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Ágrip 

Inngangur: Rannsóknir hafa sýnt að vanstarfsemi heiladinguls eftir höfuðáverka (HÁ) og 

innanskúmsblæðingar (IB) er algeng. Markmið þessarar rannsóknar var annars vegar að kanna 

algengi og þróun slíkrar vanstarfsemi eftir HÁ og IB á framsýnan hátt í íslensku þýði og hins vegar að 

kanna mögulega forspárþætti.   

Efni og aðferðir: Rannsóknin var 12 mánaða framsýn rannsókn þar sem starfsemi heiladinguls var 

metin 3 og 12 mánuðum eftir höfuðáverka. Alls tóku 27 sjúklingar þátt í rannsókninnni, 15 sjúklingar 

með miðlungs- (n=6) og alvarlega (n=9) HÁ (11 karlmenn, 4 konur, meðalaldur 41 ár) og 12 með IB (6 

karlmenn, 6 konur, meðalaldur 51 ár). Tólf sjúklinganna með HÁ samþykktu þátttöku 3 mánuðum eftir 

áverka og fjórtán 12 mánuðum eftir áverka. Tólf sjúklingar samþykktu þátttöku 3 mánuðum eftir IB og 

11 sjúklingar 12 mánuðum eftir IB. Hormónamælingar og örvunarpróf voru framkvæmd. Ef frábending 

var ekki til staðar var notað insúlínþolpróf, annars voru notuð GHRH-Arginine próf og Synachten próf. 

Niðurstöður: Við mat 3 mánuðum eftir HÁ/IB voru 16,7% (2 af 12) af sjúklingunum með 

vanstarfsemi heiladinguls eftir HÁ og 33,3% (4 af 12) eftir IB. Endurmat eftir 12 mánuði sýndi fram á 

vanstarfsemi hjá 21,4% (3 af 14) eftir HÁ og hjá 9,1% (1 af 11) eftir IB. Sex sjúklingar sem greindust 

með vanstarfsemi við 3 mánuði sýndu bata við endurmatið, 4 þeirra höfðu engin merki um skort og 2  

sjúklingar sem höfðu haft röskun á 2 öxlum við 3 mánuði voru með einangraðan hormónaskort við 12 

mánuði. Algengasti hormónaskorturinn var kynhormónaskortur við 3 mánuði og vaxtarhormóna- og 

kynhormónaskortur við 12 mánuði. Samanburður á hormónamælingum við 3 og 12 mánuði leiddi í ljós 

marktækan mun á kortisól gildi í blóði. Ekki reyndist marktækur munur á BMI, aldri, GCS, GOS, mRS 

eða QoL milli sjúklinga með og án vanstarfsemi.  

Ályktanir: HÁ og IB geta leitt til vanstarfsemi heiladinguls. Vaxtarhormóna- og kynhormónaskortur 

reyndust vera algengastu hormónaraskanirnar eftir HÁ/IB. Sjúklingar sem hlotið hafa HÁ eða IB ættu 

því að gangast undir mat á starfsemi heiladinguls. Slíkt mat ætti í fyrsta lagi að fara fram 12 mánuðum 

eftir HÁ/IB þar sem hluti þeirra sjúklinga sem greinast með vanstarfsemi ná bata síðar. Hins vegar 

gæti verið þörf á klínísku mati fyrr þar sem afstaða væri tekin til rannsókna á heiladingulsstarfsemi. 

Frekari rannsókna er þörf hvað varðar forspárþætti og til að varpa betra ljósi á þróun vanstarfsemi 

heiladinguls eftir HÁ/IB.  
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Abstract 

Introduction: High prevalence of hypopituitarism (HP) has been reported after traumatic brain 

injury (TBI) and subarachnoid hemorrhage (SAH). The objective of this study was to prospectively 

evaluate the prevalence and progression of HP in patients after TBI and SAH in an Icelandic 

population. Furthermore, to identify potential predictive factors.  

Materials and methods: The study was a 12 month prospective single-center study where the 

pituitary function was assessed 3 and 12 months after TBI/SAH. A total of 27 patients were included, 

15 patients with moderate (n=6) or severe (n=9) TBI (11 men, 4 women, mean age 41 years) and 12 

patients with SAH (6 men, 6 women, mean age 51 years). Of the TBI patients, 12 and 14 were 

included at 3 and 12 months respectively. After SAH, 12 and 11 patients were included at 3 and 12 

months after the event respectively. Pituitary function was evaluated with baseline hormone 

measurements and diagnostic tests. The insulin tolerance test was used unless contraindicated, then 

GHRH-Arginine test and Synachten test were used.  

Results: At the 3-month assessment 16.7% (2 out of 12) of the patients had impaired pituitary 

function after TBI and 33.3% (4 out of 12) after SAH. The reevaluation at 12 months showed 

impairment of pituitary function in 21.4% (3 out of 14) of patients after HP and in 9.1% (1 out of 11) 

after SAH. Six patients had improved at retesting, 4 had a total recovery and 2 patients with 2 axes 

affected at 3 months only showed isolated hormone deficiency at 12 months. The most common 

deficiency was gonadotropin deficiency at 3 months and growth hormone and gonadotropin deficiency 

at 12 months. Comparison of hormone concentrations between 3 and 12 months showed a statistically 

significant difference in baseline cortisol in TBI patients. There was no statistically significant 

difference in BMI, age, GCS, GOS, mRS or QoL between patients with and without impairment of 

pituitary function.  

Conclusion: Hypopituitarism can occur following TBI and SAH. The most commonly affected axes 

at 12 months after TBI/SAH were the gonadotrophic and somatotrophic axes. Neuroendocrine 

evaluation is therefore justified in patients after TBI and SAH. Since recovery commonly occurs, 

evaluation should be performed no earlier than 12 months after the event. However, clinical 

assessment might be indicated earlier to evaluate the need for neuroendocrine screening. Further 

reasearch is still needed to identify predictive factors and clarify the natural history of HP after 

TBI/SAH.  
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1 Introduction 

Traumatic brain injury (TBI) is a leading cause of disability and death worldwide (1, 2). Similarly, 

aneurysmal subarachnoid hemorrhage (SAH) is a cause of disability and mortality (3, 4). 

