo1, Maura Marin1*, Flora Maria Murru2, Egidio Barbi1,2

and Gianluca Tornese2

1 University of Trieste, Trieste, Italy, 2 Institute for Maternal and Child Health IRCCS “Burlo Garofolo”, Trieste, Italy

Neuroimaging is a key tool in the diagnostic process of various clinical conditions, especially in
pediatric endocrinology. Thanks to continuous and remarkable technological developments,
magnetic resonance imaging can precisely characterize numerous structural brain anomalies,
including the pituitary gland and hypothalamus. Sometimes the use of radiological exams
might become excessive and even disproportionate to the patients’medical needs, especially
regarding the incidental findings, the so-called “incidentalomas”. This unclarity is due to the
absence of well-defined pediatric guidelines for managing and following these radiological
findings. We review and summarize some indications on how to, and even if to, monitor these
anomalies over time to avoid unnecessary, expensive, and time-consuming investigations and
to encourage a more appropriate follow-up of brain MRI anomalies in the pediatric population
with endocrinological conditions.

Keywords: incidentaloma, growth hormone deficiency, central precocious puberty, incidental radiological finding,
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INTRODUCTION

The widespread use of brain magnetic resonance imaging (MRI) has put at our disposal incredibly
accurate images that give us the chance to improve our diagnostic competence. However, this
widespread use of neuroimaging has led to a remarkable increase of incidental radiological findings,
the so-called “incidentalomas”, which may generate interpretation uncertainty for radiologists and
clinicians (1, 2). Here we describe two clinical cases to exemplify this context.
CLINICAL SCENARIO 1

A boy was referred for short stature at the age of 5 years. His height was -2.3 standard deviation score
(SDS), his growth rate was -2.6 SDS, and his bone age was 3 years. His previous medical history was
unremarkable. Two stimulation tests were performed with arginine and insulin, and peak values of
growth hormone (GH) were pathological (<8 ng/mL) in both, supporting the diagnosis of GH deficiency
(GHD). No other pituitary deficits were found on laboratory tests. A brain MRI under sedation was
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performed before starting treatment, highlighting the presence of
“pituitary stalk interruption syndrome”. An annual MRI follow-up
was suggested, and the patient underwent a brain MRI every year
for 7 consecutive years, through which the radiological finding
remained stable.
CLINICAL SCENARIO 2

A girl was referred for precocious puberty at the age of 7 years. On
physical examination, Tanner stages B2, Ph2, and A2-3 were
observed. Her growth rate was +6 SDS, and her bone age was 9
years. A pelvic ultrasound showed pubertal changes in the uterus
and ovaries, and a GnRH stimulation test showed a pathological
level of LH peak (> 5 ng/mL) and an LH/FSH ratio >1, confirming
the diagnosis of central precocious puberty (CPP). A brain MRI
showed the presence of an arachnoid cyst in the parietal lobe, with
dimensions of 2 x 3 cm, not compressing nor close to the
ventricular system. An annual MRI follow-up was suggested.
The patient underwent a brain scan for 4 consecutive years,
through which the radiological finding did not show any variation.
DISCUSSION

Brain MRI is mandatory in many pediatric endocrinological
conditions to detect anatomic anomalies and rule out neoplastic
lesions (3, 4).

In two of the most frequent conditions in pediatric
endocrinology, GHD (prevalence 1:4.000-1:10.000) and CPP
(prevalence 1:5.000-1:10.000) (5), brain MRI is requested once
stimulation tests confirm the clinical diagnosis (3, 4).
Nevertheless, other rare endocrine conditions (such as Cushing
syndrome, hyperprolactinemia, gigantism, central hypo- and
hyperthyroidism, and diabetes insipidus) unquestionably
require a brain MRI in their diagnostic work-up.

In GHD, brain MRI may show characteristic anatomic pituitary
abnormalities that can explain the endocrine disorder (such as
anterior pituitary dysplasia, pituitary stalk interruption syndrome
[PSIS], Rathke cleft cyst [RCC], empty sella, etc.), but can also detect
possible tumoral lesions (such as craniopharyngioma or Langerhans
cell histiocytosis) (6).

In CPP, the international guidelines state that neuroimaging
is mandatory in all males and in females under six years of age
since both these groups have a higher chance of presenting brain
lesions causing early pubertal development (such as hamartoma,
astrocytoma/glioma, germinoma) (7–9). Conversely, MRI is still
controversial in females aged 6-8 years: the incidence of cranial
abnormalities in this age group is minimal (10–12), even if a
possible late cancer diagnosis cannot be excluded by clinical and
biochemical parameters only (13).

