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Greetings from Dr. Robert Teasell, 

Professor and Chair-Chief of Physical Medicine and Rehabilitation 

The Collaboration of Rehabilitation Research Evidence (CORRE) team is 

delighted to present the Evidence-Based Review of moderate to severe 

Acquired Brain Injury (ERABI) Neuroendocrine Function and Disorders 

post Acquired Brain Injury. Through collaboration of researchers, 

clinicians, administrators, and funding agencies, ERABI provides an up-

to-date review of the current evidence in brain injury rehabilitation. 

ERABI synthesizes the research literature into a utilizable format, laying 

the foundation for effective knowledge transfer to improve healthcare 

programs and services.  

We offer our heartfelt thanks to the many stakeholders who are able to 

make our vision a reality. Firstly, we would like to thank the Ontario 

Neurotrauma Foundation, which recognizes ERABI’s capacity to lead in 

the field of brain injury evidence-based reviews and is committed to funding it. We would also like to 

thank the co-chairs of ERABI, Dr. Mark Bayley (University of Toronto) and Dr. Shawn Marshall (University 

of Ottawa) for their invaluable expertise and stewardship of this review. Special thanks to the authors 

for generously providing their time, knowledge and perspectives to deliver a rigorous and robust review 

that will guide research, education and practice for a variety of healthcare professionals. We couldn’t 

have done it without you! Together, we are building a culture of evidence-based practice that benefits 

everyone.  

We invite you to share this evidence-based review with your colleagues, patient advisors that are 

partnering within organizations, and with the government agencies with which you work. We have much 

to learn from one another. Together, we must ensure that patients with brain injuries receive the best 

possible care every time they require rehabilitative care – making them the real winners of this great 

effort!  

Robert Teasell, MD FRCPC 
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Purpose  

The Evidence-Based Review of Acquired Brain Injury (ERABI) is a systematic review of the rehabilitation 

literature of moderate to severe acquired brain injuries (ABI). It is an annually updated, freely accessible 

online resource that provides level of evidence statements regarding the strength of various 

rehabilitation interventions based on research studies. The ERABI is a collaboration of researchers in 

London, Toronto and Ottawa. Our mission is to improve outcomes and efficiencies of the rehabilitation 

system through research synthesis, as well as from providing the foundational research evidence for 

guideline development, knowledge translation, and education initiatives to maximize the real-world 

applications of rehabilitation research evidence. 

Key Concepts   

Acquired Brain Injury 
For the purposes of this evidence-based review, we used the definition of ABI employed by the Toronto 
Acquired Brain Injury Network (2005). ABI is defined as damage to the brain that occurs after birth and 
is not related to congenital disorders, developmental disabilities, or processes that progressively damage 
the brain. ABI is an umbrella term that encompasses traumatic and non-traumatic etiologies.  
 
TABLE 1 | Defining Acquired Brain Injury 

 

Included in ABI definition Excluded from ABI definition 

Traumatic Causes  

• Motor vehicle accidents  

• Falls 

• Assaults 

• Gunshot wounds 

• Sport Injuries  
 
Non-traumatic Causes 

• Tumours (benign/meningioma only) 

• Anoxia 

• Subarachnoid hemorrhage (non-focal) 

• Meningitis  

• Encephalitis/encephalopathy (viral, bacterial, drug, hepatic) 

• Subdural Hematoma  

Vascular and Pathological Incidents 

• Intracerebral hemorrhage (focal) 

• Cerebrovascular accident (i.e., stroke)  

• Vascular accidents 

• Malignant/metastatic tumours  
 
Congenital and Developmental Problems 

• Cerebral Palsy 

• Autism 

• Developmental delay 

• Down’s syndrome 

• Spina bifida with hydrocephalus 
 
Progressive Processes  

• Alzheimer’s disease 

• Pick’s disease 

• Dementia 

• Amyotrophic Lateral Sclerosis 

• Multiple Sclerosis 

• Parkinson’s disease 

• Huntington’s disease 

http://www.abinetwork.ca/
http://www.abinetwork.ca/
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Given that ‘ABI’ can have multiple definitions, studies with an ‘ABI’ population can be equally 
heterogeneous in terms of the sample composition. Such studies may include any combination of 
persons with TBI, diffuse cerebrovascular events (i.e., subarachnoid hemorrhage) or diffuse infectious 
disorders (i.e., encephalitis or meningitis). The vast majority of individuals with ABI have a traumatic 
etiology; therefore, much of the brain injury literature is specific to TBI. The terms ABI and TBI have been 
used intentionally throughout ERABI to provide more information about populations where relevant. 
 

Moderate to Severe Brain Injury 
ABI severity is usually classified according to the level of altered consciousness experienced by the 
patient following injury (Table 2). The use of level of consciousness as a measurement arose because the 
primary outcome to understand the severity of an injury is the Glasgow Coma Scale. Consciousness levels 
following ABI can range from transient disorientation to deep coma. Patients are classified as having a 
mild, moderate or severe ABI according to their level of consciousness at the time of initial assessment. 
Various measures of altered consciousness are used in practice to determine injury severity. Common 
measures include the Glasgow Coma Scale (GCS), the duration of loss of consciousness (LOC), and the 
duration of post-traumatic amnesia (PTA). Another factor used to distinguish moderate and severe brain 
injury is evidence of intracranial injury on conventional brain imaging techniques which distinguish 
severity of injury from a mild or concussion related brain injury. 

 

TABLE 2 | Defining Severity of Traumatic Brain Injury, adapted from Veterans Affairs Taskforce (2008) and 
Campbell (2000) 

Criteria Mild  Moderate Severe Very Severe 

Initial GCS 13-15 9-12 3-8 Not defined 

Duration LOC < 15minutes* <6 hours 6-48 hours >48 hours 

Duration PTA < 1hour* 1-24 hours 1-7 days >7 days 

 *This is the upper limit for mild traumatic brain injury; the lower limit is any alteration in 
mental status (dazed, confused, etc.). 

 

Methods  

An extensive literature search using multiple databases (CINAHL, PubMed/MEDLINE, Scopus, EMBASE, 
and PsycINFO) was conducted for articles published in the English language between 1980–March 2020 
that evaluate the effectiveness of any intervention/treatment related to ABI. The references from key 
review articles, meta-analyses, and systematic reviews were reviewed to ensure no articles had been 
overlooked. For certain modules that lacked research evidence the gray literature, as well as additional 
databases, were searched in order to ensure the topic was covered as comprehensively as possible. 
 
Specific subject headings related to ABI were used as the search terms for each database. The search 
was broadened by using each specific database’s subject headings, this allowed for all other terms in the 
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database’s subject heading hierarchy related to ABI to also be included. The consistent search terms 
used were “head injur*”, “brain injur*”, and “traumatic brain injur*”. Additional keywords were used 
specific to each module. A medical staff librarian was consulted to ensure the searches were as 
comprehensive as possible. 
 
Every effort was made to identify all relevant articles that evaluated rehabilitation interventions/ 
treatments, with no restrictions as to the stage of recovery or the outcome assessed. For each module, 
the individual database searches were pooled, and all duplicate references were removed. Each article 
title/abstract was then reviewed; titles that appeared to involve ABI and a treatment/intervention were 
selected. The remaining articles were reviewed in full. 
 
Studies meeting the following criteria were included: (1) published in the English language, (2) at least 
50% of the study population included participants with ABI (as defined in Table 1) or the study 
independently reported on a subset of participants with ABI, (3) at least three participants, (4) ≥50% 
participants had a moderate to severe brain injury (as defined in Table 2), and (5) involved the evaluation 
of a treatment/intervention with a measurable outcome. Both prospective and retrospective studies 
were considered. Articles that did not meet our definition of ABI were excluded. 
 

Interpretation of the Evidence 

The levels of evidence (Table 3) used to summarize the findings are based on the levels of evidence 

developed by Sackett et al. (2000). The levels proposed by Sackett et al. (2000) have been modified; 

specifically, the original ten categories have been reduced to five levels. Level 1 evidence pertains to high 

quality randomized controlled trials (RCTs) (PEDro ≥6) and has been divided into two subcategories, level 

1a and level 1b, based on whether there was one, or more than one, RCT supporting the evidence 

statement. 

The evidence statements made in evidence-based reviews are based on the treatment of groups rather 

than individuals. There are times when the evidence will not apply to a specific case; however, the 

majority of patients should be managed according to the evidence. Ultimately, the healthcare 

professional providing care should determine whether an intervention is appropriate and the intensity 

with which it should be provided, based on their individual patient’s needs. Furthermore, readers are 

asked to interpret the findings of studies with caution as evidence can be misinterpreted. The most 

common scenario occurs when results of a trial are generalized to a wider group than the evidence 

allows. Evidence is a tool, and as such, the interpretation and implementation of it must always be done 

with the known limitations in mind. 
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TABLE 3 | Levels of Evidence  

Level  Research Design  Description  

1A Randomized Controlled Trial 
(RCT) 

More than one RCT with PEDro score ≥6. Includes within subject comparisons, with 
randomized conditions and crossover designs 

1B RCT One RCT with PEDro ≥6 

2 RCT One RCT with PEDro <6 

Prospective Controlled Trial 
(PCT) 

Prospective controlled trial (not randomized) 

Cohort  Prospective longitudinal study using at least two similar groups with one exposed to a 
particular condition  

3 Case Control  A retrospective study comparing conditions including historical controls  

4 Pre-Post Trial A prospective trial with a baseline measure, intervention, and a post-test using a single 
group of subjects 

Post-test  A prospective intervention study using a post intervention measure only (no pre-test or 
baseline measurement) with one or more groups 

Case Series A retrospective study usually collecting variables from a chart review  

5 Observational study Using cross sectional analysis to interpret relations 

Clinical Consensus  Expert opinion without explicit critical appraisal, or based on physiology, biomechanics 
or “first principles” 

Case Reports  Pre-post or case series involving one subject  

 
 

Strength of the Evidence 

The methodological quality of each randomized controlled trial (RCT) was assessed using the 

Physiotherapy Evidence Database (PEDro) rating scale developed by the Centre for Evidence-Based 

Physiotherapy in Australia (Moseley et al., 2002). The PEDro is an 11-item scale; a point is awarded for 

ten satisfied criterion yielding a score out of ten. The first criterion relates to external validity, with the 

remaining ten items relating to the internal validity of the clinical trial. The first criterion, eligibility 

criteria, is not included in the final score. A higher score is representative of a study with higher 

methodological quality.
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Summary of the Evidence 
Intervention Key Point 

Level of Evidence 

Syndrome of Inappropriate Antidiuretic Hormone Secretion (SIADH)  

Thyrotropin-
Releasing 
Hormone  

Syndrome of inappropriate antidiuretic hormone secretion may be effectively 
controlled through thyrotropin-releasing hormone (TRH) stimulation. 

There is level 4 evidence (from one pre-post test; Zhang et al., 2010) that TRH stimulation may be effective in 
treating hyponatremia post ABI. 
 

Growth Hormone Deficiency  

Hormone 
Replacement 
Therapy  

Growth hormone deficiency may be effectively treated with hormone 
replacement therapy and insulin growth like factor-1 therapy. 
 
There is level 1b evidence (from one RCT; Dubiel et al., 2018) that growth hormone replacement therapy 
may improve clinical outcomes compared to placebo in patients with GHD post ABI. 
 
There is level 1b evidence (from one RCT; Dubiel et al., 2018) and level 4 evidence (from one pre-post test; 
Devesa et al., 2013) that growth hormone replacement therapy effectively elevates serum IGF-1 levels in 
individuals with growth hormone deficiency post ABI.  
 
There is level 2 evidence (from one randomized controlled trial; Hatton et al., 1997) that pharmacological 
concentrations of IGF-1 may improve recovery, as well as glucose and nitrogen utilization post moderate to 
severe TBI.  
 
There is level 2 evidence (from one prospective controlled trial; Moreau et al., 2013) and 3 evidence (from 
one case control; Gardner et al., 2015) that growth hormone replacement therapy improves quality of life 
post ABI.  
 
There is level 4 evidence (from one pre-post test; Mossberg et al., 2017) that growth hormone replacement 
therapy may be effective in treating GHD, fatigue, and depression post ABI. 
 

Androgen Replacement in Men  

Testosterone 
Therapy   

More research is needed to determine the efficacy of testosterone therapy in 
hypogonadal men post ABI. 
 