Hypopituitarism (HP) has been considered a rare complication of TBI and SAH. However, recent 

studies have suggested that HP following TBI and SAH is more common than previously assumed, 

found in up to 90% of patients tested (5-41). This has led different expert panels to publish guidelines 

for the screening and treatment of HP after TBI and SAH (42-44). The symptoms and signs of 

hypopituitarism are often subtle (45) and difficult to differentiate from the sequelae of TBI and SAH 

(46). Untreated hypopituitarism can lead to serious morbidity, decreased quality of life and increased 

mortality (45, 47-52). Timely diagnosis and treatment of HP is therefore of great importance. The 

reported prevalence of HP following TBI and SAH has varied considerably between the different 

studies, ranging from 0.9% to 90% after TBI (5-12, 14, 16-18, 20, 22-29, 35-41, 53) and from 0% to 

55% after SAH (6, 13, 15, 19, 21, 30, 31, 33, 34, 39, 54). The prevalence has not previously been 

evaluated in an Icelandic population. Iceland is an island in the North-Atlantic with about 319 000 

inhabitants. There is only one university hospital in Iceland, Landspitali University Hospital (LUH) 

housing the only neurosurgery department in the country. Therefore the results of a study, in which the 

prevalence of HP following TBI and SAH in patients admitted to LUH is assessed, might be a good 

estimate of the prevalence of hypopituitarism after such events on a national level. We performed a 

study in Iceland where pituitary function was assessed prospectively in TBI and SAH patients 3 and 12 

months post the event. µ 

1.1 Epidemiology of TBI  

TBI is an insult to the brain from an external source, resulting in transient or permanent 

neurological dysfunction (55). TBI is a major public health problem and a leading cause of disability 

and death worldwide, especially in young individuals in industrialized countries (1, 2, 56). About one-

third of injury-related deaths are related to TBI (57).  

1.1.1 Severity of TBI 

TBI is often categorized according to clinical severity, the Glasgow Coma Scale (GCS) being most 

commonly used for that purpose worldwide. Points are given for eye-opening (1-4), verbal response 

(1-5) and motor response (1-6). Severity is defined as: mild injury score of >13, moderate 9 to 13 and 

severe injury <8 (table 1) (58).   



  

17 

Table 1. The Glasgow Coma Scale. 

Test 1 2 3 4 5 6 

Eyes Does not 

open eyes 

Opens eyes in 

response 

to painful stimuli 

Opens eyes in 

response to voice 

Opens eyes 

spontaneously 

N/A N/A 

Verbal Makes no 

sounds 

Incomprehensible 

sounds 

Utters 

inappropriate 

words 

Confused, 

disoriented 

Oriented, 

converses 

normally 

N/A 

Motor Makes no 

movements 

Extension to 

painful stimuli 

(decerebrate 

response) 

Abnormal flexion 

to painful stimuli 

(decorticate 

response) 

Flexion / 

Withdrawal to 

painful stimuli 

Localizes 

painful 

stimuli 

Obeys 

commands 

N/A = not applicable 

 

1.1.2 Incidence of TBI 

 A systematic review of brain injury in Europe in the years 1980 to 2003 shows an aggregate 

incidence rate of TBI (fatal and hospitalized) of approximately 235 per 100 000 and an average 

mortality rate of 15 per 100 000, although there is substantial variation between European countries 

(59). During the years 2002 to 2006, an estimated 1.7 million patients sustained TBI every year in the 

USA; nearly 80% of those were treated and discharged from emergency departments, 275 000 were 

admitted to hospital and 52 000 died (60). The Danish annual incidence of hospitalized patients with 

TBI was 157 per 100 000 in the years 1979 to 1993 (61). A retrospective study in Iceland assessed all 

emergency visits to LUH, Iceland’s largest hospital, due to head injuries in the years 2000 to 2005 and 

2008 to 2009. During the study period, a total of 35 031 patients presented to the hospital with head 

injuries. The annual incidence for admitted head injury patients decreased during the study period, 

from 181 per 100 000 to 110 per 100 000 (62). Another Icelandic study retrospectively assessed the 

incidence of severe TBI admitted to the Intensive Care Unit (ICU) at LUH in the years 1994 to 1998. It 

showed a total of 236 patients admitted during this period, with an average of 47 patients per year. All 

patients in Iceland who sustain a severe head injury are admitted and treated at the ICU at LUH and 

therefore the estimated incidence was 17 per 100 000 (63). The above mentioned studies probably 

underestimate the true incidence of TBI since they are based on the number of patients that are 

hospitalized or die before arriving at the hospital. It has been suggested that a significant proportion of 

TBI patients who sustain mild injury never seek health care (64, 65).  

1.1.3 Mortality rate for TBI 

Research has shown that mortality rate and hospitalization resulting from TBI are decreasing. 

Between 1997 and 2007, the mortality rate for TBI was 18.4 per 100 000 population in USA. During 

the same period the annual mortality rate decreased by 59.4% for patients who died on arrival and by 

21.7% for patients seen in emergency departments and other outpatient facilities in the USA (56). A 
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Danish study demonstrated a decrease in mortality secondary to TBI in the years 1979 to 1996 by 

27% (from 14.68 to 10.67 per 100 000) (61). It has been suggested that this decrease is at least partly 

due to improved quality and availability of TBI treatment as well as improved prevention and safety 

programs (61, 66, 67). The mortality rate of TBI in the Icelandic study mentioned above was 11.4% 

(63). 

1.1.4 Risk factors for TBI 

TBI incidence is most prevalent in the 15-35 age range and the risk is significantly higher for males 

than females, TBI being more than twice as common in males (55, 67-69). This gender difference is 

believed to be due to a higher incidence of risk-taking behaviour among young males (70). Other age 

groups that are particularly at risk are children under five and older individuals (60, 67, 71). Although 

TBI is most common in young people, older TBI patients (>75 years) have the highest rate of TBI 

hospitalization and death, in particular those who are over 85 years of age (56, 60, 72) Alcohol 

consumption is associated with about half of all cases of TBI, by the person sustaining and/or causing 

the injury (67). 

1.1.5 Causes of TBI 

According to a report produced by the Center for Disease Control and Prevention in the USA, the 

leading causes of TBI in the years 1999 to 2007 were falls, motor-vehicle related injuries, “to be struck 

by or against events” (colliding with a moving or stationary object) and assaults (60). The most 

common causes of TBI related deaths are, respectively, firearms, motor vehicles and falls (56). Motor-

vehicle-related trauma is the most common cause in Australia, accounting for about 2/3 of moderate 

and severe TBI, followed by falls and assaults (55). 

1.1.6 Sequelae of TBI 

TBI commonly results in long-term disability, cognitive and physical impairment that reduces quality 

of life and can cause emotional and social problems for the patients (67, 73-78). It is estimated that 

3.17 to 5.3 million of the North-American population (1.1%-1.7% of the total population) are living with 

a long-term disability related to TBI (79, 80). Depression is common and patients are at an increased 

risk of suicide (81, 82). Furthermore, TBI is associated with substantial economic costs for society (67, 

83, 84); it has been estimated that the annual cost of medical care for new TBI cases in the USA is 9 

to 10 billion US dollars (67). 

