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Clarice Lima Machado Abstract: INTRODUCTION Traumatic

http://lattes.cnpq.br/0167523429442434 brain injury (TBI) is a major global health

issue, leading to significant morbidity and
Mauricio Lopes da Silva Netto mortality. Beyond the immediate cognitive
http://lattes.cnpq.br/4791743372358340 and motor impairments, TBI is often

associated with endocrine dysfunctions,
particularly  hypopituitarism, which s
frequently underdiagnosed. The pituitary
gland, due to its anatomical location and
vulnerability to injury, is often affected
post-TBI. The introduction discusses the
importance of neuroimaging techniques,
such as MRI and CT, in the early detection
and management of pituitary dysfunction.
It highlights the need for advanced imaging
modalities to improve diagnostic accuracy
and patient outcomes. OBJETIVE To
evaluate the role of neuroimaging techniques
in the detection and management of
endocrine dysfunctions, particularly pituitary
insufficiency, following traumatic brain injury
(TBI). METHODS This is a narrative review
which included studies in the MEDLINE
- PubMed (National Library of Medicine,
National Institutes of Health), COCHRANE,
EMBASE and Google Scholar databases, using
as descriptors: “Traumatic Brain Injury” AND
“Neuroimaging Techniques” AND “Pituitary
Dysfunction” OR “Hypopituitarism” AND
“Endocrine Dysfunction” in the last years.
RESULTS AND DISCUSSION The results
section delves into the prevalence of endocrine
dysfunctions in TBI patients, particularly
focusing on pituitary insufficiency. It reviews
various neuroimaging techniques, including
MRI, CT, and emerging functional imaging
modalities like fMRI and PET, assessing their
efficacy in detecting pituitary abnormalities.
The discussion also explores the timing of
imaging, the correlation between imaging
findings and hormonal assays, and the role
of neuroimaging in differentiating primary
from secondary pituitary dysfunction. The
challenges of using these techniques in
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clinical practice, including cost, variability in
protocols, and ethical considerations, are also
addressed. CONCLUSION The conclusion
emphasizes the critical role of neuroimaging
in the early detection and management
of endocrine dysfunctions following TBI.
While advances in imaging technology have
improved diagnostic capabilities, challenges
remain in standardizing protocols and
integrating these techniques into routine
clinical practice. The need for interdisciplinary
collaboration, further research, and the
development of guidelines to optimize the
use of neuroimaging in managing TBI-
related endocrine dysfunctions is highlighted.
The future of neuroimaging in this context
looks promising, with potential benefits
for improving long-term outcomes in TBI
survivors.

Keywords: Traumatic Brain Injury (TBI);
Pituitary =~ Dysfunction;  Neuroimaging;
Endocrine Dysfunction.

INTRODUCTION

Traumatic brain injury (TBI) remains
one of the leading causes of morbidity and
mortality worldwide, affecting millions of
individuals annually’. The consequences of
TBI extend beyond the immediate cognitive
and motor dysfunctions observed post-injury,
encompassing a diverse range of systemic
complications, with endocrine dysfunctions
being one of the most underrecognized yet
clinically significant’. Post-TBI endocrine
dysfunction, particularly pituitary insufficiency,
has garnered increasing attention in the
medical literature due to its long-term
implications for patient quality of life'. These
dysfunctions often go undiagnosed, which
can exacerbate the clinical picture, increase
the risk of additional complications, and
impair the rehabilitation process®.

The pathophysiology of TBI is complex
and multifaceted, involving both primary and
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secondary mechanisms of injury®. While the
primary injury results from the immediate
impact, secondary injury is driven by a
cascade of biochemical and cellular events
that evolve over time, leading to progressive
neuronal damage’. This secondary injury
cascade is closely linked to the development
of endocrine dysfunction, particularly
within the hypothalamic-pituitary axis®.
The pituitary gland, situated at the base of
the brain, is especially vulnerable to damage
following TBI due to its anatomical location
and unique vascular supply’. The mechanisms
underlying pituitary dysfunction post-TBI
include direct trauma, vascular injury, and
neuroinflammatory processes, all of which
can impair the gland’s function®.

Despite the clinical significance of endocrine
dysfunctions after TBI, these complications
are often underdiagnosed’. Pituitary insufficiency,
in particular, can present with a broad
spectrum of symptoms that are frequently
nonspecific, such as fatigue, weight gain,
and depression®. This underrecognition
underscores the critical need for early and
accurate detection of pituitary dysfunction in
TBI patients, which is where neuroimaging
plays a pivotal role*. Historically, the diagnosis
of pituitary dysfunction relied heavily on
clinical evaluation and hormonal assays®.
However, advancements in neuroimaging
techniques have revolutionized our ability
to visualize the hypothalamic-pituitary axis
and detect structural abnormalities that may
indicate dysfunction®.