There is level 1b evidence (from one randomized controlled trial; Ripley et al., 2020) that testosterone therapy 

is safe and well-tolerated in hypogonadal men with severe TBI; however, it may not improve functional 

outcomes.  

Estrogen Replacement in Women  

Progesterone Progesterone may be effective in treating long-term outcomes in gonadotropic 
deficiency.  
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There is level 1b evidence (from one randomized controlled trial; Soltani et al., 2017) that progesterone 
treatment improves long-term outcome and functionality; however, benefits may not be observed short-
term in ABI populations. 

 

Introduction 
Hypopituitarism is a common and treatable condition resulting from an acquired brain injury (ABI). Post-
traumatic neuroendocrine disorders result from injury to, or disruption of the hypothalamic-pituitary 
axis within the brain and can involve one or more hormones from the anterior and/or posterior lobes of 
the pituitary gland, depending on which anatomical areas are involved. This module explores the variety 
of disorders which can arise from neuroendocrine dysfunction, their etiologies, and discusses relevant 
evidence-based interventions within the ABI population. However, evidence specific to post-ABI 
neuroendocrine dysfunction is not always available; in these instances, the most relevant research is 
discussed and provides an opportunity for further research.  
 

Anatomy of the Pituitary Gland 

The pituitary gland (Figure 1) consists of two lobes 
derived from two different embryological pouches, the 
anterior lobe (or adenohypophysis) and the posterior 
lobe (or neurohypophysis). The pituitary gland is 
connected to the hypothalamus through the pituitary 
stalk; together, the hypothalamus and pituitary gland 
regulate neuroendocrine function and serve a critical role 
in maintaining homeostasis. The hypothalamus 
determines which hormones should be secreted from 
either the anterior or posterior lobe based on complex 
feedback loops from the systemic circulation. The 
hormones secreted by both the anterior and posterior 
pituitary and their target function are shown in Table 4. 
Following ABI, there may be notable changes in hormones 
released by the pituitary gland (Popovic et al., 2005). 
 
The anterior lobe contains glandular cells which secrete 
hormones into the systemic circulation. It is controlled by 

the hypothalamus through the vascular portal system, a network of blood vessels inside the pituitary 
stalk, which also provides the blood supply for the anterior lobe. These vessels within the pituitary stalk 
are vulnerable to injury in ABI, and such injuries can produce ischemia in the anterior lobe. The anterior 
lobe is responsible for the production of six important hormones: prolactin (PRL), adrenocorticotropic 

Figure 1 | Diagram of the Hypothalamic Pituitary Axis  
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hormone (ACTH), growth hormone (GH), thyrotropin-stimulating hormone (TSH), follicle stimulating 
hormone (FSH), and luteinizing hormone (LH) (Blumenfeld, 2002).  
 
The posterior lobe contains the axons and nerve terminals of neurons which have their cell bodies in the 
hypothalamus. These axons project from the cell bodies in the hypothalamus through the pituitary stalk 
and into the posterior lobe, where they secrete hormones directly into the systemic circulation. The 
axons within the pituitary stalk are vulnerable to injury in ABI but can regrow from the hypothalamus; 
the posterior lobe is less vulnerable to ischemia than the anterior lobe as its blood supply does not travel 
through the pituitary stalk. The posterior lobe of the pituitary is responsible for the production of two 
important hormones: antidiuretic hormone (ADH, also referred to as vasopressin) and oxytocin 
(Blumenfeld, 2002). 
 

TABLE 4 | Pituitary Hormones and Bodily Responses  

Glands Hormones Part of Body Affected Body Response 

Anterior Pituitary 

PRL 
Mammary 

glands 
 

Lactation 

ACTH Adrenal glands 

 

Glucocorticoid production 

GH 
Liver, muscle, 

bone and other 
tissues 

 

Stimulation of growth and 
metabolism 

TSH Thyroid gland 
 

Stimulation of growth and 
metabolism 

FSH 

 
Testes (men) 

&  
Ovaries 

(women) 

 

 

Androgen secretion and sperm 
production 

LH 

 

Menstruation, 
estrogen and 

progesterone secretion 

Posterior Pituitary 

ADH Kidney 

 

Water regulation 

Oxytocin 
Uterus and 
mammary 

glands 
 

Labour contractions and lactation 

Note: ACTH=adrenocorticotropic hormone; ADH=antidiuretic hormone; FSH=follicle stimulating hormone; GH=growth hormone; 

LH=luteinizing hormone; PRL=prolactin; TSH=thyroid stimulating hormone 
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History and Epidemiology 

Hypopituitarism due to head trauma was first reported by the German researcher Cyran in 1918 
(Benvenga, 2005; Lieberman et al., 2001; Makulski et al., 2008). In the early 1950s, the incidence of 
hypopituitarism post injury was thought to be only 1%; however, more recent research indicates that 
neuroendocrine disorders due to ABI may affect 8-80% of persons post-ABI in the acute, subacute, and 
chronic phases of injury (Benvenga, 2005; Bondanelli et al., 2005; Ghigo et al., 2005; Makulski et al., 
2008; Sirois, 2009). Two reviews of the literature by Lauzier et al. (2014) and Schneider et al. (2007) 
found that the pooled prevalence of hypopituitarism in the chronic phase post-ABI was 27-32%.  
 
Until recently, damage to the hypothalamus and pituitary gland following trauma was often not 
diagnosed until the post-mortem examination (Yuan XQ, 1991). Now, blood and urine analysis are the 
most common methods to diagnose neuroendocrine disorders, which allows for functional assessment 
of hormonal imbalances and more accurate diagnosis (Tan et al., 2017). Neuroendocrine disorders can 
develop in the early days post injury, while the patient is still in the acute stage of recovery, or in the 
later sub-acute or chronic stages.  
 

Timing of Onset and Recovery of Hormone Deficiencies 
The likelihood of experiencing neuroendocrine dysfunction varies based on a number of factors, 
including the time since injury. In the acute period following an ABI, neuroendocrine dysfunction may 
develop as a consequence of critical illness and/or interventions required for acute ABI management and 
therefore may not represent sequelae of injury to the hypothalamic-pituitary axis (Klose et al., 2007). As 
a result, some acute neuroendocrine dysfunction may not persist beyond the acute phase of injury (Klose 
et al., 2007). However, monitoring for some neuroendocrine disorders during this period, such as signs 
of potentially life-threatening ACTH or ADH deficiency, is critical even if these deficiencies are temporary, 
because they warrant intervention (Hadjizacharia et al., 2008; Hannon et al., 2013; Kelly et al., 2000; 
Olivecrona et al., 2013; Sesmilo et al., 2007). 
 
In general, hypothalamic-pituitary axis dysfunction is most common in the acute phase post injury, when 
it affects 8-80% of persons with moderate or severe ABI (Benvenga, 2005; Bondanelli et al., 2005; Ghigo 
et al., 2005; Makulski et al., 2008; Sirois, 2009). Typically, the incidence of hormone dysfunction 
decreases as patients move into the subacute and chronic phases. Many patients who develop early 
neuroendocrine dysfunction experience recovery within the first 6 months post injury (Aimaretti, 
Ambrosio, Benvenga, et al., 2004). Various studies have shown that the majority of patients with low-
grade or single hormone deficiencies recover during the first 6 months post injury and tend to have a 
much better prognosis than those who do not recover (Aimaretti, Ambrosio, Benvenga, et al., 2004; 
Bondanelli et al., 2004; Ghigo et al., 2005). Although neuroendocrine dysfunction typically arises in the 
acute phase post-injury, one study reported that 5.5% of patients who showed no signs of 
neuroendocrine dysfunction at 3 months did so at 12 months, demonstrating that hormone deficiencies 
can develop in the subacute and/or chronic phases as well. Moreover, with time, persons with 
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neuroendocrine dysfunction may experience spontaneous recovery or may develop additional hormone 
deficiencies (Aimaretti, Ambrosio, Benvenga, et al., 2004; Ghigo et al., 2005). 
 

Isolated and Combined Hormone Deficiencies  
Which hormones are affected depends on which areas of the hypothalamic-pituitary axis have been 
affected. Patients may develop abnormalities in one or more hormones.  Single hormone deficiencies 
are more common than multiple hormone deficiencies, in which two or more hormones are affected 
(Krewer et al., 2016). Single hormone deficiencies may affect 30-40% of persons with moderate to severe 
ABI, whereas 10-15% of persons with moderate to severe ABI may develop multiple hormone 
deficiencies (Aimaretti, Ambrosio, Di Somma, et al., 2004; Bondanelli et al., 2004; Kelly et al., 2000; 
Lieberman et al., 2001).  In one study, 13.3% of patients who demonstrated single hormone deficiencies 
at 3 months developed multiple hormone deficiencies at 12 months (Ghigo et al., 2005).  
 
There is significant variability in the reported incidence of different types of hormonal abnormalities post 
ABI. Of the single hormone deficiencies, elevated PRL (30%), GH deficiency (20-30%), ADH deficiency 
(also termed diabetes insipidus, DI; 15-50%), ACTH deficiency (9-80%), LH and/or FSH deficiency (also 
termed hypogonadism; 10-30%), and hypothyroidism (10-30%) are the most commonly reported 
(Bondanelli et al., 2004; Hadjizacharia et al., 2008; Hannon et al., 2013; Olivecrona et al., 2013). The 
pattern of involvement in combined hormone deficiencies is not well-established.  
 

Risk Factors for Neuroendocrine Dysfunction 

To date, there is no consensus on what factors predict who will develop neuroendocrine dysfunction 
post ABI. This is due, in part, to differences in rates of screening to detect hormonal abnormalities, 
variability in the timing of onset, variability in cut-offs for diagnosis, and likely other factors that have 
not yet been elucidated. In general, there are five factors which are thought to increase a person’s risk 
of developing neuroendocrine dysfunction post ABI: greater injury severity, lower initial Glasgow Coma 
Scale (GCS) score, specific injury features, raised intracranial pressure, length of intensive care unit stay, 
and time post-injury (Klose et al., 2007; Schneider, Aimaretti, et al., 2007).  
 

TBI Severity 

Persons with moderate or severe TBI are more likely to develop neuroendocrine dysfunction than 
individuals who sustain mild TBI (concussion)(INESSS-ONF, 2015; Klose et al., 2007; Schneider, 
Kreitschmann-Andermahr, et al., 2007). Accordingly, persons with an initial GCS score between 3 and 12 
should be considered higher risk for hormonal disorders or deficiencies and considered for screening 
(Behan et al., 2008). For persons with a TBI and initial GCS score <12, there is inconclusive evidence for 
the relationship between lower initial GCS score and neuroendocrine dysfunction; however, on the 
balance of evidence, there is likely a greater risk of neuroendocrine dysfunction in persons with severe 
injuries compared to moderate injuries (Bondanelli et al., 2004; Cernak et al., 1999; Kleindienst et al., 
2009; Klose et al., 2007; Lauzier et al., 2014; Nemes et al., 2015; Prasanna et al., 2015; Sirois, 2009; 
Tanriverdi et al., 2013). This is supported by recent guidance from both the American College of 
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Endocrinology, the American Association of Clinical Endocrinologists, and the British Neurotrauma 
Group (Tan et al., 2017; Tritos et al., 2015). 
 
Some studies suggest an increased risk in persons with the most severe disability including disorders of 
consciousness (i.e., coma or unresponsive wakefulness(Estes & Urban, 2005; Klose et al., 2007; Sesmilo 
et al., 2007). In addition, longer length of stay in the intensive care unit (ICU), longer hospitalization, and 
a prolonged loss of consciousness may also be associated with the development of hypopituitarism 
(Klose et al., 2007; Schneider, Kreitschmann-Andermahr, et al., 2007). Although prolonged ICU admission 
and prolonged coma may be attributable to factors other than severity of injury, these factors suggest 
patients with more severe clinical presentations are at increased risk for developing neuroendocrine 
dysfunction. 
 

Other Risk Factors for Neuroendocrine Dysfunction 

Numerous studies have evaluated whether or not the Individuals at greatest risk for post-traumatic 
hypopituitarism are those who have sustained a specific type of injury or who were older at the time of 
injury.  
 