1.2 Epidemiology of SAH 

A non-traumatic SAH is a bleeding into the subarachnoid space and comprises about 2-9% of all 

strokes (85). A spontaneous rupture of a saccular aneurysm at the base of the brain is the most 

common cause of non-traumatic SAH, accounting for approximately 80-85% of all cases. In the 

remaining patients, no aneurysm is found. In about two thirds of these, an idiopathic 

perimesencephalic hemorrhage is the cause, a condition consisting of a benign non-aneurysmal form 

of SAH. This condition is likely venous in origin and carries a good prognosis (3, 86, 87). Saccular 

aneurysms are most often located in the circle of Willis and its branches (3) (figure 1).  
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1.2.1 Symptoms and diagnosis of SAH 

Aneurysmal SAH typically presents with a severe headache of a sudden onset. Loss of 

consciousness occurs in about one fourth to almost half of the patients and transient focal symptoms 

in one third. Vomiting is present in more than two thirds of patients (88, 89). SAH is most commonly 

diagnosed with CT scanning. However aneurysmal bleeding can not be excluded if the CT is negative, 

as the scan can be negative in up to 2% of patients with SAH (90). Delayed lumbar punction and 

detection of blood degradation products in the cerebrospinal fluid are used for exclusion if the CT scan 

is negative. A 12 hours delay from the onset of symptoms is needed to detect xanthochromia (due to 

red cell breakdown detected by spectrophotometry) from a traumatic tap (87, 91). The golden 

standard for locating an aneurysm is conventional angiography, but since this is time-consuming and 

not risk-free, it has gradually been replaced by CT angiography (3, 91). Other imaging techniques that 

can be used for diagnosing and locating the aneurysm are magnetic resonance imaging (MRI) and 

three-dimensional digital-subtraction cerebral angiography (91). 

1.2.2 Severity of SAH 

Several grading scales have been used to classify the severity of SAH based on patients’ clinical 

condition. The Hunt and Hess scale is a common grading system used worldwide. Patients are given 

points from 0 to 5; 0 equals asymptomatic, mild headache, slight nuchal rigidity and 5 equals coma, 

decerebrate posturing (92). Another commonly used scale is the Fischer scale which is used to assess 

the amount of bleeding on a CT scan in proven aneurysmal SAH. Patients are given a grade from 1 to 

4; 1 being no subarachnoid, blood detected and 4 being intracerebral or intraventricular clot with 

diffuse or no SAH (93). The World Federation of Neurological Surgeons (WFNS) scale has also been 

used. It includes five grades and is based on the GCS and the presence of focal motor deficit (94). 

Although originally developed for classification of trauma GCS has also been used for the grading of 

SAH (95).  

1.2.3 Incidence of SAH 

The incidence of SAH has remained rather stable since 1960 but varies between regions. A meta-

analysis by Linn et al, including 18 prospective population-based studies, demonstrates a pooled 

incidence of 10.5 per 100 000 person-years. Included in the analysis were three Finnish studies that 

showed markedly higher incidence (2.7 times higher) than other studies in the analysis. The pooled 

incidence of the Finnish studies was 21.4 per 100 000 person-years, but 7.9 per 100 000 person-years 

in the other 15 studies included in the analysis (96). Japan also has a high incidence of SAH. A 

Japanese study by Inagawa et al showed an annual incidence of 23 per 100 000 over two study 

periods, 1980-89 and 1990-1998 (97). Likewise, the incidence is high in northern Sweden, with an age 

adjusted annual incidence of 13.3 and 24.4 per 100 000 for men and women respectively (98). Only 

one study has assessed the total incidence of SAH in Iceland. The incidence was estimated over an 

11 year period (from 1958 through 1968) and was demonstrated to be 8.0 per 100 000 annually (99). 

In a recent Icelandic study the incidence of a first stroke was found to be 144 per 100 000 person-

years, whereof 7% were SAH (100). The incidence of SAH has been shown to be higher in females 

than in males (96, 98, 101-103) with women at around 1.6 times higher risk than men (96). There is 
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also a racial difference, black having an around two times higher risk than white (104, 105). SAH 

occurs at an earlier age than other types of stroke, peaking in the sixth decade (91, 102).  

1.2.4 Mortality rate for SAH 

SAH is the most deadly form of stroke and the mortality rate remains high despite advances in 

treatment (106). Approximately 3-15% of patients die before they are admitted to hospital (102, 107). 

A review of population-based studies from 1960 to 1992 showed a case-fatality range from 32 to 67% 

and a not statistically significant decrease of the fatality rate by 15% during the study period (4). A 

Japanese study reported a mortality rate of 9 per 100 000 population in the years 1980-89 and of 8 

per 100 000 in the years 1990-1998. During the total period, 37% of the patients died during the first 3 

months post SAH. Furthermore, the study showed that the mortality rate was highest among elderly 

patients (>80 years) (97). Death after SAH is most often due to the initial hemorrhage or rebleeding 

(108) and most often occurs in the first 48 hours (101). Some studies have shown a decline in 

mortality after SAH, possibly because of improvements in management (4, 98). Amongst survivors 

after SAH, disability that leads to loss of independence occurs in approximately 10-20% (4). Disability 

can be in form of a deficit in verbal memory and/or motor functioning and visual spatial functioning 

(109). Only half of those who survive are completely free of disability and return to their previous 

lifestyle after SAH (101).  

1.2.5 Risk factors for SAH 

 Family history of stroke is a known risk factor for SAH (110, 111) but modifiable lifestyle factors are 

believed to attribute in most cases of SAH. Hypertension, heavy alcohol consumption, cocaine use 

and cigarette smoking are all well-known risk factors for SAH (103, 105, 110, 112-117). Low body 

mass index (BMI) has been shown to be a risk factor in some studies (110, 117, 118), but a systematic 

review found this inconsistent (105). Some studies have demonstrated oral contraceptives to be a risk 

factor (119-121) but other have not supported these findings (103, 113, 122). Heritable connective-

tissue diseases including Ehlers-Danlos syndrome (type IV), polycystic kidney disease, fibromuscular 

dysplasia and pseudoxanthoma elasticum have been associated with the presence of intracranial 

aneurysm and SAH (123). Table 2 shows factors that may confer increased risk of SAH. The results of 

a longitudinal study indicate that physical activity might be a protective factor (124). Risk factors for a 

fatal SAH are consumption of salty food, history of high blood pressure, family history of stroke, 

cigarette smoking, heavy alcohol consumption, low BMI and history of blood transfusion (112). For 

women, high mental stress is also a risk factor for fatal SAH (125). Factors associated with poor 

outcome are the amount of subarachnoid and intraventricular blood on CT, the patient’s level of 

consciousness on admission and treatment with anticoagulants (126, 127). High GCS score on 

admission, young age and absence of blood on the first CT have been shown to be predictors of good 

recovery (102). 
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Table 2. Factors that may confer increased risk of subarachnoid hemorrhage. 

 

1.2.6 Treatment of SAH 

Treatment consists of prevention of rebleeding, prevention of cerebral ischemia and treatment of 

complications (3). Rebleeding occurs in up to 15% of patients within the first hours (128). 

Antifibrinolytic treatment decreases the risk of rebleeding but does not affect outcome (129). The two 

main approaches to repairing an aneurysm are surgical clipping and endovascular coiling. 