In both GHD and CPP, identifying anomalies andmalformations
during brain MRI, including “incidentalomas”, is not infrequent
(9, 14). Starting from the clinical scenarios we described, we realized
that unrelated brain anomalies, incidentalomas, and anatomic
anomalies represent a real problem in the pediatric population.
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Thus, we asked ourselves whether it was necessary to routinely
monitor all these findings after their identification or not, based on
the current medical literature. Avoiding unnecessary tests on
pediatric patients is not just a matter of cost, both for the health
system and the patients’ families, but also of physical and
psychological stress for the patients and their families. The image
acquisition process for brain MRI lasts from 20 to 30 minutes, and
procedural sedation is usually needed in children younger than
7 years of age. Furthermore, unnecessary investigations and tests
may postpone the medical evaluation of other patients in real
need of consult.

We performed a narrative review of the literature, which was
limited to the pediatric population, to identify the most common
brain abnormalities in patients with endocrinological conditions
who require an MRI scan. We then conducted subsequent
research to determine the current management for every
specific MRI abnormal finding. In doing so, we decided to
include exclusively papers that described cohorts of patients,
excluding single case reports or international guidelines on the
matter. For rare conditions, if more than one cohort study was
identified, we reported the ones with the largest population. The
selection of papers was limited to the English language. The
following three electronic databases were searched: Pubmed,
Scielo, and Scopus. As search string, we used a combination of
the condition’s name plus pediatric/children plus management/
guidelines/follow up or, alternatively, the condition’s name plus
pediatric/children plus MRI/magnetic resonance. We also
searched for pediatric guidelines referring to the overall topic
of brain incidentalomas via the database above reported.

Remarkably, despite the increasing relevance of the matter, we
found out that there was a general lack of guidelines on
incidentalomas and MRI brain abnormalities in the pediatric
population. While the medical literature has vastly discussed this
topic in the adult population, only a few studies currently support
pediatricians’ decisions on managing these conditions. For example,
a 2011 paper by the Endocrine Society formulated some practical
guidelines for managing pituitary incidentalomas in adults but
clearly stated that they do not apply to the pediatric population
(15). On the other hand, most papers on the pediatric population
either describe small sample populations or analyze only a single
subtype of incidentaloma without considering the remaining
anomalies, missing the big picture. The works by Souteiro et al.
and Shareef et al. represent the two most extensive studies (2, 16).
The first one identified 41 incidentalomas in a cohort of pediatric
patients who underwent brain imaging for various reasons,
primarily headache. Pituitary hypertrophy was the most common
finding (29.3%), followed by arachnoid cysts (17.1%), pituitary
adenomas (14.6%), and RCC (12.2%). Remarkably, 56.1% of these
patients underwent a radiological reevaluation, but none of them
presented dimensional progression (2). The second one described
31 incidental lesions, among which RCC was the most frequent
(67.7%), followed by cystic pituitary lesions (19.4%) and
microadenomas (12.9%). Only 5 patients had a radiological
reevaluation, and lesion growth was never documented (16).

According to the available evidence, we divided the
radiological findings into two main groups:
January 2022 | Volume 12 | Article 780763

https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Baldo et al. Brain MRI in Pediatric Endocrinology
a) Findings with definite or possible clinical or anatomical
relevance, i.e., conditions involving the sellar region that might
affect the endocrine system function. These include:

- Adenohypophysis hypoplasia

- Pituitary stalk interruption syndrome (PSIS)

- Ectopic neurohypophysis

- Empty sella, complete or partial

- Rathke cleft cysts (RCC)

- Pituitary adenomas

- Craniopharyngiomas

Overall, these findings have been identified more frequently
in GHD than CPP (3, 17). Arnold Chiari type I malformation, i.e.,
the descent of the cerebellar tonsils through the foramen
magnum, cannot be included in this group since it does not
affect the sellar region. Still, it often has clinical relevance for the
patient (18, 19).

Only three findings can potentially grow over time in this
category: RCC, pituitary adenomas, and craniopharyngiomas
(20–22). There is evidence that craniopharyngioma may
progress from a longstanding RCC via a transitional stage of
extensive squamous metaplasia (23).

The remaining lesions cannot progress and thus do not need
radiological follow-up. For example, in the first clinical scenario, no
further MRIs should have been performed in a patient with PSIS.

b) Findings without any relevance that lack a correlation
with the endocrinological condition under study. This group
contains the so-called “incidentalomas”, such as:
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- Arachnoid cysts

- Epiphyseal cysts

- Choroid plexus cysts

- Vascular anomalies

- Increased hypophyseal volume

Various studies have followed these findings throughout the
years with subsequent MRI (6). However, due to the lack of
standardized protocols on how to, and even if to, monitor them,
and to a general misunderstanding on their ability to evolve or
not, it is not infrequent that these lesions can be troublesome to
deal with, leading to a relevant number of pointless tests.