Ultimately, there is conflicting evidence regarding whether hormone deficiencies are associated with 
specific types or patterns of brain injury. Neuroendocrine dysfunction may develop as a result of any 
type of ABI or TBI (Klionsky et al., 2016). Several studies found no relationship between the type of injury 
and hypothalamic-pituitary axis dysfunction (Ghigo et al., 2005; Lauzier et al., 2014). Some studies found 
that diffuse axonal injury (Estes & Urban, 2005; Hadjizacharia et al., 2008; Schneider et al., 2008)and 
penetrating injury may be associated with increased risk of neuroendocrine dysfunction(Hadjizacharia 
et al., 2008). In one study, cerebral edema was associated with increased risk of diabetes insipidus due 
to ADH deficiency (Behan et al., 2008). Several studies reported that subarachnoid hemorrhage was 
correlated with increased risk of Syndrome of Inappropriate ADH (SIADH), or excess ADH production 
(Behan et al., 2008), as well as anterior pituitary hormone deficiencies (Khajeh et al., 2015). The incidence 
of basal skull fractures and neurosurgical procedures has been reported to be similar in patients with 
hypopituitarism when compared to those with normal pituitary function in some studies (Bondanelli et 
al., 2007) whereas other studies have reported that basal skull fractures increase the risk of developing 
ADH deficiency (diabetes insipidus) (Born et al., 1985; Schneider et al., 2008) and anterior pitiuitary 
dysfunction (Lauzier et al., 2014) after ABI. Further, one study by Schneider et al. (2008) suggested that 
greater diffuse axonal injury and basal skull fracture are associated with a higher risk of pituitary 
impairment, although this finding has not been reproduced across all studies. 
 
Older age was associated with the development of anterior pituitary hormone deficiencies in a 
systematic review in which all included studies had a mean age <50 years old (Lauzier et al., 2014). Other 
studies have yielded similar results, and similarly included relatively young patients, although the older 
patients within these cohorts were more likely to develop neuroendocrine dysfunction (Agha et al., 
2004; Bondanelli et al., 2004; Schneider et al., 2006). However, younger patients in these studies also 
developed neuroendocrine dysfunction, indicating that all ages are at risk. This finding is supported by 
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Benvenga et al. (2000), who noted that post ABI hypopituitarism occurred primarily in male survivors 
between the ages of 11 and 39. In two studies, high body mass index was found to be a risk factor for 
pituitary dysfunction (Klose et al., 2007; Ulfarsson et al., 2013). 
 

Pathophysiology of Hypopituitarism Post ABI 

Neuroendocrine disorders post TBI result from injuries to 
the areas of the brain that regulate endocrine functions 
within the hypothalamic-pituitary axis (Sandel ME et al., 
2007). In addition to pituitary trauma, hormonal 
alterations may reflect adaptive responses to injury and 
critical illness, particularly in the acute phase of injury; 
these alterations are not necessarily associated with 
long-term hypopituitarism. Figure 2 shows the pituitary 
gland under normal conditions and how it can be altered 
following a traumatic injury.  
 

Mechanism of Injury  
ABI can affect any component of the hypothalamic-pituitary axis via direct trauma or indirect injury; 
direct trauma can arise from hematoma, compression, or shearing of the pituitary stalk and indirect 
injury can arise from medications, ischemia from hemorrhage or hypotension, or systemic illness gland 
(Behan et al., 2008; Benvenga et al., 2000; Sirois, 2009). Direct injury most often occurs at the level of 
the pituitary stalk or within the pituitary gland.    This may be the result of direct trauma (Behan et al., 
2008; Benvenga et al., 2000; Sirois, 2009) (i.e., skull fracture), edema, hemorrhage, elevated intracranial 
pressure, or hypoxic shock. Direct mechanical injury to the hypothalamus, the pituitary stalk, or the 
pituitary gland may also result in hypopituitarism. Disruption of the long hypophyseal vessels, which 
travel through the vulnerable pituitary stalk to provide the blood supply to the anterior lobe of the 
pituitary, may produce an anterior lobe infarct (Stanfield, 1960). An infarction of the posterior lobe is 
much less common because the posterior lobe’s blood supply does not travel through the pituitary stalk. 
However, compression, inflammation, and/or edema involving the posterior pituitary gland can produce 
posterior lobe dysfunction; this has been shown to improve with time (Behan et al., 2008). Potential 
lesions of the hypothalamic-pituitary axis known to be associated with TBI are shown in Table 5. The 
types of injuries and respective rates are listed below in Table 6. 
 
 
TABLE 5 | Hypothalamic-Pituitary-Adrenal Lesions Associated with TBI (Sirois, 2009) 

Lesion Causes of Injury Location of Injury 

Primary Lesion (direct) 
 

Acceleration-deceleration Traumatic lesion of the stalk  

Anterior lobe necrosis  

Posterior lobe hemorrhage  

Figure 2 | Pituitary Gland: Normal (b) & Post-Traumatic 

Conditions (c) 
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Basal skull fracture  Direct lesion to pituitary, stalk, 
or hypothalamus  

Secondary Lesion (non-
direct) 

Brain edema  

Hypoxia  

Intracranial pressure  

Hemorrhage  

Inflammatory mediators  

 

TABLE 6 | Type and Rate of Injury (Benvenga et al., 2000) 

Type of Injury Percentage 

Hemorrhage of hypothalamus 29% 

Hemorrhage of posterior lobe 26% 

Infarction of anterior lobe 25% 

Infarction of posterior lobe 1% 

Stalk resection 3% 

 

Note that although this section emphasizes the pathophysiology and mechanisms of injury thought to 
contribute to the development of neuroendocrine dysfunction, neuroendocrine dysfunction can develop 
post ABI in the absence of these mechanisms and neuroimaging findings. For instance, in 7% of cases, 
neuroendocrine disorders are not associated with neuroimaging abnormalities (Benvenga et al., 2000). 
The gold standard for neuroendocrine dysfunction includes serum tests assessing hormonal function 
(Benvenga et al., 2000).  
 

Signs & Symptoms 

Neuroendocrine dysfunction may present at any time post injury. The presenting features vary 

significantly depending on which hormones are affected. Patients with neuroendocrine dysfunction may 

present with fatigue, temperature lability, disturbances in appetite, weight fluctuations, sodium 

dysregulation, sexual dysfunction, hypertension or hypotension, increased anxiety and depression, 

cognitive deficiencies, reduced bone and muscle mass, exercise intolerance, and immunologic disorders 

(Sesmilo et al., 2007; Sirois, 2009). Due to the overlapping symptoms and signs that may occur, clinical 

determination of which hormones are affected may not be possible, and thus typically requires 

diagnostic testing (Sesmilo et al., 2007; Sirois, 2009). Moreover, these symptoms and signs can overlap 

with the sequelae of ABI, even in the absence of neuroendocrine dysfunction, underscoring the need for 

diagnostic testing.  
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Due to the nature of its features and the delay of 
its presentation, neuroendocrine dysfunction may 
be missed following any type of ABI (Klionsky et al., 
2016; Schneider, Kreitschmann-Andermahr, et al., 
2007); thus, the diagnosis of hypopituitarism 
following an ABI remains a challenge. Further 
complicating the assessment of hypopituitarism 
are normal variations in different populations, 
such as low serum insulin-like growth factor in 
older patients due to normal aging and not due to 
a pathological or ABI-related process. However, 
some symptoms of hypopituitarism do not 
routinely occur due to ABI, loss of hair growth (loss 
of axillary hair or decreased need for facial 
shaving), impaired sexual function, weight 
changes, polydipsia, or secondary amenorrhea. 
The most common signs and symptoms of 
pituitary dysfunction are outlined in Table 7.  

 
TABLE 7 | Hormone Abnormalities and Accompanying Signs and Symptoms  

Type of Injury Percentage 

Hemorrhage of hypothalamus 29% 

Hemorrhage of posterior lobe 26% 

Infarction of anterior lobe 25% 

Infarction of posterior lobe 1% 

Stalk resection 3% 

 

Current research suggests that anyone who suffers a brain injury (due to a stroke or TBI) and has a 
Glasgow Coma Scale (GCS) score between 3 and 12 should be tested for hormonal disorders or 
deficiencies (Behan et al., 2008). Due to the consequences associated with pituitary dysfunction, it 
represents a negative prognostic factor for post ABI recovery (Benvenga et al., 2000). 
 
 

Screening & Diagnosis of Hypopituitarism  

Diagnosis of neuroendocrine dysfunction is based on clinical evaluation and laboratory testing. 

According to the INESSS-ONF Guidelines (2015) and Sesmilo et al. (2007), screening for neuroendocrine 

dysfunction should be performed in all patients with an initial GCS score between 3 and 12 (i.e., 

moderate to severe TBI). The INESSS-ONF Guidelines recommend screening these patients any time they 

Clinical Presentation of Hypopituitarism 

- Fatigue  
- Sleep Disturbance  
- Decreased muscle mass, increased fat 

mass  
- Reduced exercise tolerance and muscle 

strength  
- Amenorrhea, decreased libido, erectile 

dysfunction  
- Decreased cognitive function, 

concentration, memory  
- Mood disturbances, depression, 

irritability  
- Social isolation, decreased quality of life 
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present with clinical features suggestive of neuroendocrine dysfunction and/or between 3-6 months 

post ABI; recommended screening tests are described in Table 8. However, there is some dispute in the 

literature as to how soon after injury testing should be performed, if it should be repeated, and if so, 

how often it should be conducted. As indicated previously, because clinical assessment of 

hypopituitarism is difficult since the signs and symptoms are often nonspecific, may overlap between 

specific hormones, and can mimic the neuropsychological sequelae of TBI, screening and diagnostic 

testing are critical to making the diagnosis.  

 

TABLE 8 | Screening Tests for the Hypothalamic-Pituitary Axis post ABI (INESSS-ONF, 2015) 

Anterior Pituitary* 

Pituitary-Gonadal Axis 
LH, FSH, PRL, and serum testosterone (men) or estrogen (women) 

Pituitary-Adrenal Axis 
Plasma cortisol and serum glucose 

Pituitary-Thyroid Axis 
TSH and free T3 or free T4 

Pituitary-Growth Hormone Axis 
Insulin-like growth factor 1 (IGF-1)#  

Posterior Pituitary 

Clinical evaluation of volume (hydration) status 
Serum sodium and urine sodium 
Serum osmolality and urine osmolality  

*According to the INESSS-ONF guidelines, all testing should be performed in the morning to account for expected diurnal variation. 
#IGF-1 testing is controversial and may not need to be completed due to uncertainty regarding the need for and/or benefit of treatment 

(Behan et al., 2008; Molitch et al., 2011; Sesmilo et al., 2007). 

 

In the acute phase of after an ABI, patients should be monitored clinically for the development of signs 

and/or symptoms indicative of neuroendocrine dysfunction. Specifically, patients should be monitored 

for signs or symptoms of adrenal insufficiency and DI, as these can have serious, life-threatening 

consequences (Bernard et al., 2006; INESSS-ONF, 2015). During the acute phase, plasma cortisol levels 

of less than 193 nmol/L (7.2 µg/dL) or serum glucose <4 mmol/L (72 mg/dL) may indicate adrenal 

insufficiency if alternative explanations are absent and warrant immediate attention; low plasma cortisol 

(496 nmol/L or <18 ug/dL) may also warrant consideration for treatment for adrenal insufficiency 

(Schneider, Aimaretti, et al., 2007).  

 

Screening for other neuroendocrine abnormalities during the acute period is not recommended due to 

the risks and harms associated with over diagnosis and overtreatment in the critically ill patient (Tan et 

al., 2017). For patients in the subacute or chronic phases after an ABI, clinicians should screen for signs 

and/or symptoms of neuroendocrine dysfunction including asking about signs/symptoms, checking 

blood pressure, and, if appropriate or warranted, arranging for the screening tests outlined in Table 9. 
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Given that hypopituitarism can evolve over time following injury, it is important to consider it as a 

diagnostic possibility in all stages of recovery. In the acute stage, screening for adrenal insufficiency and 

diabetes insipidus is particularly important due to their life-threatening potential. Although a recent 

study found that elevated levels of luteinizing hormone during early hospitalization are significantly 

associated with higher rates of mortality, the clinical utility of testing in the acute phase is limited (Hohl 

et al., 2018). In the acute stage of recovery it is not necessary to routinely assess growth, gonadal, or 

thyroid hormones as there is no evidence to suggest that supplementation of these hormones during 

this phase is beneficial (Ghigo et al., 2005; Schneider, Aimaretti, et al., 2007); however, during the post 

recovery stage, between 3 and 6 months, a clinical assessment for hypopituitarism should be completed 

(Agha, Phillips, et al., 2005; Powner & Boccalandro, 2008; Powner et al., 2006; Schneider, Aimaretti, et 

al., 2007). 