Endovascular coiling has been shown to lead to an improved outcome compared to surgical clipping. 

(130, 131). Nimodipine, a calcium channel blocker, has been used to prevent secondary ischemia and 

has been shown to improve outcome (132). 

 

Figure 1. The Circle of Willis (Source: Netterimages. Image by Netter F.H.). 

 

Risk factors  Potential risk factors  

Family history Low BMI 

Heritable connective-tissue diseases Oral contraceptives 

Hypertension  

Heavy alcohol consumption  

Cigarette smoking  

BMI = body mass index (kg/m2)  
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1.3 Pathophysiology of HP after TBI and SAH 

The pituitary gland is situated in the bony sella turcica in the skull base and is covered by the 

diagphragma sellae. It is connected to the hypothalamus by the infundibulum. The gland is divided into 

an anterior part and a posterior part (133). The hormones produced by the pituitary and their effects 

are shown in table 3 (134). The secretion is regulated by negative feedback of their peripheral 

hormones and hypothalamic inhibiting and releasing hormones (135, 136). The long hypophyseal 

portal vessels that lie in the infundibulum provide the anterior pituitary gland with 70-90% of its blood 

supply. They arise from branches of the internal carotid artery and anterior Circle of Willis. The short 

hypophyseal portal vessels that arise from the branches of the intracavernous internal carotid artery 

supply the anterior pituitary gland with less than 30% of it blood supply, mostly the medial portion of 

the gland (137) (figure 2).  

The pathophysiology of HP after TBI/SAH is not well understood. Various studies have shown that 

multiple factors might be involved. The primary injury is believed to be one of those factors. The 

anatomical position of the gland within the bony sella with the overlying diaphragma sella might make 

it susceptible to mechanical trauma. Rotational and shearing injuries of the brainstem and fractures of 

the skull base and sella turcica may directly damage the pituitary, infundibulum or hypothalamus. 

Following this, hemorrhages may affect pituitary function (138). 

 Secondary trauma may also affect the pituitary gland, for example hypotension, hypoxia, swelling 

and anemia. The long portal vessels and the infundibulum are believed to be vulnerable to trauma, low 

cerebral blood flow and brain swelling because they arise within the subarachnoid space and pass 

through the diaphragma sellae (137, 138). This has been supported by various studies. Hypothalamic-

pituitary lesions after fatal head injury have been described in post mortem studies dating back several 

decades (139-141). In an autopsy study Harper et al investigated 100 patients who died as a result of 

non-missile head injury. They observed anterior lobe infarction in 38% of the patients and that all the 

patients with a medium or large infarct had a raised intracranial pressure at some point. This suggests 

that a raised intracranial pressure may play a role in the mechanism of anterior pituitary infarction. 

Furthermore, they reported that 83% of the patients with large or medium sized infarcts had a midline 

shift, suggesting that a lateral displacement of the hypothalamus could also have a role in the 

pathogenesis (142). In a more recent study by Salehi et al the histological pattern in the pituitary in 42 

individuals who died in motor vehicle accidents was investigated. They found no infarction in the 

pituitary in the patients who died immediately after the accident, but 43% of the patients who survived 

from 3 hours to 7 days had infarcts in the pituitary (143). Supporting the fact that HP after TBI and 

SAH is at least in part vascular in origin is the pattern of hormonal loss. Various studies have shown 

that the somatotrophic and gonadotrophic axis are the axes most commonly affected (6-12, 18, 20) 

and thyrotropin and ACTH deficiency are less common (6, 8, 10-12, 18, 20, 22). Somatotroph cells are 

primarily located in the lateral wings of the anterior pituitary and the gonadotroph cells are scattered 

throughout the pars distalis and pars tuberalis of the anterior pituitary, areas vascularized by the long 

hypophyseal vessels that are susceptible to trauma. The thyrotroph and corticotroph cells are found in 

areas that are supplied by the less susceptible short hypophyseal vessels (138). Studies have 

demonstrated pathological changes post TBI on MRI consistent with vascular injury. The pituitary 
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gland has been shown to be significantly enlarged in TBI patients in the acute phase compared to 

controls and show other changes like hemorrhage, hemorrhagic infarction, signal abnormalities, 

swelling and partial transection of the infundibular stalk (144). In the chronic phase, loss of volume or 

empty sella have been shown as well as signal inhomogeneities, perfusion deficit and lack of 

neurohypophyseal signal (145).  

Tanriverdi et al measured antipituitary antibodies in 29 TBI patients 3 years after the injury and in 

60 sex- and age-matched controls. Antibodies were present in 44.9% of the TBI patients but none of 

the controls. Patients with antibodies had significantly more often HP than those without antibodies. 

This suggests that autoimmunity may contribute to the development of HP in these patients (146). 

Table 3. The hormones secreted by the pituitary. 

 

 It has also been suggested that trauma-related neuroinflammation might play a role (147). 

Tanriverdi et al reported that apolipoprotein E polymorphism is associated with the development of HP 

after TBI and that APO-E3/E3 genotype decreases the risk of pituitary insufficiency. APO-E is an 

apolipoprotein within the central nervous system and it is up-regulated after injury. The authors 

speculate that individual variation in APO-E related mechanism may influence the pathogenesis of 

Anterior pituitary (adenohypophysis) 

Axis  Hormone Target organ Effect 

Somatotrophic Growth hormone (GH) Liver and adipose tissue Stimulation of growth 

and metabolism of 

carbohydrates and 

lipids 

Thyrotrophic Thyroid stimulating 

hormone (TSH) 

Thyroid gland Secretion of thyroid 

hormones  

Gonadotrophic Follicle stimulating 

hormone (FSH) 

Testes and ovaries  Regulates reproductive 

function 

 Luteinizing hormone (LH) Testes and ovaries Production of sex 

hormones  

Corticotrophic Adrenocorticotrophic 

hormone (ACTH) 

Adrenal gland  Secretion of 

glucocorticoids 

Lactotrophic Prolactin (PRL) Mammary glands Production of milk 

Posterior pituitary (neurohypophysis) 

Hormone Target organ Effect 

Oxytocin Mammary glands and uterus Lactation and uterine contractions 

Antidiuretic hormone (ADH) Kidneys and arterioles Water retention and increased 

blood pressure 
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post-traumatic HP (148). Various factors that may play a role in the pathogenesis of HP after TBI are 

shown in table 4.  

Table 4. Factors that may play a role in the pathogenesis of hypopituitarism following traumatic brain 
injury.  