Among incidentalomas, only arachnoid cysts may be worth
further radiological evaluations since they can grow to a large size if
the retention of cerebrospinal fluid progresses through time.
However, a radiological follow-up is recommended only in the
presence of a large cyst or if the lesion is located close to the
ventricular system, posing a risk of hydrocephalus (24). Therefore,
in the second clinical scenario we described, no other exams
were needed.

We propose a summary table to manage the most frequent
brain anomalies found in pediatric patients affected by GHD and
CPP that is now in use in our Institute (Table 1) (2, 18, 24–59).
This table is provided only as a guide and does not give
absolute indications.

Overall, there are a few elements that we would like to
remark on.

First, all the indications reported in the table refer to brain
MRI findings that are not causing any neurological
TABLE 1 | Suggested management of the most frequent brain anomalies found in pediatric patients affected by growth hormone deficiency (GHD) and central
precocious puberty (CPP).

MRI Finding Management and follow-up Reference

Findings with definite or possible clinical or anatomical relevance
Adenohypophysis hypoplasia Baseline laboratory tests

Not require follow-up imaging studies
(25, 26)

Pituitary stalk interruption
syndrome (PSIS)

Baseline laboratory tests
Not require follow-up imaging studies

(27, 28)

Ectopic neurohypophysis Baseline laboratory tests
Not require follow-up imaging studies

(29, 30)

Empty sella, complete or partial Baseline laboratory tests
Repeat laboratory tests after 24-36 months (in the absence of clinical manifestations)

(31, 32)

Rathke cleft cyst (RCC) ! Symptomatic: MRI every year for 5 years after the surgical removal of the cyst + Laboratory tests

! Asymptomatic (when >5 mm): MRI at 1, 3, 5 years + Laboratory tests

(33–35)

Pituitary adenoma ! Symptomatic: Surgical or medical therapy + Follow-up (laboratory test, MRI, visual field evaluation) according
to the oncological guidelines

! Asymptomatic:
- Macro (≥10 mm): laboratory tests + visual field evaluation + MRI at 6 months and then every year

- Micro (≥5 mm): laboratory tests + MRI every year for the first 3 years and every 1-2 years

- Micro (<5 mm): MRI not required

(36–38)

Craniopharyngiomas Follow-up after surgery ± radio/chemotherapy according to the oncological guidelines (39–42)
Arnold-Chiari type I Neurosurgical consultation (18, 43–45)
Incidentalomas
Arachnoid cysts MRI should be repeated only in case of large cysts or localization at risk of hydrocephalus (24, 46, 47)
Pineal cysts MRI should be repeated only with cysts >14 mm and/or with an abnormal radiological pattern or clinical symptoms (45, 48–51)
Choroid plexus cysts Not require follow-up imaging studies or specific medical management (52–54)
Vascular anomalies Neurosurgical consult (36, 55–57)
Increased hypophyseal volume Not require follow-up imaging studies or specific medical management (2, 58, 59)
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manifestation. In the presence of signs or symptoms suggestive
of endocranial hypertension, such as headache, vomit, and
arterial hypertension with bradycardia, an MRI evaluation is
always warranted, regardless of a history of previous brain
findings incidental or not.

Another critical element is that the pituitary gland volume
should always be compared to the normal dimensions per age and
sex of the patient. In our personal experience, we deal with various
inappropriate endocrinological referrals due to misinterpretation
of pituitary gland dimensions, especially coming from centers
lacking pediatric radiologists. The most typical context is the
identification of an enlarged pituitary gland in a teenager who
underwent brain MRI because of recurrent headaches but in
which no possible underlying elements were found. Therefore,
before starting a complete examination of the pituitary gland
functionality with a laboratory test and scheduling a follow-up
brain MRI, we suggest evaluation of the initial imaging study by a
radiologist with expertise in pediatric neuro-imaging.