 

Neuroendocrine screening and diagnostic tests are outlined in Table 9. Anterior pituitary screening 

should include morning serum cortisol and random blood glucose, TSH and either free T3 or free T4, FSH, 

LH, PRL, IGF-1, and morning testosterone in men or estrogen in women. Posterior pituitary screening 

should include serum and urine sodium and osmolality. For patients who screen positive for 

neuroendocrine dysfunction, confirmatory tests are required to diagnose ACTH and GH deficiency. For 

suspected ACTH deficiency, morning cortisol levels <100nmol/L (3.6 µg/dL) are sufficient for diagnosis; 

other patients may require referral to an endocrinologist for definitive diagnosis (Tan et al., 2017). For 

suspected GH deficiency, provocative testing may be warranted if IGF-1 levels are below the 25th 

percentile of age-related normal limits (Ghigo et al., 2005). However, GH deficiency treatment is 

controversial in adults and provocative testing may not be appropriate; consultation with an 

endocrinologist is recommended (Molitch et al., 2011). 

TABLE 9 | Screening and Diagnostic Testing for Neuroendocrine Dysfunction Post ABI (Molitch et al., 
2011; Tan et al., 2017).  

Hypothalamic-
Pituitary Axis 

Screening Tests 
Abnormalities Indicating 

Need for Referral or 
Further Testing 

Diagnostic Tests 

Adrenal Morning serum cortisol 
Serum glucose 

Low cortisol (<7 ug/dL or 
193 nmol/L) 

Low glucose (<4 mmol/L 
without other 
explanation) 

Morning cortisol <100 
nmol/L is diagnostic 

Consider consulting an 
endocrinologist for 
CRH stimulation test 
or insulin-induced 
hypoglycemia test 

Gonadal LH, FSH, morning 
testosterone (men) or 
estrogen (women) 

Low LH, FSH, and low 
testosterone or 
estrogen 

No additional tests 
required for diagnosis 
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Hypothalamic-
Pituitary Axis 

Screening Tests 
Abnormalities Indicating 

Need for Referral or 
Further Testing 

Diagnostic Tests 

Prolactin PRL Low or high PRL  
(note that disorders of PRL 
can occur due to 
medications or other 
causes) 

No additional tests 
required for 
diagnosis; consider 
referral for low PRL if 
interested in lactation 

Thyroid TSH 
Free T4 or free T3 

Low TSH + low free T4 or 
free T3 indicates 
hypothalamic-
pituitary axis 
abnormality 

(note that high TSH + low 
free T4 or free T3 indicates a 
primary thyroid problem) 

No additional tests 
required for diagnosis 

Growth Hormone IGF-1 Low IGF-1 Consider consulting an 
endocrinologist for 
insulin tolerance test 
or glucagon 
stimulation test 

Diabetes Insipidus 
(ADH deficiency) 

Simultaneous serum and 
urine sodium and 
osmolality 

Urine output (mL/hr) 
Clinical assessment of 

volume status 
 

Serum sodium >145 
mmol/L 

Serum osmolality >290 
mmol/L 

Urine osmolality <300 
mmol/L 

Urine output >3L/24h, or 
>200 

mL/hr for 2+ consecutive 
hours, 

or >5 mL/kg/hr 
Dehydrated (low volume 

status) 
 

No additional tests 
required for diagnosis 
if meets these 
criteria; consider 
desmopressin test if 
concern for 
nephrogenic DI 

SIADH 
(ADH excess) 

Simultaneous serum and 
urine sodium and 
osmolality 

Clinical assessment of 
volume status 

 

Serum sodium <135 
mmol/L 

Serum osmolality 
<280mmol/L 

Urine osmolality >300 
mmol/L 

Normal volume status 

No additional tests 
required for diagnosis 
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Neuroimaging  

Neuroimaging is not required for the diagnosis of neuroendocrine dysfunction. However, in patients for 

whom neuroimaging is needed, Makulski et al. (2008) concluded from a systematic review that magnetic 

resonance imaging (MRI) is the preferred imaging technique for the pituitary gland, as it can readily 

distinguish between the anterior and posterior lobes. MRI allows for both visualization of structural 

abnormalities and indirect imaging of the blood supply. The most common pathological findings are 

hemorrhage of the hypothalamus and posterior lobe, and infarction of the anterior lobe (Maiya et al., 

2008; Makulski et al., 2008). While widely regarded as the best imaging technique, MRI may still fail to 

show pathological abnormalities in some patients with PTHP (Makulski et al., 2008). Benvenga et al. 

(2000) found that 6% to 7% of those with post-traumatic hypopituitarism showed no abnormalities on 

MRI. Regarding testing, blood tests remain the gold standard. Neuroimaging can be a useful adjunct to 

ensure there are no reversible structural causes of pituitary dysfunction, such as a mass.  

Provocative Testing  

Growth Hormone Provocative Tests  
Approximately 20% of those with a TBI or subarachnoid hemorrhage are at risk for severe growth 
hormone deficiency (Klionsky et al., 2016); provocative testing has been recommended to rule it out. 
Due to the expense of this test, it is recommended that other hormonal tests are conducted first, such 
as the IGF-I, and that provocative testing is used only to rule out other transitory hormone deficits 
(Sesmilo et al., 2007). It is not recommended to use Insulin Growth Factor (IGF) levels as an assessment 
of overall growth hormone as multiple studies have found no association between the two (Bondanelli 
et al., 2005; Popovic et al., 2005). 
 

Adrenocorticotropic Hormone Provocative Tests 
The diagnosis of ACTH insufficiency often requires provocative tests in addition to measurement of early 
morning basal serum cortisol levels. The normal basal morning serum cortisol values are between 150 
nmol/L and 800 nmol/L (5.3–28.6 lg/dL). Basal morning serum cortisol <100 nmol/L (<3.6 ug/dL) is 
diagnostic for secondary ACTH insufficiency related to hypothalamic-pituitary axis dysfunction; if this 
value is >500 nmol/L (>18 lg/dL) ACTH insufficiency can be excluded. When basal serum cortisol values 
are borderline, a provocative test is necessary (Auernhammer & Vlotides, 2007). These tests include the 
the insulin-induced hypoglycemia test, the cortotropin-releasing hormone stimulation test, and the 
metyrapone test. Consultation with an endocrinologist is recommended prior to proceeding with 
provocative testing (Tan et al., 2017). 
 
During the insulin-induced hypoglycemia test, the peak serum cortisol levels in healthy people are 
between 555 nmol/L and 1,015 nmol/L (19.8–36.2 lg/dL) (Auernhammer & Vlotides, 2007). ACTH 
insufficiency is diagnosed when there is a serum cortisol peak <500 nmol/L. Although this test has been 
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shown to be the gold standard, caution is recommended when using the test because it produces 
hypoglycemia; the test is contraindicated in some persons with cardiac disease and epilepsy.  

 
In the corticotropin-releasing hormone (CRH) stimulation test, patients receive recombinant CRH 
intravenously; CRH is normally produced by the hypothalamus and is responsible for stimulating ACTH 
release from the anterior pituitary.  If serum cortisol increases to <350–420 nmol/L (<12.5–15 ug/dL), 
this suggests ACTH insufficiency; if serum cortisol increases to >515-615 nmol/L (18.5–22.0 lg/dL), 
insufficiency can be excluded (Auernhammer & Vlotides, 2007). 
 
The metyrapone test is considered only when other tests are inconclusive. Metyrapone blocks the last 
step in the biochemical pathway between cholesterol and cortisol, leading to a reduction in serum 
cortisol; in turn, this should increase of ACTH secretion and an increase of cortisol precursors including 
11b-deoxycortisol. The peak serum 11b-deoxycortisol levels in healthy people range between 195 
nmol/L and 760 nmol/L. During the test, if the serum 11-deoxycortisol increase to >200 nmol, adrenal 
insufficiency is excluded. Another variant of the test is the ‘‘multiple dose metyrapone test’’, which 
requires other diagnostic cut-offs of serum 11b-deoxycortisol levels. In order to support this multistep 
testing, patients must be monitored in hospital because metyrapone may cause gastrointestinal upset 
and may lead to adrenal insufficiency (Auernhammer & Vlotides, 2007).  
 
Because ACTH insufficiency is not the only cause of low serum cortisol/adrenal insufficiency, some 
patients may require an ACTH stimulation test. In this test, intravenous recombinant ACTH is injected, 
and patients’ serum cortisol is measured; failure of the intravenous ACTH to stimulate cortisol 
production indicates a problem with the adrenal glands (primary adrenal insufficiency). This testing does 
not diagnose hypothalamic-pituitary axis causes of low serum cortisol. 
 
TABLE 10 | Tests of Hypothalamic-Pituitary-Adrenal Axis Function (Auernhammer & Vlotides, 2007) 

Tests Methods  

Insulin-induced hypoglycemia test - Insulin (0.1–0.15 IU/kg) intravenously sufficient to cause adequate hypoglycemia 
(<40mg/dL, <2.2 nmol/L) 

- Blood samples are collected for measurement of serum cortisol at –15, 0, 30, 45, 60 and 
90 min 

Metyrapone test 
 

- 30 mg/kg orally at midnight with a snack to minimize gastrointestinal discomfort 
- Blood for serum 11b-deoxycortisol, ACTH and cortisol are obtained at 8 AM 

CRH test - 100 µg recombinant human CRH is given intravenously 
- Blood samples for serum cortisol are collected at –15, 0, 30, 45 and 60 min 

ACTH stimulation test  
 

- 250 µg recombinant human ACTH and serum cortisol, given intravenously 
- Responses are assessed at 0, 30 and 60 min 
- This tests the adrenal glands’ ability to produce cortisol and does not test the 

hypothalamic-pituitary-adrenal axis 

 



NEUROENDOCRINE FUNCTION & DISORDERS POST ACQUIRED BRAIN INJURY 
 

 
 

 

26                           EVIDENCE-BASED REVIEW OF MODERATE TO SEVERE ACQUIRED BRAIN INJURY 
 

 

Management of Neuroendocrine Disorders 
Timing of Assessment and Interventions  

To date, there have been no consensus guidelines to advise when to assess for or how to treat endocrine 

dysfunction post ABI; however, the American Association of Clinical Endocrinologists and American 

College of Endocrinology produced an approach to post-traumatic neuroendocrine dysfunction in 2015 

and the British Neurotrauma Group produced guidance for screening and management of post TBI 

pituitary dysfunction in 2017 (Tan et al., 2017; Tritos et al., 2015). Both of these groups recommend 

monitoring for signs and/or symptoms of ACTH and ADH dysfunction in the acute phase after moderate 

to severe TBI, particularly in the first two weeks post-injury, and assessing anterior and posterior 

pituitary hormones in the subacute and/or chronic phase. These recommendations are consistent with 

those from the INESSS-ONF (INESSS-ONF, 2015), which recommend screening clinically and/or with 

blood tests at 3-6 months or any time signs/symptoms develop. All of these guidelines are specific to 

persons with moderate to severe TBI and are not applicable to persons with mild TBI. Specific guidance 

for non-traumatic ABI is lacking. When there is clear indication of anterior or posterior pituitary 

dysfunction, consulting an endocrinologist is strongly recommended (Estes & Urban, 2005; Tan et al., 

2017; Tritos et al., 2015). 

Posterior Pituitary Dysfunction and Available 

Interventions  
Sodium Disorders: Hyponatremia and Hypernatremia 

The most common manifestation of posterior pituitary dysfunction after ABI is sodium dysregulation. 

Early studies investigating the impact of ABI on the posterior pituitary gland have demonstrated a 

disruption in sodium and fluid balance (Doczi et al., 1982). Makulski et al. (2008) noted that the more 

common medical consequences of acute TBI are disorders of salt and water balance resulting in 

hyponatremia, which may be due to the syndrome of inappropriate antidiuretic hormone secretion 

(SIADH) or due to cerebral salt wasting (CSW), and hypernatremia, which is typically the result of 

diabetes insipidus (DI) from insufficient ADH. Abnormalities of ADH represent one of the most common 

endocrine disturbances that occur in patients following TBI (Powner et al., 2006). 