Primary injury Secondary injury 

Pituitary Hypotension 

Infundibulum Hypoxia 

Hypothalamus Vascular injury 

 Swelling 

 Anemia 

 Increased intracranial pressure 

 Midline shift (Hypothalamic damage) 

Autoimmunity  

Neuroinflammation  

 

Little data exists about the pathophysiology of HP after SAH. In 1971, Rap et al described 

hemorrhages of the pituitary in a case report in the Polish Medical Journal (as cited in (46), page 

1435). A study of hypothalamic lesions after SAH showed ischemic necrosis, macro- and 

microhemorrhages in 68% of the 102 patients (149). Therefore hypothalamic damage seems to play a 

role in HP following SAH   

 

 

Figure 2. Vasculature of the pituitary gland (Source: Medscape. Image by Foulad A.) 
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1.4 Prevalence of HP after TBI and SAH 

1.4.1 Prevalence of HP after TBI 

Although TBI has been a known cause of HP for almost a century it was conventionally considered 

a rare cause. The first study on post traumatic HP was published in 1918 (150). Subseuqently other 

case reports and reviews have shown that TBI can lead to pituitary failure (151-153). 

In 2000 Benvenga et al published a review of 367 case reports of post traumatic HP from the years 

1970 to 1998 (154). Since then, several studies have been published. Kelly et al were the first to 

publish a systematic study on the prevalence of HP after TBI and SAH. They assessed 22 patients 

who had sustained a severe or moderate head injury and 2 SAH patients at a medium of 26 months 

after the event. Eight of the TBI patients had subnormal pituitary function, most commonly GHD 

(growth hormone deficiency) confirmed with an insulin tolerance test (ITT) or gonadotropin deficiency 

(11). 

Subsequently numerous cross-sectional studies were published in which the reported prevalence 

of HP after TBI varied from 15% to as high as 90% (12, 16, 20, 22-29, 32, 35-39, 41). Those studies 

have been of various sizes and used different diagnostic criteria and dynamic tests. Additionally they 

differ in their inclusion of patients regarding severity and use of confirmation tests. The most common 

deficiency in these studies was most often GHD (12, 16, 20, 25-28, 35, 36, 41), although a 

considerable disagreement exists between studies when it comes to frequency of pituitary axes 

affected. However, other studies have shown a lower prevalence of posttraumatic HP. A study 

published in 2010 by van der Eerden et al assessed the pituitary function in 107 TBI patients (majority 

with mild TBI). HP was only confirmed in one patient who had partial hypocortisolism (53). Kokshoorn 

et al also found a lower prevalence in their multicenter study of 112 TBI patients, in which HP was 

diagnosed in 5.4% of the patients (25).  

A few prospective studies have been published. Table 5 summarizes the design, characteristics 

and results of 10 prospective studies.    

In 2007 Schneider et al published a systematic review of 19 studies involving 1050 patients. The 

pooled prevalence of anterior pituitary dysfunction was found to be 27.5% (range 15% to 68%). The 

pooled prevalence was highest for patients with severe TBI, 35.3%, and 10.9% and 16.8% in 

moderate and mild TBI respectively (46). Kokshoorn et al later published a systematic review of 

studies on post-traumatic HP in which patients were assessed >1 year after the injury. The review 

included 14 studies. There was a large variation in the reported prevalence of HP between the studies 

(15% to 90%). Prevalence of GHD varied between 2% and 39%, ACTH deficiency between 0% and 

60%, TSH deficiency from 0 to 19% and hypogonadism from 0 to 29% in these studies. This 

discrepancy is most likely at least partially caused by differences in endocrine assessments and 

definitions of HP (155).  
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1.4.2 Prevalence of HP after SAH 

SAH has been considered a rarer cause of HP than TBI. Even fewer studies have been done on 

SAH patients than TBI patients. As noted above, Kelly et al published a study in 2000 in which they 

assessed 22 TBI patients and 2 SAH patients. Both of the SAH patients had GHD diagnosed with an 

ITT, 3 and a half months and 13 months after SAH. This emphasized SAH as a potential risk factor for 

HP as well as TBI (11). Following this, a few cross-sectional studies have been done in which 

prevalence of HP after SAH has been assessed. The prevalence reported in these studies has ranged 

from 15% to 55% (13, 21, 33, 156). As with the studies of HP after TBI, there is a discrepancy in the 

diagnostic criteria and tests used. In most of these studies the most frequently affected axis has been 

the somatotrophic axis (13, 33, 156).  

A few prospective studies have assessed the prevalence of HP following SAH. Table 6 shows the 

characteristics, design and results of 8 prospective studies.  

A systematic review including 5 studies with 122 SAH patients showed a pooled prevalence of 

anterior pituitary dysfunction of 47% (range 37.5% to 55.0%) amongst SAH patients. In this review 

SAH was associated with significantly higher prevalence of HP than TBI (46). 

1.5 Natural course of HP after TBI and SAH 

1.5.1 Natural course of HP after TBI 

It has been proposed that screening for HP should be performed on patients with TBI (42-44, 157). 

However the natural course of HP in those patients remains unclear; some may have transient 

hypopituitarism while in others HP may be of late-onset. Even less is understood about the natural 

course and progression of hypopituitarism following SAH.  

In a study by Aimaretti et al, SAH and TBI patients were followed for 12 months. In the TBI group 

32.8% had HP at 3 months and at 12 months some degree of HP was present in 22.7%. 

Panhypopituitarism was always confirmed but other forms of HP in only about one fourth of the 

patients. A new deficiency was diagnosed in 5.5% of patients with previously normal pituitary function 

at 12 months and 13.3% of the patients who had been diagnosed with impairment of one axis 

developed another HP (6).  

Agha et al published a study of 50 patients whose pituitary function was assessed in the acute 

phase, at 6 months and 12 months. A large proportion of the patients diagnosed with pituitary 

insufficiency in the acute phase had recovered at 6 months. Of the 27 patients with pituitary deficiency 

at 6 months, 6 had recovered at 12 months. Eight patients who had normal pituitary function in the 

acute phase developed a deficiency at 6 months but none of the patients were diagnosed with a new-

onset deficiency at 12 months (14). 

In 2008 Tanriverdi et al published a study in which 30 patients were evaluated 1 and 3 years after 

the event. Here the glucagon test was used if a GHRH-GHRP-6 test gave uncertain results. The 

patients with gonadotropin and thyrotropin deficiencies had recovered at 3 years. Of the 13 patients 

that were diagnosed with GHD at 12 months (10 with the GHRH-GHRP-6 test and 3 later with the 
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glucagon test), 7 recovered and 1 new deficiency was diagnosed. Six patients had ACTH deficiency at 

12 months but at 3 years, 5 had recovered and one new deficiency was diagnosed. All the patients 

who recovered had mild or moderate TBI. The patients who had severe TBI had persistent 

deficiencies (158). Later they published a follow-up study in which the pituitary function was assessed 

1 and 5 years after the event in 22 patients. A large proportion of the patients with HP recovered but 

HP was still present in 32% of the patients at 5 years (159).  

Schneider et al found that 56% of TBI patients had HP after 3 months and 36% had HP after 12 

months. The prevalence of impairment was lower in all affected axes at 12 months than at 3 months, 

excluding the somatotrophic axis. In some cases new deficiencies were diagnosed (8). 