Neuroimaging has become an indispensable
tool in the evaluation of patients with TBI,
providing crucial insights into the extent
of injury and the potential for endocrine
sequelae®. The evolution ofimaging modalities,
from traditional computed tomography
(CT) to advanced magnetic resonance
imaging (MRI) techniques, has enhanced
our capacity to identify subtle changes in
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pituitary morphology and function®. The
role of neuroimaging in detecting pituitary
dysfunction is further supported by its
ability to correlate imaging findings with
clinical outcomes, thereby aiding in the early
identification and management of endocrine
complications’.

The application of neuroimaging in TBI,
however, is not without its challenges®.
Variability in imaging protocols, differences
in the sensitivity and specificity of various
techniques, and the need for interdisciplinary
collaboration all pose significant obstacles
to the widespread implementation of
neuroimaging in this context®. Nevertheless,
the integration of neuroimaging into the
diagnostic pathway for TBI-related endocrine
dysfunction holds promise for improving
patient outcomes, particularly through the
early detection of pituitary insufficiency®.

As the field of neuroimaging continues to
advance, new techniques and technologies
are emerging that have the potential to
further refine our understanding of the
relationship between TBI and endocrine
dysfunction’. Functional imaging modalities,
such as functional MRI (fMRI) and
positron  emission tomography (PET),
offer the possibility of assessing not only
structural abnormalities but also functional
impairments within the hypothalamic-
pituitary axis’. These developments highlight
the importance of continued research into the
use of neuroimaging for the detection and
management of endocrine dysfunctions in
TBI patients’.

OBJETIVES

To evaluate the role of neuroimaging
techniques in the detection and management
of endocrine dysfunctions, particularly
pituitary insufficiency, following traumatic
brain injury (TBI).

SECUNDARY OBJETIVES

- To analyze the correlation between
neuroimaging findings and clinical
manifestations of endocrine dysfunction
in TBI patients.

- To explore the emerging trends and
advancements in neuroimaging that have
the potential to improve early diagnosis and
management of endocrine complications
in TBI survivors.

- To assess the prevalence and types of
endocrine dysfunctions in TBI patients
through neuroimaging studies.

METHODS

This is a narrative review, in which the main
aspects of the role of neuroimaging techniques
in the detection and management of
endocrine dysfunctions, particularly pituitary
insufficiency in recent years were analyzed.
The beginning of the study was carried out
with theoretical training using the following
databases: PubMed, sciELO and Medline, using
as descriptors: “Traumatic Brain Injury” AND
“Neuroimaging Techniques” AND “Pituitary
Dysfunction” OR “Hypopituitarism” AND
“Endocrine Dysfunction” in the last years.
As it is a narrative review, this study does not
have any risks.

Databases: This review included studies in
the MEDLINE - PubMed (National Library
of Medicine, National Institutes of Health),
COCHRANE, EMBASE and Google Scholar
databases.

The inclusion criteria applied in the
analytical review were human intervention
studies, experimental studies, cohort studies,
case-control studies, cross-sectional studies
and literature reviews, editorials, case reports,
and poster presentations. Also, only studies
writing in English and Portuguese were
included.
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RESULTS AND DISCUSSION

In recent years, there has been a significant
increase in the recognition of endocrine
dysfunctionsasacommon sequela of traumatic
brain injury’. Among the most prevalent of
these dysfunctions is pituitary insufficiency,
which can manifest as deficiencies in one
or more pituitary hormones’. The reported
prevalence of pituitary dysfunction in TBI
patients varies widely, with estimates ranging
from 15% to 68%, depending on the study
population, time of assessment post-injury,
and diagnostic criteria used’. This wide
range underscores the need for standardized
diagnostic approaches and highlights the
role of neuroimaging in early and accurate
detection™.

Magnetic resonance imaging (MRI) has
emerged as the gold standard in the evaluation
of pituitary gland abnormalities in TBI
patients'®. MRI provides detailed visualization
of the hypothalamic-pituitary axis, allowing for
the identification of structural changes such as
pituitary atrophy, hemorrhage, and empty
sella syndrome'®. These imaging findings have
been correlated with clinical symptoms and
hormonal profiles, aiding in the diagnosis of
pituitary dysfunction''. For example, pituitary
atrophy detected on MRI has been associated
with deficiencies in growth hormone and
gonadotropins, while pituitary hemorrhage is
often linked to acute adrenal insufficiency'".
However, the sensitivity of MRI in detecting
pituitary dysfunction is not absolute, and
normal imaging does not exclude the presence
of hormonal deficiencies, particularly in the
early stages post-TBI'.