Hyponatremia, defined as a serum sodium concentration below 135 mEq/L, can arise after ABI as a result 
of SIADH, in which too much ADH is produced by the posterior pituitary, as a result of CSW, which is not 
the result of a pituitary abnormality, or due to other medical conditions or medical treatments. In 
addition to SIADH and CSW, numerous medications, such as carbamazepine, selective serotonin 
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reuptake inhibitors (Li et al., 2016), loop diuretics, vasopressin analogs, and chlorpromazine, may lead 
to hyponatremia (Agha, Phillips, et al., 2005; Goh, 2004; Haugen, 2009). Signs and symptoms of 
hyponatremia include low serum sodium, anorexia, nausea, vomiting, altered mental status—ranging 
from confusion to lethargy to coma—and seizures. From three studies, the prevalence of hyponatremia 
post ABI ranged from 15% to 40% (Agha, Phillips, et al., 2005; Hannon et al., 2013; Moro et al., 2007; 
Zhang et al., 2010). Findings suggest that hyponatremia is more common in patients with severe, as 
opposed to mild or moderate, ABI (Zhang et al., 2010). Hyponatremia is undesirable during recovery as 
it is associated with longer length of stay and worse outcomes at 1 month post ABI (i.e., limited ‘good’ 
recovery, higher number of patients with moderate disability) (Moro et al., 2007). 
 
Hypernatremia, defined as a serum sodium concentration above 145 mEq/L, can arise after ABI as a 
result of inadequate ADH secretion. Like hyponatremia, other medical conditions or interventions, 
including the use of hypertonic saline or mannitol (for the management of raised intracranial pressure) 
or diuretics, can cause hypernatremia (Tritos et al., 2015). Commonly prescribed medications and those 
frequently used in persons with ABI that can cause hyponatremia are listed in Table 11; however, this 
list is not exhaustive. 
 
TABLE 11 | Medications Associated with Hyponatremia and SIADH. Adapted from (Shepshelovich et al., 
2017) 

Class of Medication Medications 

Antidepressants Citalopram, escitalopram, sertraline, paroxetine, venlafaxine, duloxetine, mirtazapine, amitriptyline  

Antipsychotics Haloperidol, risperidone, chlorpromazine, olanzapine, quetiapine, 

Anti-seizure medications Phenytoin, valproate, carbamazepine, lamotrigine, phenobarbital  

Neuropathic pain agents Pregabalin, venlafaxine, duloxetine 

Opioid agonists Oxycodone, tramadol 

Endocrine medications Glyburide, desmopressin 

 

Syndrome of Inappropriate Antidiuretic Hormone Secretion 

(SIADH)  

SIADH is diagnosed in patients when sodium serum levels drop below 135 mEq/L (hyponatremia) (Goh, 
2004), coupled with an inappropriate elevation of urine osmolality (Blumenfeld, 2002).  Most evidence 
for the treatment of SIADH is not specific to ABI. The incidence of SIADH post ABI can range from 2.3 to 
36.6%, and for most patients will be transient (Agha et al., 2004; Tan et al., 2017).  The onset of SIADH 
may present as early as 2 to 3 days post injury (Born et al., 1985), and may persist beyond 12 months 
(Moreau et al., 2012). Depending on the diagnostic criteria, SIADH is categorized as “severe” if serum 
sodium is <125-130 mmol/L (Born et al., 1985; Doczi et al., 1982). Severe syndromes may be associated 
with poorer neurological function compared to moderate syndromes.  
TABLE 12 | Interventions for SIADH Post ABI 

Author, Year Methods Outcome 
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Country 
Study Design 
Sample Size 

Zhang et al. (2010) 
China 

Pre-Post 
N=68 

Population: Craniocerebral Injury (CI); Mean 
Age=27.8yr; Gender: Male=51, Female=17; 
Time Post Injury ≤24hr; Injury Severity: 
Mild=17, Moderate=18, Severe=33. 
Intervention: Patients hospitalized within 24hr 
of CI were assessed for post-injury 
hyponatremia, which was defined as blood 
[Na+] <135mmol/L. Those with hyponatremia 
received thyrotropin-releasing hormone (TRH) 
stimulation.  
Outcome Measure: Incidence of hyponatremia, 
Level of ADH. 

1. TRH stimulation was shown to mitigate 
symptoms of hyponatremia caused by SIADH 
by reducing blood ADH concentration from 
baseline to 60min post TRH stimulation 
(130.87±4.32 to 72.64±3.11pg/mL; p<0.01). 
TRH stimulation was not effective in resolving 
hyponatremia caused by cerebral salt-wasting 
syndrome. 

 

Discussion 
Recommendations for the management of hyponatremia resulting from SIADH include limiting daily fluid 

intake and TRH stimulation (Zhang et al., 2010). These interventions may be administered alone or with 

loop diuretics (Arai et al., 2009). The former, in particular, directly decreases the level of circulating ADH 

in blood, and thus may represent an effective therapy for SIADH-induced hyponatremia. Its 

effectiveness, however, is limited against hyponatremia resulting from CSW (Zhang et al., 2010). Other 

ways to manage post-injury hyponatremia include intravenous or oral sodium supplementation . Higher 

doses of sodium may be necessary if hyponatremia persists. Hydrocortisone may be appropriate if 

sodium supplementation and fluid restriction are ineffective (Hannon et al., 2013; Moro et al., 2007). 

Moro et al (2007) reported that in such cases, hydrocortisone administration  returned the serum sodium 

to within normal range after 2 days of therapy. Other treatments for SIADH which have not been studied 

in the ABI population may be effective; consultation with an endocrinologist is recommended.  

 

In one prospective study, Zhang et al. (2010) reported that TRH stimulation mitigated the symptoms of 

hyponatremia caused by SIADH but did not resolve hyponatremia caused by CSW. Retrospective studies 

have identified several successful treatments for SIADH including intravenous saline (Chen et al., 2014; 

Moro et al., 2007), restricting fluid intake (Chen et al., 2014), hydrocortisone (2007), and enteral urea 

(Annoni et al., 2016). There optimal target range for fluid restriction has not been established post ABI: 

Doczi et al. (1982) suggested limiting daily fluid intake to less than 600-800mL, whereas Born et al. (1985) 

suggest limiting intake to 250-500mL.  

Conclusions 
There is level 4 evidence (from one pre-post test; Zhang et al., 2010) that TRH stimulation may be effective 
in treating hyponatremia post ABI. 
 
 
 

KEY POINT 

- Syndrome of inappropriate antidiuretic hormone secretion may be effectively controlled 
through thyrotropin-releasing hormone (TRH) stimulation. 

http://www.scopus.com/inward/record.url?eid=2-s2.0-77955553122&partnerID=40&md5=7cf143cddbcffdd74ad954d945f4e6d5
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Cerebral Salt Wasting (CSW)  

Hyponatremia is often multifactorial; in addition to SIADH, medications, and other causes, CSW may also 

cause hyponatremia (Moro et al., 2007; Zhang et al., 2010). CSW is a rare clinical condition resulting in 

low volume status (dehydration) and low blood pressure (hypovolemia) from excessive loss of sodium in 

the urine (Yee et al., 2010).  Because CSW results in hyponatremia, the symptoms are similar to SIADH, 

but patients may also experience clinical signs of dehydration, polyuria, significant thirst (polydipsia), 

low blood pressure, and salt cravings which can help distinguish them from SIADH (Yee et al., 2010).  The 

treatment for CSW is to correct the dehydration; CSW will not respond to fluid restriction or TRH, unlike 

SIADH (Yee et al., 2010). As with SIADH, most evidence for the treatment of CSW is not specific to the 

post ABI population. 
 

Diabetes Insipidus (DI) 

DI develops when there is inadequate secretion of ADH from the posterior lobe of the pituitary gland. In 

DI, insufficient ADH causes the kidneys to produce large amounts of dilute urine (polyuria), resulting in 

dehydration, incredible thirst (polydipsia), and hypernatremia (Blumenfeld, 2002). Post-ABI DI has been 

shown to occur in 2% to 51% of patients (Bondanelli et al., 2007; Bondanelli et al., 2004; Born et al., 

1985; Ghigo et al., 2005; Hannon et al., 2013). In a large observational study by Hadjizacharia et al. 

(2008), 15% patients with either blunt or penetrating head injury were diagnosed with DI. Typically, DI 

develops early, usually occurring within a few days to a week of injury as a result of cerebral edema and 

transient compression of the hypothalamus and/or posterior pituitary (Hadjizacharia et al., 2008; Kelly 

et al., 2000). While most studies suggest that post-injury DI is transient (Bondanelli et al., 2004; Hannon 

et al., 2013; Kelly et al., 2000; Schneider et al., 2006; Schneider et al., 2008), there is some evidence that 

DI may persist up to 12 months post injury (Agha & Thompson, 2005; Ghigo et al., 2005; Tsagarakis et 

al., 2005). With regards to treatment, desmopressin—an analogue to ADH which can be taken orally or 

nasally—has been shown to be effective in treating DI post ABI (Alaca et al., 2002; Born et al., 1985; 

Hannon et al., 2013). 

DI has been reported as significantly associated with higher mortality in individuals with TBI (Hannon et 

al., 2013), as well as a leading cause of death in those who sustain a severe TBI (Maggiore et al., 2009). 

Multiple risk factors for DI post ABI have been identified (Hadjizacharia et al., 2008): multivariable 

analysis showed that patients with severe injury, brain edema, Abbreviated Injury Scale score for the 

head greater than or equal to 3, and/or intraventricular hemorrhage were at a greater risk of developing 

DI following ABI. Others reported that extensive fractures at the base of the skull may also be an 
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important risk factor for DI, as these more often produce injury to the posterior pituitary gland (Born et 

al., 1985). Presence of DI may also predict deficiencies in other pituitary axes, such as hypogonadism 

(Schneider et al., 2008).  

Anterior Pituitary Dysfunction and Available 

Interventions 
Anterior pituitary dysfunction may lead to a compromise in production of GH, TRH, PRL, glucocorticoid, 
and sex hormones (Sandel ME et al., 2007). Clinical presentation of anterior pituitary dysfunction varies 
widely, depending on the particular neuroendocrine axes affected, as well as the severity and rapidity of 
damage to that axis. The clinical presentation can range from subclinical disease to life-threatening 
cardiovascular collapse (Sandel ME et al., 2007).  
 
Several studies have examined the prevalence of anterior pituitary deficiencies following ABI. In the past, 

anterior pituitary dysfunction was likely unreported post ABI (Yuan XQ, 1991); however, anterior 

pituitary dysfunction is now increasingly recognized (Sandel ME et al., 2007). The rate varies widely 

across studies, ranging from 15.4% to 76.4% (Bondanelli et al., 2007; Hannon et al., 2013; Klose et al., 

2007; Kopczak et al., 2014; Moreau et al., 2012; Nemes et al., 2015; Prodam et al., 2013; Rosario et al., 

2013; Ulfarsson et al., 2013). The onset of anterior pituitary deficiencies may occur within 24 hours of 

injury (Olivecrona et al., 2013; Tanriverdi et al., 2007) and may persist up to 12 months post injury or 

lifelong (Agha, Phillips, et al., 2005; Agha et al., 2004; Bondanelli et al., 2007; Bondanelli et al., 2004; 

Ghigo et al., 2005; Kelly et al., 2000; Lieberman et al., 2001; Moreau et al., 2012; Nemes et al., 2015; 

Schneider et al., 2006). 

Risk factors for anterior pituitary deficiencies post ABI vary across studies. As reviewed above (see 
History and Epidemiology) most studies conclude that greater injury severity is a significant risk factor 
for post-injury hypopituitarism (Bondanelli et al., 2004; Klose et al., 2007; Nemes et al., 2015; Prasanna 
et al., 2015; Tan et al., 2017; Tritos et al., 2015). However, not all studies demonstrate this relationship: 
Tanriverdi et al. (2007) and Agha et al. (2004) did not find differences in pituitary dysfunction by injury 
severity. Lieberman et al. (2001) reported that injury severity was not related to the number of affected 
pituitary axes affected in individuals presenting with hypopituitarism. Other risk factors for 
hypopituitarism are less well-established.  
 