Bavisetty et al studied 70 TBI patients 3 and 6-9 months after the injury. HP was present in 14/57 

patients at 3 months, 50% of those patients had recovered at 6 to 9 months. Fourteen percent of the 

sufficient patients at 3 months developed a new deficiency at 6 to 9 months (10). 

In a study by Klose et al of 46 TBI patients, 6 of 46 patients were diagnosed with HP at 3 months. 

At 12 months 1 of the patients had recovered and none had developed a new deficiency (7).  

Krahulik et al published a study in 2008 in which the pituitary function was assessed 3, 6 and 12 

months after TBI. HP was present in 27%, 23% and 21% of the patients after 3, 6 and 12 months 

respectively. A few patients recovered during the study period but others were diagnosed with new-set 

deficiencies (18). 

1.5.2 Natural course of HP after SAH 

In their study of TBI and SAH patients, Aimaretti et al diagnosed HP in 46.8% of the SAH patients 

after 3 months and 37.5% at 12 months. None of the SAH patients had developed a new deficiency at 

12 months but 2 patients with isolated hormonal deficiency developed multiple hormonal deficiency. 

Thirty-one percent of the SAH patients with HP at 3 months had recovered at 12 months (6). 

In 2012 Karaca et al published a study in which 20 SAH patients were followed for 3 years. One 

patient with ACTH deficiency at 1 year had recovered at 3 years. Four patients were diagnosed with 

GHD at 1 year, 3 of them had recovered at 3 years but 3 others had developed a new-onset GHD 

(34).  

Lammert et al studied 26 patients at 3, 6 and 12 months post SAH. They found a low prevalence of 

HP. Three patients had pituitary dysfunction at 3 months. All of them had recovered at 12 months but 

3 patients were diagnosed with a new-onset deficiency (31).  

In a recently published study by Gardner et al, pituitary function was assessed in 64 and 50 

patients 3 and 12 months after SAH respectively. HP was present in 45% of the patients at 3 months 

and in 12% of patients at 12 months (19).  
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Table 5. Design, characteristics and results of prospective studies assessing frequency of hypopituitarism in the chronic phase following traumatic brain injury. 

Authors N / N at 

follow up 

Time after 

event 

Severitya Dynamic tests HPb  GH LH/FSH ACTH TSH PRL MD 

Aimaretti et al 

2005 (6) 

100 / 70 3 and 12 m Mild - 

Severe 

GHRH-Arg 22.7%  20.0% 11.4% 5.7% 7.1% 5.7% 10% 

Agha et al 

2005 (14) 

50 / 48 Acute, 6 and 

12 m 

Mod - 

Severe 

Glucagon  N/A  10.4% 12.5% 18.8% 2.1% 12.5% N/A 

Bavisetty et al 

2008 (10) 

206 / 70 3m and 6-9m Mild - 

Severe 

GHRH+Arg.  

low-dose Synachten,  

GnRH 

21% 16%  10.5% 0% 0% N/A N/A 

Kelly et al 

2006 (160) 

44 / 44 3 and 6-9 m Mild - 

Severe 

GHRH+Arg N/A 2%  N/A N/A N/A N/A N/A 

Kleindienst et 

al 2009 (17) 

71 / 23 Acute 24-36 m Mild - 

Severe 

GHRH+Arg, 

Synachten 

69.6% 35% 0% 43% 0% 5%  8.7% 

Klose et al 

2007 (7) 

46 / 46 Acute, 3, 6 

and 12 m 

Mild - 

Severe 

ITT,  

GHRH-Arg, 

Synachten 

10.9% 10.9% 2.2% 6.5% 2.2% 2.2% 6.5%  

Krahulik et al 

2010 (18) 

186 / 89 Acute, 3, 6 

and 12 m 

Mild - 

Severe 

Arginine,  

glucagon 

19.2% 13.5% 5.6% 0% 0% N/A 0% 

Schneider et 

al 2006 (8) 

78 / 70 3 and 12 m Mild - 

Severe 

GHRH+Arg. 

Synachten (only at 

12m if abnormal at 

3m) 

35.7% 10.0% 20.0% 8.6% 2.9% 14.3% 4.3% 

Tanriverdi et 

al 2006 (15) 

52 / 52 Acute and 12 

m  

Mild - 

Severe 

GHRH+GHRP-6, low-

dose Synachten  

50.9% 32.7% 7.7% 19.2% 5.8% 7.7% 9.7%  
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(only in 12 patients) 

Tanriverdi et 

al 2008 (158) 

30/30 1 and 3 y Mild - 

severe 

GHRH+GHRP-6,  

low dose Synachten 

(only if low basal 

cortisol)  

30% 23.3% 0% 6.6% 0% N/A 0% 

Tanriverdi et 

al 2013 (159) 

25/25 1 and 5 y Mild - 

severe 

GHRH+GHRP-6, 

glucagon,  

low-dose Synachten  

32% 28% 4% 4% 0% N/A 4% 

N = number, HP = hypopituitarism, GH = growth hormone, LH = luteinizing hormone, FSH = follicle stimulating hormone, ACTH = adrenocorticotrophic hormone, TSH = 

thyroid-stimulating hormone, PRL = prolactin, MD = multiple deficiency, m = month, y = year, Mod = moderate,  ITT = insulin tolerance test, GHRH+Arg = growth-hormone-

releasing-hormone + Arginine, GHRH+GHRP-6 = growth hormone releasing hormone + growth-hormone-releasing-peptide 6 N/A = not applicable  

a Defined by Glasgow coma scale (severe: 3-8; moderate: 9-12; mild: 13-15) 

b At the latest follow-up 
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Table 6. Design, characteristics and results of prospective studies assessing frequency of hypopituitarism in the chronic phase following subarachnoid 
hemorrhage. 

Authors N / N at follow up Time after event Dynamic tests HPa GH LH/FSH ACTH TSH PRL MD 

Aimaretti et al 2005 (6) 40/32 3 and 12 m GHRH+Arg 37.5% 21.9% 6.3% 6.3% 9.4% 3.1% 6.3% 

Bendel et al 2008 (161) 30/26 Acute and 3m Synachten  N/A N/A N/A 3,8% N/A N/A N/A 

Gardner et al 2013 (19) 64/50 3 and 12 m Glucagon  12% 10% 0% 2% 0% 0% 0% 

Karaca et al 2012 (34) 20/20 1 and 3 y Glucagon 25% 20% 0% 0% 0% 5% 0% 

Klose et al 2010 (a nested 

prospective group) (54) 

26/26 Acute and 12 m ITT, 

GHRH+Arg,  

Synacthen 

0% 0% 0% 0% 0% 0% 0% 

Kronvall et al  2014 (30) 51 / 45 Acute and 3-6 m GHRH+Arg 27% 7% 4% 18% 2% 2% 4.4% 

Lammert et al 2012 (31) 26/20 3 and 12 m Synachten,  

ITT (in 2 patients) 