Computed tomography (CT) scans, although
less sensitive than MRI, continue to play a role
in the initial assessment of TBI, particularly
in the acute setting'?. CT is highly effective in
detecting acute hemorrhages, fractures, and
other traumatic lesions that may indirectly
affect pituitary function'?. However, its utility
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in the specific evaluation of the pituitary
gland is limited due to lower resolution and
contrast sensitivity compared to MRI'.
Nevertheless, CT remains an important tool in
the comprehensive evaluation of TBI patients,
particularly when MRI is contraindicated or
unavailable®’.

Recent advancements in neuroimaging have
introduced functional imaging modalities that
offer insights into the metabolic and functional
status of the hypothalamic-pituitary axis'’.
Functional MRI (fMRI) and positron emission
tomography (PET) have been explored as
tools for assessing hypothalamic function and
detecting subtle changes that may precede
overt structural abnormalities’>. fMRI, for
instance, can detect changes in blood flow and
oxygenation in response to neuroendocrine
stimuli, providing a functional assessment
of the hypothalamic-pituitary axis'*. PET
imaging, particularly when combined with
specific tracers, can assess metabolic activity
and receptor binding within the pituitary
gland, offering potential for early detection of
endocrine dysfunction'*.

The timing of neuroimaging is critical in
the detection of endocrine dysfunctions post-
TBI'*. Early imaging, particularly within the
first few weeks post-injury, can identify acute
changes such as hemorrhage or edema that
may impact pituitary function'®. However,
delayed imaging, performed several months
toyears post-injury, maybenecessarytodetect
chronic changes such as pituitary atrophy
or empty sella syndrome'’. Longitudinal
imaging studies have demonstrated that
some patients with initially normal imaging
may develop pituitary abnormalities over
time, highlighting the need for ongoing
monitoring in TBI patients at risk for
endocrine dysfunction'®.

The role of neuroimaging in differentiating
primary from secondary endocrine dysfunctions
is also of clinical importance'®. Primary
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pituitary dysfunction arises from direct
damage to the pituitary gland, while secondary
dysfunction results from hypothalamic
injury or disruption of the pituitary stalk'®.
Neuroimaging can help distinguish between
these two etiologies by assessing the integrity
of the hypothalamic-pituitary axis and
identifying specific patterns of injury'®. For
example, damage to the pituitary stalk seen on
MRI may indicate secondary hypopituitarism
due to hypothalamic injury, while primary
hypopituitarism is more likely associated with
intrinsic pituitary abnormalities'’.

Despite the advances in neuroimaging,
several challenges remain in the diagnosis
and management of endocrine dysfunctions
post-TBI'. Variability in imaging protocols,
differences in the interpretation of imaging
findings, and the lack of standardized
criteria for diagnosing pituitary dysfunction
all contribute to inconsistencies in clinical
practice'”. Moreover, the cost and availability
of advanced imaging techniques such as
fMRI and PET limit their widespread use,
particularly in resource-limited settings'®.
The clinical relevance of imaging findings
must also be carefully considered in the
context of each patient’s overall clinical
picture'®. While neuroimaging can provide
valuable information about the structural and
functional status of the hypothalamic-pituitary
axis, it should not be the sole determinant of
diagnosis'®. Hormonal assays remain essential
in confirming endocrine dysfunction and
guiding treatment decisions'®. Imaging
findings should be integrated with clinical and
laboratory data to ensure accurate diagnosis
and appropriate management'’.

In addition to its diagnostic role,
neuroimaging has implications for the long-
term management of TBI patients'’. Imaging
can help monitor the progression of endocrine
dysfunctions over time, assess the response
to treatment, and identify patients at risk for
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further complications®®. For instance, follow-
up MRI studies can track changes in pituitary
volume, providing insights into the long-term
effects of TBI on the hypothalamic-pituitary
axis®®. Such information is critical for tailoring
treatment plans and optimizing patient
outcomes®’. Furthermore, neuroimaging has
the potential to enhance our understanding of
the pathophysiology of endocrine dysfunctions
in TBI*'. By correlating imaging findings with
clinical and hormonal data, researchers can
gain insights into the mechanisms underlying
pituitary damage and identify potential
targets for therapeutic intervention®'. This
knowledge could lead to the development
of new strategies for preventing and treating
endocrine dysfunctions in TBI patients®".

As research in this field continues to
evolve, there is a growing recognition of the
need for interdisciplinary collaboration in the
management of TBI-related endocrine issues™.
Endocrinologists, neurologists, neurosurgeons,
and radiologists must work together to develop
standardized protocols for the diagnosis and
treatment of pituitary dysfunction in TBI
patients®’. Such collaboration ensures that all
aspects of care are addressed comprehensively
and that patients receive the most appropriate
and effective interventions®?.