Pituitary abnormalities may to occur in one or more axes (Agha et al., 2004; Kelly et al., 2000; Klose et 
al., 2007; Kopczak et al., 2014; Lieberman et al., 2001; Schneider et al., 2006). As there is no way to 
predict which axes, if any, will be affected following an ABI, clinical and laboratory evaluations are 
paramount to making the diagnosis.  In a systematic review (n=66), Lauzier et al. (2014) reported the 
prevalence, predictors, and clinical outcomes of anterior pituitary disorders following TBI. In the long 
term, 31.6% (n=27) of individuals were found to have at least one involved neuroendocrine axis. 
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Predictors of these disorders were older age (RR=3.19; n=19), greater injury severity (RR=2.15; n=7), and 
the presence of skull fracture (RR=1.73; n=6).  In this review, anterior pituitary disorders were associated 
with increased ICU mortality (RR=1.79; n=4), but not predictive of better/worse Glasgow Outcome Scale 
scores (n=3). In general, there is conflicting evidence as to whether outcomes for persons with post ABI 
anterior pituitary dysfunction may be worse than their unaffected counterparts.  
 

Rosario et al. (2013) reported that daily Functional Independence Measure gain was significantly lower 

in patients with hypopituitarism compared to those with normal function. However, the authors did not 

find any differences between those with and without endocrine function when comparing hospital 

length of stay. Individuals with hypopituitarism have also been shown to have poorer Disability Rating 

Scores at discharge compared to those with normal function (Bondanelli et al., 2007). Prasanna et al. 

(2015) found that lower Glasgow Outcome Scale Extended scores were associated with pituitary 

dysfunction, although Ulfarsson et al. (2013) did not find such results. Other studies have reported 

alterations in hormone patterns in persons with worse outcomes post ABI. For instance, Marina et al. 

(2015) reported that Glasgow Outcome Scale Extended and Functional Independence Measure scores at 

both 3 months and 1 year were associated with elevated stress hormones as well as suppressed thyroidal 

and gonadal hormones. Similarly, Prodam et al. (2013) found that individuals with hypopituitarism had 

higher prevalence of dyslipidemia and altered glucose metabolism. In all of these studies, causation 

cannot be established; worse outcomes in some of these studies may reflect the greater severity of initial 

injury, premorbid or other factors.  

Growth Hormone Deficiency  

The signs and symptoms of GH deficiency include fatigue, decreased muscle mass, osteoporosis, exercise 

intolerance, dyslipidemia, and truncal obesity, as well as several cognitive deficits and a poorer quality 

of life (Sandel ME et al., 2007; Schneider, Aimaretti, et al., 2007). Many of these symptoms overlap with 

the neuropsychiatric sequelae of ABI and may therefore be difficult to diagnose.  Consequently, although 

GHD is not uncommon following ABI, may not be as readily diagnosed as other hormone deficiencies 

(Lieberman et al., 2001). This observed difference in diagnosis of GH deficiency may also reflect the 

controversies regarding GH replacement in skeletally mature adults (Behan et al., 2008; Molitch et al., 

2011; Sesmilo et al., 2007; Tan et al., 2017; Tritos et al., 2015). Laboratory findings of GH deficiency 

include low IGF-1 levels (Agha et al., 2004; Agha, Sherlock, et al., 2005; Bondanelli et al., 2007; Lieberman 

et al., 2001; Olivecrona et al., 2013; Schneider et al., 2006; Tanriverdi et al., 2013), although provocative 

testing may be required for diagnosis.  

 

Clinical Presentation of Growth Hormone 
Deficiency 
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The prevalence of post-injury GHD varies 

considerably across studies, ranging from 2.8% to 

63.6% (Agha, Phillips, et al., 2005; Agha et al., 

2004; Bondanelli et al., 2007; Bondanelli et al., 

2004; Ghigo et al., 2005; Kelly et al., 2000; 

Kleindienst et al., 2009; Klose et al., 2007; Kopczak 

et al., 2014; Lieberman et al., 2001; Moreau et al., 

2012; Schneider et al., 2006; Tanriverdi et al., 

2007). GH deficiency may be transient or may 

persist up to and beyond 12 months(Agha, Phillips, 

et al., 2005; Agha et al., 2004; Bondanelli et al., 

2004; Ghigo et al., 2005; Kelly et al., 2000; 

Kleindienst et al., 2009; Lieberman et al., 2001; Schneider et al., 2006; Tanriverdi et al., 2013). As with 

other anterior pituitary hormones, multiple studies have evaluated putative risk factors for the 

development of GH deficiency with conflicting results. Some studies report that higher body mass index  

(Agha et al., 2004; Lieberman et al., 2001; Schneider et al., 2006; Tanriverdi et al., 2013), and more severe 

injury (Kleindienst et al., 2009; Tanriverdi et al., 2013) are associated with a higher incidence of post-

injury GH deficiency. Conversely, other studies have not found GH deficiency to be associated with body 

mass index (Agha, Phillips, et al., 2005; Aimaretti et al., 2005; Bondanelli et al., 2004) or injury severity 

(Agha, Phillips, et al., 2005; Bondanelli et al., 2004). 

 

In patients with a confirmed GH deficiency, GH replacement therapy can be considered (Auernhammer 

& Vlotides, 2007; Behan et al., 2008; Molitch et al., 2011; Sesmilo et al., 2007; Tritos et al., 2015). 

Guidance from experts recommends treating all other neuroendocrine disorders, if present, before 

considering GH treatment (Sesmilo et al., 2007; Tritos et al., 2015). The goal of therapy is to elevate 

serum IGF-I levels to within the normal range for age and gender without developing adverse 

consequences of GH excess.  

 

TABLE 13 | Interventions for Growth Hormone Deficiency Post ABI 

Author, Year 
Country 

Study Design 
Sample Size 

Methods Outcome 

Dubiel et al. (2018) 
United States 

RCT 
PEDro=7 

N=40 

Population: Mean age=31.1yr; Gender: 
Male=34, Female=6; Mean Time Post-
injury=64.1d. GCS: mild=4, Moderate=3, 
Severe=32, unknown=1.  
Intervention: Individuals were randomized to 
receive either recombinant human growth 
hormone or placebo. Follow-up was at 1-mo, 3-
mo, 6-mo and 12-mo. 1-mo and 3-mo follow-up 
was only taken for IGF-1 concentrations.  

1. At 3-mo and 6-mo follow-up the rhGH group 
had significantly higher IGF-1 concentrations 
(p=0.035, p=0.005), these were not observed at 
1-mo or 12-mo follow-up.  

2. At 6-mo follow-up the rhGH group had a 
significantly higher positive change in FIM 
motor scores (p=0.02), FIM cognitive scores 
(p=0.02), and total change in FIM scores 

- Headaches, sleep disturbances, energy 
loss, fatigue, insomnia  

- Attention/concentration disorders, 
decrease cognitive performance  

- Irritability, depression  
- Low self-esteem, poor quality of life  
- Muscle wasting, decrease lean body 

mass, weight gain (visceral obesity  
- Decrease VO2 max, decrease exercise 

tolerance, fatigability  
- Atherosclerosis, osteoporosis, 

dyslipidemia  

https://www.frontiersin.org/articles/10.3389/fendo.2018.00520/full
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Author, Year 
Country 

Study Design 
Sample Size 

Methods Outcome 

Outcome Measure: Disability rating scale 
scores (DRS), Functional Independence 
Measure (FIM) motor, FIM Cognitive, FIM total, 
IGF-1, Peak L-Arginine, California Verbal 
Learning Test (CVLT), Trail making test-A, Trail 
Making test-B.  

(p=0.02). There were no other significant 
differences at 6-mo. 
At 12-mo follow-up the rhGH group had 
maintained significantly higher positive scores 
in FIM motor scores (p=0.02), and total FIM 
change (p=0.01). There were no other 
significant differences at 12-mo follow-up.   

Hatton et al. (1997) 
USA 
RCT 

PEDro=5 
N=33 

 

Population: TBI; Intervention Group (n=17): 
Mean Age=27.6yr; Gender: Male=14, 
Female=3; Mean GCS=7; Mean Time Post 
Injury=56.5hr; Control Group (n=16): Mean 
Age=27.8yr; Gender: Males=14, Females=2; 
Mean GCS=6.1; Mean Time Post Injury=57.1 hr. 
Intervention: Patients were randomly allocated 
to receive either continuous IV IGF-1 
(0.01mg/kg/hr, treatment) or no IV treatment 
(control). IGF-I treatment began within 72hr of 
injury and continued for up to 14d. Both groups 
received nutritional support and neurosurgical 
intensive care. Patient assessments were made 
on 15d, 30d, discharge, and 3 and 6mo follow-
up. 
Outcome Measure: Glasgow Outcome Scale, 
Weight Loss, Glucose Concentrations, Nitrogen 
Balance.  

1. IGF-1 treatment resulted in lower daily glucose 
concentration and nitrogen output (p=0.03) 
when compared to placebo. 

2. Patients receiving IGF-1 treatment showed 
weight gain while those receiving placebo 
showed significant weight loss (p=0.02).  

3. In patients with GCS=5-7, those receiving IGF-1 
showed better outcome on GOS than those 
receiving placebo (p=0.06). 

Mossberg et al. (2017) 
United States 

Pre-Post 
N=15 

 

Population: TBI=15: Mean Age=45.5yr; Gender: 
Males=10, Females=5; Mean Time Post-
Injury=11.2yr.  
Intervention: Daily injections of recombinant 
human growth hormone (rhGH) for 12 mo.  
Outcome Measure: Cardiorespiratory 
symptoms, Muscle force testing, Body 
composition, Cognitive function (BDI, Fatigue 
Severity Scale (FSS)).  

1. There were no significant differences between 
pre and post measures of cardiorespiration 
(oxygen uptake, heart rate, minute ventilation, 
respiratory exchange ratio, oxygen pulse).  

2. Although skeletal muscle fatigue did not 
decrease over the course of treatment, there 
was a strong trend for a decrease in perceived 
fatigue (p=0.06).  

3. There was a strong trend for an increase in lean 
mass (p=0.06) post-treatment.  

4. There was a significant improvement in both 
BDI (p=0.019) and FSS (p=0.039) scores post-
treatment.  

Gardner et al. (2015) 
Sweden 

Case Control 
N=1429 

Population: TBI (n=161): Mean Age=42.6yr; 
Gender: Male=93, Female=68. Tumour 
(n=1268): Mean Age=53.2yr; Gender: 
Male=786, Female=482. 
Intervention: Participants diagnosed with GHD 
and treated with GH therapy were included in 
retrospective analysis. 
Outcome Measures: Quality of Life Assessment 
of GHD in Adults (QOL-AGHDA). 

1. At baseline, mean QOL-AGHDA scores were 
significantly worse in the TBI group than in the 
Tumour group (p<0.0001) 

2. After 1yr of treatment, mean improvement in 
QOL-AGHDA was greater in the TBI group than 
in the Tumour group (p=0.04), but the score 
remained worse in the TBI group. 

3. Over 8yr of treatment, mean improvement in 
QOL-AGHDA was maintained in both groups, 
but the score remained worse in the TBI group. 

Devesa et al. (2013) 
Spain 

Population: TBI; Mean Age=28.4yr; Gender: 
Male=8, Female=4; Mean Time Post 

1. GHD was diagnosed in 42% of participants. 

http://www.scopus.com/inward/record.url?eid=2-s2.0-0030897458&partnerID=40&md5=de5d44f52d637c6ede1955733dd68898
https://www.ncbi.nlm.nih.gov/pubmed/?term=mossburg+2017+tbi
https://www.ncbi.nlm.nih.gov/pubmed/25583905
https://www.ncbi.nlm.nih.gov/pubmed/22405763
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Author, Year 
Country 

Study Design 
Sample Size 

Methods Outcome 

Pre-Post 
N=12 

Injury=5.3yr. 
Intervention: Participants received GH therapy 
(1mg/d, 5d/wk, 8mo) and clinical rehabilitation 
(3-4hr/d, 5d/wk, 6-12mo). Diagnosis of GHD 
was made by the following criteria: plasma GH 
<7ng/mL. 
Outcome Measures: Plasma IGF-1. 

2. Before treatment, mean plasma IGF-1 levels 
were significantly lower in the GHD group than 
in the non-GHD group (p<0.05). 