A third clarification must be made on vascular anomalies. In
this case, a neurosurgical consult is necessary because their
follow-up and management depend primarily on their correct
classification. For example, while cerebral developmental venous
anomalies are managed conservatively (56), arteriovenous
malformations are usually treated surgically or endoscopically
because of their high risk of rupture in the pediatric population
(55). A similar approach must also be chosen for asymptomatic
Arnold-Chiari type 1 malformations since the timing of their
Frontiers in Endocrinology | www.frontiersin.org 4
radiological follow-up is currently discussed among specialists,
even if the management is known to be conservative (60).
CONCLUSIONS

The purpose of this manuscript is not to underestimate the
possible relevance of incidental MRI findings in the diagnostic
process of GHD and CPP. Our goal was to highlight that, based
on the current literature, most of the follow-up brain MRIs are
probably not required in these incidentalomas and that only a
few neuroimaging findings are worth subsequent investigations.
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20. Güneş A, Özbal Günes ̧ S. The Neuroimaging Features of Rathke's Cleft Cysts
in Children With Endocrine-Related Diseases. Diagn Interv Radiol (2020)
26(1):61–7. doi: 10.5152/dir.2019.19352
January 2022 | Volume 12 | Article 780763

https://doi.org/10.3389/fendo.2021.604644
https://doi.org/10.1007/s11102-019-00940-4
https://doi.org/10.1007/s11102-019-00940-4
https://doi.org/10.1210/jcem.85.11.6984
https://doi.org/10.1210/js.2019-00036
https://doi.org/10.3389/fped.2020.580588
https://doi.org/10.3892/etm.2017.4377
https://doi.org/10.1136/adc.75.4.269
https://doi.org/10.1016/S2213-8587(15)00380-0
https://doi.org/10.1016/j.beem.2018.05.008
https://doi.org/10.1515/jpem-2018-0052
https://doi.org/10.1515/jpem-2018-0052
https://doi.org/10.1542/peds.2015-3732
https://doi.org/10.1210/jc.2014-2702
https://doi.org/10.1371/journal.pone.0029829
https://doi.org/10.1530/EJE-12-0801
https://doi.org/10.1210/jc.2010-1048
https://doi.org/10.1210/jc.2010-1048
https://doi.org/10.1111/cen.14353
https://doi.org/10.1111/cen.14353
https://doi.org/10.1016/j.beem.2019.01.003
https://www.ncbi.nlm.nih.gov/books/NBK431076/
https://doi.org/10.5152/dir.2019.19352
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Baldo et al. Brain MRI in Pediatric Endocrinology
21. Keil MF, Stratakis CA. Pituitary Tumors in Childhood: Update of Diagnosis,
Treatment and Molecular Genetics. Expert Rev Neurother (2008) 8(4):563–74.
doi: 10.1586/14737175.8.4.563

22. Pan J, Qi S, Liu Y, Lu Y, Peng J, Zhang X, et al. Growth Patterns of
Craniopharyngiomas: Clinical Analysis of 226 Patients. J Neurosurg Pediatr
(2016) 17(4):418–33. doi: 10.3171/2015.7.PEDS14449

23. Alomari AK, Kelley BJ, Damisah E, Marks A, Hui P, DiLuna M, et al.
Craniopharyngioma Arising in a Rathke's Cleft Cyst: Case Report. J Neurosurg
Pediatr (2015) 15(3):250–4. doi: 10.3171/2014.11.PEDS14370

24. Hall S, Smedley A, Sparrow O, Mathad N, Waters R, Chakraborty A, et al.
Natural History of Intracranial Arachnoid Cysts. World Neurosurg (2019)
126:e1315–20. doi: 10.1016/j.wneu.2019.03.087

25. Yadav P, Singhal S, Chauhan S, Harit S. MRI Evaluation of Size and Shape of
Normal Pituitary Gland: Age and Sex Related Changes. J Clin Diagn Res
(2017) 11(12):TC01–4. doi: 10.7860/JCDR/2017/31034.10933

26. Di Iorgi N, Allegri AE, Napoli F, Bertelli E, Olivieri I, Rossi A, et al. The Use of
Neuroimaging for Assessing Disorders of Pituitary Development. Clin
Endocrinol (Oxf) (2012) 76(2):161–76. doi: 10.1111/j.1365-2265.2011.04238.x

27. Vergier J, Castinetti F, Saveanu A, Girard N, Brue T, Reynaud R. Diagnosis of
Endocrine Disease: Pituitary Stalk Interruption Syndrome: Etiology and
Clinical Manifestations. Eur J Endocrinol (2019) 181(5):R199–209.
doi: 10.1530/EJE-19-0168

28. Wang Q, Hu Y, Li G, Sun X. Pituitary Stalk Interruption Syndrome in 59
Children: The Value of MRI in Assessment of Pituitary Functions. Eur J
Pediatr (2014) 173(5):589–95. doi: 10.1007/s00431-013-2214-1

29. Ybarra M, Hafiz R, Robinson ME, von Oettingen JE, Bui H, Saint-Martin C. A
New Imaging Entity Consistent With Partial Ectopic Posterior Pituitary
Gland: Report of Six Cases. Pediatr Radiol (2020) 50(1):107–15.
doi: 10.1007/s00247-019-04502-5
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