Emerging trends in neuroimaging offer
promising avenues for further enhancing
the detection and management of endocrine
dysfunction in TBI patients**. Techniques
such as diffusion tensor imaging (DTI) and
advanced MRI protocols like susceptibility-
weighted imaging (SWI) and arterial spin
labeling (ASL) are being investigated for their
potential to provide more detailed assessments
of brain injury*’. These imaging modalities
could help identify microstructural changes
and alterations in cerebral blood flow that
may influence pituitary function®. These
techniques could help identify patients at risk
for developing endocrine dysfunctions earlier in
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the course of their disease, potentially before
clinical symptoms become apparent®.

The exploration of multimodal imaging
approaches, which combine structural, functional,
and metabolic imaging, is also an area of
active research®®. For example, combining
fMRI with DTI could offer insights into the
connectivity of the hypothalamic-pituitary
axis and how this network is disrupted in
TBI**. Similarly, integrating PET imaging
with MRI could provide both structural
and metabolic information, giving a more
comprehensive view of pituitary function
and its disturbances®. These advances
highlight the potential for neuroimaging to
move beyond merely identifying structural
abnormalities to offering a more dynamic
understanding of pituitary dysfunctions®”.

In pediatric patients with TBI, the
application of neuroimaging for detecting
endocrine dysfunction presents unique
challenges and opportunities®. The developing
brain and endocrine system in children
require careful consideration when interpreting
imaging findings**. Growth hormone deficiency,
for example, is a common sequela of TBI in
children and can have profound effects on
development if not diagnosed and treated
early®®. Pediatric-specific imaging protocols
and longitudinal studies are needed to better
understand how TBI affects the hypothalamic-
pituitary axis in this population and to develop
age-appropriate diagnostic and therapeutic
strategies®®.

Cost-effectiveness remains a significant
consideration in the widespread implementation
of advanced neuroimaging techniques®.
While the potential benefits of early and
accurate detection of endocrine dysfunctions
are clear, the high costs associated with
techniques like fMRI and PET limit their
accessibility,  particularly in  resource-
constrained settings®’. Cost-benefit analyses
are necessary to determine the most effective
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use of these technologies in different healthcare
environments and to identify which patient
populations are most likely to benefit from
advanced imaging®’.

Moreover, the ethical considerations
surrounding the use of neuroimaging in
TBI-related endocrine dysfunction cannot
be overlooked®®. Issues such as patient
consent, the potential for overdiagnosis, and
the implications of incidental findings must
be carefully navigated®®. As neuroimaging
technologies become more sophisticated, the
ability to detect subtle abnormalities increases,
raising questions about how to interpret
and act on these findings®®. Clinicians must
balance the need for thorough investigation
with the risks of unnecessary interventions
and the psychological impact of ambiguous
results on patients®”.

Long-term outcomes for TBI patients
with endocrine dysfunction are influenced
by the timing and accuracy of diagnosis, the
appropriateness of treatment, and the ability
to monitor and adjust care over time®.
Neuroimaging plays a critical role in each
of these aspects, from the initial detection
of dysfunction to ongoing management and
follow-up?®. The ability to track changes in the
hypothalamic-pituitary axis over time, and to
correlate these with clinical and hormonal
outcomes, provides valuable information that
can guide therapeutic decisions and improve
patient prognoses™.

The future directions of research in
neuroimaging and endocrine dysfunction
in TBI are likely to focus on refining these
techniques, exploring their integration with
other diagnostic modalities, and developing
evidence-based guidelines for their use in
clinical practice®®. As our understanding
of the neuroendocrine consequences of
TBI deepens, so too will the potential for
neuroimaging to contribute to better patient
outcomes®.  Continued investment in
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research, technology, and interdisciplinary
collaboration will be essential to realizing this
potential and to addressing the challenges
that remain®'.

CONCLUSION

Traumatic brain injury poses significant
challenges not only due to its immediate effects
but also because of the long-term endocrine
dysfunctions that can arise, particularly
involving the hypothalamic-pituitary axis. The
underdiagnosis of pituitary insufficiency and
other related dysfunctions is a major concern,
as these conditions significantly affect patient
outcomes and quality of life. Neuroimaging
has emerged as a critical tool in addressing
these challenges, offering detailed insights
into the structural and functional status of
the hypothalamic-pituitary axis. The use of
advanced imaging techniques such as MRI,
fMRI, PET, and DTT has enhanced our ability
to detect these dysfunctions early, enabling
more timely and targeted interventions.

However, the application of neuroimaging
in the diagnosis and management of TBI-
related endocrine dysfunction is not
without its challenges. Variability in imaging
protocols, the interpretation of findings,
and the integration of imaging data with
clinical and laboratory results all require
careful consideration. Furthermore, the
cost and accessibility of advanced imaging
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