3. After treatment, mean plasma IGF-1 levels 
significantly increased in both the GHD group 
(p<0.01) and non-GHD group (p<0.05), such 
that the two groups were no longer 
significantly different (p>0.05).  
Percentage increase in IFG-1 levels was 
significantly higher in the GHD group than in 
the non-GHD group (p<0.01). 

Moreau et al. (2013) 
France 

PCT 
N=50 

Population:  TBI; Intervention Group (TG, n=23): 
Mean Age=37.9yr; Gender: Male=19, 
Female=4; Mean Time Post Injury=7.8yr; Mean 
GCS=8.1. Control Group (CG, n=27): Mean 
Age=37.1yr; Gender: Male=24, Female=3; 
Mean Time Post Injury=5.5yr; Mean GCS=9.4. 
Intervention: Participants were allocated to 
receive GH therapy (TG, 0.2-0.6mg/d) or no 
treatment (CG) for 1yr. GHD was diagnosed 
with an insulin tolerance test or GHRH assay. 
Outcomes were assessed before and after 
treatment. 
Outcome Measures: Quality of Life Brain Injury 
(QOLBI); Activities of Daily Living (ADL); 
Cognitive Function. 

1. The TG showed significantly greater 
improvement in QOLBI functional (p=0.023) 
and personal (p=0.019) subscores. 
No significant differences between groups 
were found for ADL or tests of cognitive 
function. 

Discussion 
Recent research has found that GH replacement therapy effectively elevates serum IGF-I levels in 

individuals with GH deficiency post ABI (Devesa et al., 2013; Dubiel et al., 2018) and improves their 

quality of life (Gardner et al., 2015; Moreau et al., 2013). In a randomized controlled trial (RCT) of 

individuals with TBI, patients received IGF-I (5mg) via continuous intravenous infusion within 72 hours 

after injury and continued for 14 days, or placebo (Hatton et al., 1997). The authors found that patients 

receiving IGF-I treatment showed better outcomes in terms of glucose concentration, nitrogen balance, 

body weight, and recovery (Hatton et al., 1997). These findings were not replicated in a more recent 

study, in which Mossberg et al. (Mossberg et al., 2017) found that although recombinant human GH did 

not improve respiratory capacity or symptoms, fatigue and depression scores significantly improved with 

treatment. Similarly, another RCT (Dubiel et al., 2018) found that more than just IGF-1 concentrations 

improved with recombinant GH treatment. Cognitive and Motor Functional Independence Measure 

scores were seen to significantly increase in those receiving GH treatment at 6-month follow-up (Dubiel 

et al., 2018). These findings indicate that, in selected patients, replacement of GH or IGF-1 may improve 

symptoms and some outcome measures in persons with post ABI GH deficiency; however, treatment 

intervention may need to be tailored over time to an individual’s specific needs.  

https://www.ncbi.nlm.nih.gov/pubmed/23323993
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Conclusions  
There is level 1b evidence (from one RCT; Dubiel et al., 2018) that growth hormone replacement therapy 

may improve clinical outcomes compared to placebo in patients with GHD post ABI. 

There is level 1b evidence (from one RCT; Dubiel et al., 2018) and level 4 evidence (from one pre-post test; 

Devesa et al., 2013) that growth hormone replacement therapy effectively elevates serum IGF-I levels in 

individuals with growth hormone deficiency post ABI.  

There is level 2 evidence (from one randomized controlled trial; Hatton et al., 1997) that pharmacological 

concentrations of IGF-1 may improve recovery, as well as glucose and nitrogen utilization post moderate 

to severe TBI.  

There is level 2 evidence (from one prospective controlled trial; Moreau et al., 2013) and level 3 evidence 

(from one case control; Gardner et al., 2015) that growth hormone replacement therapy improves quality 

of life post ABI.  

There is level 4 evidence (from one pre-post test; Mossberg et al., 2017) that growth hormone 

replacement therapy may be effective in treating GHD, fatigue, and depression post ABI. 

 

 

 

 

Gonadotropic Deficiency  

Hypogonadism is often one of the earliest symptoms of hypopituitarism in those who survive a TBI (Lee 

et al., 1994). In both men and women, hypogonadism has been associated with sexual dysfunction, 

reduced vigour, mood disorders, insomnia, loss of facial, pubic and body hair, osteoporosis, and infertility 

(Hohl et al., 2009; Schneider, Aimaretti, et al., 2007). In men, additional symptoms include erectile 

dysfunction; in women, additional symptoms include secondary amenorrhea. Testing for hypogonadism 

requires assessing concentrations of LH and FSH in both men and women, and assessing serum 

testosterone concentrations in men and serum estradiol (estrogen) concentrations in women. Low levels 

of testosterone in men or low levels of estradiol in women in the absence of elevated FSH and LH levels 

may indicate hypogonadism. Interpreting these findings requires assessing the patient’s age, 

menopausal status, oral contraceptive use, and other medications, as these can influence test results 

and expected normal values (Tritos et al., 2015).  

 

KEY POINT 

- Growth hormone deficiency may be effectively treated with growth hormone replacement 
therapy and insulin growth like factor-1 replacement therapy. 

-  
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Hypogonadism is common among individuals with 

ABI: in the acute phase, prevalence rates range 

from 13% to 80% (Agha, Phillips, et al., 2005; 

Aimaretti et al., 2005; Barton et al., 2016; Hohl et 

al., 2014; Kleindienst et al., 2009; Kopczak et al., 

2014; Lee et al., 1994; Olivecrona et al., 2013; 

Rosario et al., 2013; Schneider et al., 2006; 

Tanriverdi et al., 2007). Persistent deficiencies up 

to and beyond 12 months have also been reported 

(Agha et al., 2004; Agha & Thompson, 2005; 

Aimaretti et al., 2005; Bondanelli et al., 2007; 

Bondanelli et al., 2004; Kelly et al., 2000; 

Kleindienst et al., 2009; Klose et al., 2007; 

Lieberman et al., 2001; Moreau et al., 2012; Schneider et al., 2006). Due to uncertainty around the 

clinical significance of hypogonadism in the acute period post-ABI, most authors suggest testing at the 

same time as for other neuroendocrine dysfunction, approximately 3 to 6 months post-injury or if 

signs/symptoms develop. Several authors, including Hohl et al. (2009) and. Agha and Thompson (2005) 

also suggest testing at 12 months post-injury.  

 

Common predictors of post-injury hypogonadism include older age (Agha et al., 2004), transient DI, 

polytrauma, hypoxia, and greater injury severity (Cernak et al., 1999; Kleindienst et al., 2009), specifically 

lower initial GCS (Agha & Thompson, 2005; Cernak et al., 1999; Kleindienst et al., 2009; Schneider et al., 

2006), although other studies have not reported this relationship (Bondanelli et al., 2007; Tanriverdi et 

al., 2007). Compared to individuals with normal hormone functioning, hypogonadism was also found to 

be associated with poorer scores for the Functional Independence Measure, Disability Rating Scale, 

cognitive function (Barton et al., 2016; Bondanelli et al., 2007), and Glasgow Outcome Scale scores (Agha 

& Thompson, 2005; Barton et al., 2016). In two studies, hypogonadism also correlated with lower 

Functional Independence Measure gains per day (Rosario et al., 2013) and less clinical improvement on 

the modified Rankin Scale (Schneider et al., 2006). Only one study has evaluated the mortality 

relationship with hypogonadism: this study reported that the rate of hypogonadism did not differ 

between individuals who survived and did not survive (Tanriverdi et al., 2007). 

Management of Hypogonadism in Men 
Treatments for hypogonadism in men include oral testosterone replacement therapy, subcutaneous 

testosterone implantation (3-6 pellets of 200mg unmodified testosterone every 4-6 months), 

intramuscular injections (testosterone esters), transdermal patches and gels, and buccal delivery 

(Nieschlag et al., 2004). Although several treatments are available and there are several evidence-based 

guidelines on when and how to treat hypogonadism, there is very little literature specific to the use of 

these treatments in the post ABI population. 

Clinical Presentation of Gonadotropic  
Deficiency 

- Testosterone and estrogen/progesterone 
deficiency  

- Hypogonadism: oligomenorrhea, 
amenorrhea, infertility, sexual 
dysfunction, decreased libido  

- Muscle atrophy, osteoporosis, hair loss 
(axillary and/or pubic), reduced need to 
shave facial hair 

- Reduced tolerance to exercise  
- Decreased memory and cognitive 

performance  
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TABLE 14 | Interventions for Hypogonadism in Men Post ABI 

Author Year 

Country 

Study Design 

Sample Size 

Methods Outcome  

Ripley et al., (2020) 
USA 
RCT 

PEDro=6 
NInitial=70, NFinal=35 

 

Population: TBI=35; Intervention Group (Low 

testosterone intervention, LTI; n=11): mean 

age=35.3±16.1yr; gender: male=11, female=0; time 

post injury=<6mo; severity: median GCS=3.5, range=3-

15. 

Control Group 1 (Low testosterone placebo, LTP; n=6): 

mean age=35.2±11.0yr; gender: male=6, female=0; 

time post injury=<6mo; severity: median GCS=3, 

range=3-8. 

Control Group 2 (Normal testosterone, NT; n=18): 

mean age=34.4±12.2yr; gender: male=18, female=0; 

time post injury=<6mo; severity: median GCS=3, 

range=3-8. 

Intervention: Participants were assigned to the normal 

testosterone group or the low testosterone group (if 

testosterone was <260ng/dL). Participants in the low 

testosterone group were randomly allocated to receive 

1% testosterone (50mg/d) or placebo transdermal gel. 

Outcome measures were assessed at baseline, 2, 4, 6 

and 8wk. 

Outcome Measures: Serum hormonal measurements, 

Functional Independence Measure (FIM), grip strength, 

adverse events, Agitation Index, Aggression Index. 

1. Testosterone therapy significantly improved 

testosterone levels by 3wk (p<.05). Levels 

returned to normal by 6wk.  

2. No significant differences in functional 

independence (FIM, p>.05), grip strength 

(p>.05), or adverse events (p>.05) were 

observed between groups. However, 

participants receiving testosterone therapy 

demonstrated the greatest absolute 

improvement in function and strength 

compared to the placebo or normal 

testosterone groups.  

3. Testosterone therapy was not associated 

with increased agitation or aggression.  

 

Discussion 
In one RCT, men with hypogonadism (low testosterone) who received transdermal testosterone therapy 

had significantly improved serum levels of testosterone, but did not experience improved functional 

outcomes in the short-term (<3mo), as indicated by Functional Independence Measure scores, 

compared to men with low testosterone who did not receive testosterone supplementation(Ripley et 

al., 2020). Importantly, the therapy was well tolerated with no significant differences in adverse events 

or increases in agitation or aggression. Although these results are promising, further research is 

necessary to determine the efficacy of testosterone therapy in persons with post ABI hypogonadism. 

Conclusions 
There is level 1b evidence (from one randomized controlled trial; Ripley et al., 2020) that testosterone 

therapy is safe and well-tolerated in hypogonadal men with severe TBI, although it may not improve 

functional outcomes.  

 

 

 

KEY POINT 

- Testosterone replacement may improve testosterone levels but not functional outcomes in men 
with hypogonadism post-TBI.  
 

https://pubmed.ncbi.nlm.nih.gov/32250330/
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Other Treatments for Hypogonadism 
In addition to reduced testosterone or estrogen levels, hypogonadism in men and women also results 

in low levels of progesterone. In animal models of TBI, progesterone has neuroprotective effects and is 

associated with improved outcomes. Unlike other studies, in which patients demonstrated 

hypogonadism, studies evaluating the benefit of progesterone supplementation do not require 

patients to have demonstrated hypogonadism. These studies are summarized in Table 15.    

TABLE 15 | Progesterone Interventions Post ABI 

Author Year 

Country 

Study Design 

Sample Size 

Methods Outcome  

Soltani et al. (2017) 
Iran 
RCT 

PEDro=7 
N=48 

Population: 48 men with TBI and diffuse axonal injury 
(DAI). Experimental Group (n=20): Mean age=27.85yr; 
Mean GCS=7.7. Control Group (n=24): Mean 
Age=30.37yr; Mean GCS=7.7.  
Intervention: 1 mg/kg of Progesterone was given 
intramuscularly every 12 hours for 5 days to the 
experimental group, while the control group received 
no treatment. Participants received treatment within 
12 hours of initial trauma.  
Outcome Measure: Glasgow Outcome Scale-Extended 

(GOS-E), Functional Independence Measure (FIM), 

serum progesterone levels, mortality.  