15% 15% 0% 0% 3.8% 0% 0% 

Tanriverdi et al 2007 (15) 22 / 22 Acute and 12 m GHRH+Arg,  

glucagon 

45.5% 36.4% 0% 13.6% 0% 0% 4.5% 

N = number, HP = Hypo hypopituitarism, GH = growth hormone, LH = luteinizing hormone, FSH = follicle stimulating hormone, ACTH = adrenocorticotrophic hormone, TSH = 

thyroid-stimulating hormone, PRL = prolactin, MD = multiple deficiency, m = month, y = year, ITT = insulin tolerance test, GHRH+Arg = Growth hormone releasing hormone + 

Arginine, N/A = not applicable. 

a At the latest follow-up. 
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1.6 Predictive factors for HP after TBI and SAH 

1.6.1 Predictive factors for HP after TBI 

It is unclear which factors predispose patients with TBI and SAH to develop HP. Numerous studies 

have looked at the severity of TBI as a potential risk factor for HP. The studies that have been 

published have used GCS to determine the severity. Some of these studies have shown an increased 

risk of HP in patients with a lower GCS score (7, 11, 12, 36, 39) but others have failed to show a 

difference (5, 6, 9, 12, 23, 24, 37). Studies have demonstrated that even mild TBI can lead to HP (6, 8, 

9, 11, 12, 40, 154). In a study by Bondanelli et al, 5 of the 6 patients who were diagnosed with multiple 

hormonal deficiency had sustained severe TBI, indicating that there might be a relationship between 

the severity of TBI and the degree of HP (12). Schneider et al found increased risk of hypogonadism 

associated with increased severity of TBI (162). Furthermore, sports-related repetitive mild head 

trauma has been shown to result in altered pituitary function (163-165). 

Factors during the hospital stay after TBI have also been studied. In a review by Benvenga et al it 

was suggested that coma or unconsciousness after a head injury might be a risk factor (154). In 

addition to an increased risk of HP with a lower GCS score, Klose et al found the risk to be increased 

in patients with high intracranial pressure, longer hospital stays and longer intubation in their study of 

104 TBI patients (36). Kelly et al found an increased risk of HP in TBI and SAH patients after a 

hypotensive and/or hypoxic insult (11) and Hermann et al reported an association between the length 

of stay in the ICU and HP in patients with severe TBI (20). 

Studies have also looked at objective radiological findings as potential predictive factors that can 

aid in the diagnosis of HP in TBI patients. In their prospective study of 70 TBI patients, Bavisetty et al 

found the degree of brain injury on acute CT (a CT score of 0-10 was calculated for each patient) to be 

the strongest risk factor for HP, as all the patients with a major deficiency had sustained severe TBI 

according to this CT scoring scale. HP patients more often had diffuse brain swelling, an evacuated 

intracerebral hemorrhage and multiple contusions (10). In their study of 22 TBI patients and 2 SAH 

patients Kelly et al also found an increased risk for HP with diffuse swelling on CT scan (11). A 

prospective study of 52 TBI patients (mild to severe) by Schneider et al found a diffuse axonal injury 

on CT and basal skull fracture to be risk factors (162). Similarly Krahulik et al found brain swelling on 

CT and cranial base fracture to be risk factors for HP in their prospective study of 89 TBI patients. 

They also found an empty sella on MRI one year after TBI to be a significant risk factor (18). In a study 

of 22 patients with TBI, 15 of whom had HP, showed abnormalities in the sella region on MR or CT 

scan in 80% of the HP patients vs. 29% of the patients without HP (145). A recently published study of 

male soldiers after moderate and severe blast TBI revealed that diffusion tensor imaging (DTI) 

analysis of the white matter structure showed greater traumatic axonal injury in the cerebellum and 

corpus callosum in patients with HP (35).  

Several studies have shown patients with HP after TBI to be older (7, 36, 162) and others have 

found higher BMI in TBI patients with HP compared to patients that do not develop HP (10, 25, 28, 

166). Table 7 shows potential predictive factors for HP after TBI.  



  

32 

1.6.2 Predictive factors for HP after SAH 

Much less is known about potential risk factors for HP following SAH. Research on SAH patients 

has failed to show an association between clinical grade (Hunt and Hess grade) of SAH or severity of 

bleeding on CT (Fischer scale) and HP (6, 13, 15, 21). However, cerebral vasospasm and 

hydrocephalus have been shown to be risk factors for HP in SAH patients (33). One study showed 

that SAH patients with HP were significantly younger than those with intact pituitary function (30) and 

another study demonstrated that patients with HP had higher BMI than those without HP (21). Table 7 

shows potential predictive factors for HP after SAH.  

 

Table 7. Potential predictive factors for hypopituitarism following traumatic brain injury or subarachnoid 
hemorrhage.  

TBI 

Severity (GCS) Brain swelling 

Coma Evacuated intracerebral hemorrhage 

Raised intracranial pressure Multiple contusions 

Longer hospitalization Diffuse axonal injury 

Longer ICU stay Basal skull fracture 

Longer intubation Radiological abnormalities in the sella region 

Hypotensive episode  

Hypoxic episode  

Older age  

Higher BMI  

SAH 

Cerebral vasospasm 

Hydrocephalus 

Younger age  

Higher BMI  

TBI = Traumatic Brain Injury, GCS = Glasgow coma scale, ICU = Intensive care unit, 

BMI = body mass index (kg/m2). 

 

1.7 Diagnosis of HP after TBI and SAH   

Endocrine diagnostic criteria and tests vary considerably among the studies where the prevalence of 

HP has been assessed following TBI and SAH and most of the diagnostic tests have not been 

validated in TBI and SAH patients.  
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1.7.1 The somatotrophic axis 

Diagnosis of GHD requires a diagnostic test in most cases because serum measurements of GH 

and IGF-1 levels have low diagnostic accuracy (167). Different tests where the peak GH is measured 

exist for the diagnosis of GHD. The ITT is considered to be the golden standard test for the diagnosis 

of GHD (43, 44, 168). Injection of insulin induces hypoglycemia and in response counteracting 

hormones such as ACTH and GH are released (169). Most healthy subjects respond to the ITT with a 

peak GH concentration of more than 5 µg/L and the cut-off for severe GHD has been defined as 3 

µg/L (170). The ITT has some disadvantages; it may carry some risk for the patients, is associated 

with some uncomfortable side effects (symptoms of hypoglycemia) and is contraindicated in patients 

with a history of cardiovascular disease or epilepsy. Furthermore, it is labor-intensive as it requires 

constant monitoring during the test. However, it has the advantage of testing the corticotrophic axis as 

well as the somatotrophic axis (43, 169). The GHRH-Arginine test is considered a valid alternative to 

the ITT (43, 44). GHRH is a growth hormone releasing hormone and Arginine is believed to reduce 

hypothalamic somatostatin release (44). Aimaretti et al showed that the ITT is a reliable test for the 

diagnosis of GHD but that the GHRH-Arginine is a good alternative if appropriate cut-offs are used 