1. There were no significant differences 
between groups at 3 mo post-trauma based 
on treatment. However, at 6 mo post-
trauma the progesterone group had 
significantly higher GOS-E scores (p=0.03), 
with only 1 death in the progesterone group 
compared to 7 in the control group.  

2. FIM scores showed a similar trend with no 
significant difference between groups at 3 
mo but 6 mo post-trauma the progesterone 
group had significantly higher FIM scores 
(p<0.05).  

3. At baseline there was no significant 
difference between groups in terms of 
serum progesterone levels, however after 
the initiation of treatment the progesterone 
group maintained significantly higher 
progesterone levels until the end of the trial 
(p<0.05).  
The control group experienced significantly 
higher mortality compared to the 
progesterone group (p<0.05).  

Wright et al., (2014) 
USA 
RCT 

PEDro= 
NInitial=882, NFinal=882 

 

Population: 882 patients with moderate to severe TBI 
(73.7% men). Experimental group (n=442); median 
age=36yr; injury severity= 29.2% moderate, 52.9% 
moderate-to-severe, 17.9% severe. Control group 
(n=440); median age=34yr; injury severity= 28.4% 
moderate, 54.1% moderate-to-severe, 17.5% severe.  
Intervention: 0.05 mg/kg/mL of intravenous 
progesterone was infused continuously over 96 hours 
(1 hour loading dose, 14.53mL/hr; 71-hour 
maintenance dose, 10mL/hr; 8-hour taper, reducing 
dose by 2.5mL per hour); control subjects received a 
matched appearance placebo. Participants received 
treatment within 4 hours of admission.  
Outcome Measures: Glasgow Outcome Scale-Extended 
(GOS-E) at 6mos; secondary outcomes were mortality, 
Disability Rating Scale score, and safety data.   

1. Trial was stopped early due to lack of 
benefit (882 of planned 1140 participants) 

2. Early administration of progesterone did not 
improve functional outcomes (Glasgow 
Outcome Scale) at 6mos. 

3. There was no significant difference in 
mortality between the progesterone and 
placebo groups. 

4. There was no significant difference in 
Disability Rating Scale scores at 6mos. 

5. Progesterone was not associated with 
greater frequency of safety or adverse 
events. 

https://www.ncbi.nlm.nih.gov/pubmed/27819489
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4303469/
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Discussion 
In one single-centre RCT, progesterone treatment did not appear to improve functionality short-term 

(<3 mo); however, at 6mo follow-up, patients had significantly higher Glasgow Outcome Scale Extended 

(GOS-E) and Functional Independence Measure scores (Soltani et al., 2017). Furthermore, the control 

group experienced significantly higher mortality than the progesterone group. In contrast to these 

results, a multicentre randomized controlled trial by Wright et al. (2014) did not demonstrate benefit for 

functional outcomes (as measured by the GOS-E) or for mortality or disability rating scale scores for 

progesterone treatment for persons with moderate to severe TBI. This is in keeping with a systematic 

review of 5 studies which concluded that there are no sure benefits to progesterone administration 

compared to placebo (Ma et al., 2016).  Authors consistently found no difference between disability or 

mortality between groups.  

Conclusions 
There is conflicting level 1a evidence (from one multicentre randomized controlled trial (Wright et al., 

2014) and one single centre randomized controlled trial; Soltani et al., 2017) that progesterone treatment 

does not improve long-term outcome and functionality. 

 

 

 

 

Management of Hypogonadism in Women  
The management of hypogonadism due to ABI in women has not been thoroughly evaluated. In general, 

premenopausal women who have central hypogonadism can receive estrogen and progesterone 

supplementation if they have an intact uterus, or estrogen supplementation alone if they have had a 

hysterectomy, provided there are no other contraindications (Tritos et al., 2015). In perimenopausal and 

menopausal women, hormone replacement therapy may be appropriate for symptom management on 

an individualized basis. However, long-term treatment is not recommended due to the negative benefit-

risk ratio (Auernhammer & Vlotides, 2007). Other treatments for women may include the administration 

of daily dehydroepiandrosterone or testosterone. Although some success has been found using these 

treatments, none have been studied within the ABI population.  

Hyperprolactinemia and Hypoprolactinemia  
The rate of post-ABI hyperprolactinemia varies widely across studies, ranging from 5% to 50%(Agha, 

Phillips, et al., 2005; Aimaretti et al., 2005; Bondanelli et al., 2004; Kleindienst et al., 2009; Klose et al., 

2007; Kopczak et al., 2014; Lieberman et al., 2001; Moreau et al., 2012; Olivecrona et al., 2013; Schneider 

et al., 2006; Tanriverdi et al., 2007). It is important to note, however, that the rate of post-injury 

KEY POINT 

- Acute progesterone supplementation may not be effective in improving long-term outcomes in 
persons with TBI.  

-  
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hyperprolactinemia may be lower if patients receiving hyperprolactinemia-inducing drugs are excluded 

from the analysis (Kopczak et al., 2014; Lieberman et al., 2001; Schneider et al., 2006). 

Hyperprolactinemia has been shown to be present in more than half of patients with ABI in the early 

acute phase and it is believed that approximately 30% of patients show symptoms (Bondanelli et al., 

2005). Kilimann et al. (2007) found men had higher levels of PRL than women and more men were found 

to have hyperprolactinemia than women. Although hyperprolactinemia can result from disruption of the 

pituitary stalk whereby inhibitory signals from the hypothalamus fail to reach the PRL-secreting cells in 

the anterior lobe of the pituitary gland, it should be noted studies in which hyperprolactinemia was 

found report that all patients with hyperprolactinemia also had an infection, were hypoglycemic, or were 

on medications known to increase PRL levels (such as dopamine antagonists, GABA agonists, opiates or 

central catecholamine depletors). Post-injury hyperprolactinemia may persist up to 12 months post 

injury (Agha, Phillips, et al., 2005; Ghigo et al., 2005; Kleindienst et al., 2009; Schneider et al., 2006). 

However, it is difficult to predict whether individuals sustaining ABI will develop hyperprolactinemia. 

Agha et al. (2005; 2004) reported that post-injury hyperprolactinemia was not associated with factors 

such as age, sex, or GCS score (Agha, Phillips, et al., 2005; Agha et al., 2004); although a later study 

reported that GCS scores were negatively correlated to post-injury PRL levels (Tanriverdi et al., 2007). 

Given the apparent lack of association with negative outcomes, hyperprolactinemia may not be a 

significant deterrent to patient recovery (Olivecrona et al., 2013). 

 

Data regarding hypoprolactinemia is very sparse. Based on a limited number of studies, the rate of post-

ABI hypoprolactinemia ranged from <1% to 8% (Bondanelli et al., 2004). Similar to hyperprolactinemia, 

hypoprolactinemia may not be a significant factor in patient recovery.  

Adrenocorticotropic Hormone (ACTH) Deficiency  

 ACTH secretion has a natural diurnal variation and 

increases with stress, physical activity, and chronic 

disease. ACTH-regulated cortisol release is 

imperative for stress responses and impaired 

ACTH release and resulting hypoadrenalism can be 

life-threatening. ACTH deficiency in the acute 

phase post-injury is associated with higher 

mortality (Hannon et al., 2013). Findings from 

multiple studies suggest that ACTH (or cortisol) 

deficiency within 1 week of injury can vary 

considerably in rate, ranging from 8.8% to 78% (Hannon et al., 2013; Olivecrona et al., 2013). Several 

studies concluded that greater injury severity is an important predictor of ACTH deficiency (Agha, 

Phillips, et al., 2005; Kleindienst et al., 2009; Tanriverdi et al., 2013; Tanriverdi et al., 2007). Other 

Clinical Presentation of Adrenocorticotropic 
Hormone Deficiency  

- Fatigue, weakness, anorexia, nausea, 
vomiting  

- Hair loss  
- Low blood pressure  
- Hypoglycemia  
- Absence of hyperpigmentation  
- Poor quality of life  
- If acute, may be life-threatening  
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reported risk factors for ACTH deficiency and hypoadrenalism include older age, basal skull fractures, 

and lack of cranial vault fracture (Schneider et al., 2008).  

 

Individuals living with ABI may continue to demonstrate post-injury ACTH deficiency for up to 12 months 

(Ghigo et al., 2005) and beyond (Kleindienst et al., 2009; Tanriverdi et al., 2013). This may be problematic 

for recovery, as post-injury ACTH deficiency has been shown to be associated with poorer cognitive and 

physical outcomes (Moreau et al., 2012), as well as with other anterior pituitary disturbances such as 

hyperprolactinemia, low testosterone, and low tT3 and fT4 (Kleindienst et al., 2009), and higher mortality 

(Hannon et al., 2013).  

 

Although there are many established and effective treatments for ACTH deficiency and hypoadrenalism, 

none have specifically been studied in the post ABI population. In the absence of ABI-specific evidence, 

prompt administration of glucocorticoid supplementation is recommended by expert consensus (Tritos 

et al., 2015).  

Thyroid-Stimulating Hormone (TSH) Deficiency  

TSH deficiency appears to be less common than other hormonal deficiencies post ABI (Schneider, 

Aimaretti, et al., 2007). Multiple studies found that post-ABI TSH deficiency is uncommon, with very few 

individuals displaying symptoms at or greater than 6 months post injury (Agha, Phillips, et al., 2005; Agha 

et al., 2004; Bondanelli et al., 2007; Kelly et al., 2000; Klose et al., 2007). Risk factors for TSH deficiency 

vary across studies. Kleindienst et al. (2009) found that more severe injuries were associated with greater 

incidence of low TSH and fT4 levels; this association was also reported by Cernak et al. (1999), who  found 

that TSH deficiency was more common in individuals with severe TBI than those with mild TBI in the first 

7 days post-injury. In contrast, Tanriverdi et al. (2007) reported that no significant differences in mean 

TSH levels were found among individuals with mild, moderate, and severe injuries. The discrepancy 

across studies indicates that there is still considerable uncertainty regarding the epidemiology of TSH 

deficiency post ABI (Moreau et al., 2012). 

 

Reduced thyroid function may lead to a decrease in an individual’s basal metabolic rate and cognitive 

function, and an increase in fatigue (Elovic, 2003). In children, TSH deficiencies may lead to growth 

retardation (Alexopoulou et al., 2004). The signs and symptoms of TSH deficiency may not present until 

much later in the recovery period (Schneider, Aimaretti, et al., 2007). Signs and symptoms of TSH 

deficiency overlap with other hormone deficiencies and with the neuropsychiatric sequelae of ABI; 

diagnosis with laboratory testing is important. Untreated hypothyroidism, if present, is undesirable from 

a recovery standpoint, studies have shown a trend toward poorer cognitive outcomes in these 

individuals (Moreau et al., 2012; Zetterling et al., 2013). The treatment of TSH deficiency is replacement 

of thyroid hormones with levothyroxine (Yamada & Mori, 2008). 
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Conclusion 
The prevalence of neuroendocrine dysfunction varies considerably among studies. The reasons for this 

are multifactorial, and may reflect the variability in timing of assessments, lack of established diagnostic 

criteria, or other provider- or patient-specific factors. Neuroendocrine disorders often result in a variety 

of symptoms including hypotension, hypertension, cognitive dysfunction, temperature lability, appetite 

disturbances, decreased muscle mass, sleep disturbances, hair loss, decreased libido, and disorders of 

fluid regulation (Sirois, 2009). In the acute phase, healthcare providers for persons with ABI should be 

vigilant for the identification and treatment of DI and ACTH deficiency.  Testing should be conducted 

while the patient is in acute care for ACTH and ADH deficiencies; in the subacute to chronic period, such 

as at 3 to 6 months post-injury, providers should consider testing for all of the anterior and posterior 

pituitary hormones. Failure to identify neuroendocrine dysfunction could impact an individual’s recovery 

process and their overall quality of life. Overall, the current state of research-based evidence for post 

ABI neuroendocrine dysfunction is lacking. There needs to be a specific focus in research to determine 

the potential interventions available to and beneficial for ABI populations.  
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