(171). The advantage of the GHRH-Arginine test is that it has a good safety profile and is only 

contraindicated in chronic renal failure (172). Multiple factors, such as BMI, gender and age, influence 

GH secretion and the individual response to stimulation tests (44, 173-177) and obesity has been 

shown to cause GH suppression (178, 179). For this reason BMI-dependent cut-offs for the GHRH-

Arginine test have been established. Corneli et al showed that such cut-offs are reliable for diagnosis 

of GHD in obese, overweight and lean patients (180). Later Schneider et al have shown that these 

BMI dependent cut-offs lead to better results in TBI patients than the classical cut-offs (181). Several 

other stimulation tests for diagnosis of GHD exist. The glucagon stimulation test and GHRH-GHRP-6 

are also validated stimulation tests in adults. It remains unclear how the glucagon stimulates GH 

release but it has been shown to have a similar GH secretory potency as the ITT (182). The glucagon 

stimulation test can be used when the ITT is contraindicated and GHRH is unavailable (43, 44, 183). 

One disadvantage of the tests in which GHRH is used is that GHRH stimulates the hypothalamus 

directly and therefore the test can give a falsely normal response in the presence of GHD of 

hypothalamic origin (44). The GHRH-Pyridostygmine has been shown to be a reliable alternative test 

in young adults (aged 20 to 40 years) but has unpleasant cholinergic side effects (184, 185). 

Numerous other less commonly used tests exist, such as Arginine, levodopa, GHRH, GHRP-6, 

acipimox + GHRH, hexarelin, GHRH + clonidine, GHRH + GHRP-2, GHRH + somatostatin and 

clonidine tests (167, 172). Dynamic tests are not always necessary for diagnosis of GHD. In patients 

with known HP where at least 3 axes are affected, a measurement of IGF-1 below the reference range 

is considered diagnostic (43). Klose et al recently published a study in which they used different 

diagnostic tests to evaluate the prevalence of GHD in a large cohort of TBI patients. They compared 

the ITT to the combined use of GHRH-Arginine and GHRH-Pyridostigmine. They found a lower 

prevalence in patients tested with the ITT compared to those tested with combined tests and less 

impact of BMI on the results of the ITT. Additionally they compared guideline cut-offs (<3 µg/L for the 

ITT and BMI dependent cut-offs for the GHRH-Arginine test) to local cut-offs. They found that using 
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the guideline cut-offs resulted in more false positive diagnoses. They concluded that a confirmatory 

test is needed in TBI patients with suspected GHD as they only found GHD in 1% of the patients on 

retesting, whereas 14% were diagnosed insufficient with one test (186).  

1.7.2 The corticotrophic axis 

A measurement of basal early morning serum cortisol levels can be diagnostic for insufficiency of 

the hypothalamus-pituitary-adrenal axis. Serum levels values below 100 nmol/l indicate ACTH 

deficiency and levels higher than 500 nmol/l essentially exclude ACTH deficiency (187, 188). As with 

the somatotrophic axis, the ITT is the golden standard in evaluation of the corticotrophic axis (188-

190). However, as noted above it is contraindicated in certain medical conditions and requires careful 

monitoring (169, 191). A commonly used alternative is the short ACTH test (Synacthen test) that has 

shown good sensitivity and specificity when compared to the ITT in large studies (192-195). In this test 

synthetic ACTH is injected im or iv and serum cortisol is measured at 0, 30 and 60 minutes (187). This 

provides an indirect assessment of the corticotrophic function as the serum cortisol will be lower or 

even absent due to adrenal atrophy that occurs secondary to absence of corticotrophic stimuli in 

chronic ACTH deficiency (45, 196, 197). The disadvantage of the short ACTH test is that it only 

assesses part of the axis and does not evaluate whether ACTH secretion can increase. Therefore, a 

recent-onset ACTH deficiency can be missed (45). The optimal dose of synthetic ACTH has also been 

under debate. The classical dose is 250 µg and research has shown that this test performs well in 

clinical practice excluding secondary adrenal deficiency (198). However, other studies have suggested 

that this dose is supraphysiological and a low-dose 1 µg ACTH test is superior to the traditional dose 

(199, 200). Different diagnostic cut-offs have been used, serum cortisol response is most commonly 

defined as normal if it rises to >500 or >550 nmol/L (187, 196, 199). The glucagon test can be used to 

assess the corticotrophic axis as well as the somatotrophic axis. However, it is time-consuming and 

unpleasant for the patient as it causes a rise and a subsequent fall in blood glucose. It also is 

commonly associated with side effects such as nausea and headache (187, 201). Other dynamic tests 

are Metyraporin and the CRH test. The Metyraporin test has been shown to be a sensitive test but is 

not widely available (190, 191, 202). The CRH test can be considered as an alternative although it has 

a low sensitivity (203).  

1.7.3 The gonadal axis 

The gonadal axis is assessed by measuring the gonadotropins and testosterone in men. In 

premenopausal women menstrual history is diagnostic. In case of oligo- or amenorrhea, the 

gonadotropins and estrogen are measured in serum (191, 204). In postmenopausal women the 

absence of increased gonadotropins is associated with hypogonadism (205). A dynamic test, the 

gonadotropin-releasing-hormone stimulation test is complex in interpretation and has been shown to 

be unhelpful in clinical assessment of the gonadotrophic axis (206, 207). 

1.7.4 The thyrotrophic axis  

The diagnosis of thyrotropin deficiency is most commonly based on fT4 and TSH measurements. 

However, fT4 shows a large inter-individual variability (208). TSH levels are also of limited value as 



  

35 

normal or even slightly raised thyrotroph concentrations can be found in patients with secondary 

hypothyroidism (191, 209). A TRH test is a dynamic test that has some limitations. HP patients may 

show different patterns of TSH response with overlap with healthy subjects, furthermore the response 

is affected by age and gender (210). 

1.7.5 Prolactin 

Prolactin (PRL) disturbances can be assessed by a serum measurement (191).   

1.7.6 Antidiuretic hormone 

A deficiency of antidiuretic hormone (ADH), also known as diabetes insipidus, causes polyuria and 

polydipsia. The diagnostic golden standard is the water-deprivation test. The test is followed by 

administration of desmopressin (synthetic ADH) to differentiate between nephrogenic and central 

diabetes insipidus. However, massive polyuria with low urine osmolality and hypernatremia is highly 

suggestive of the condition (135, 191).  

 

1.8 Clinical significance 

Survivors of TBI often suffer from cognitive, neuropsychiatric and behavioral symptoms. These 

include fatigue, depression, anxiety, irritability and problems with concentration, memory and decision 

making (211, 212). Anterior pituitary deficiency can cause similar symptoms (45, 205). Because of this 

similarity in presentation and symptoms it may be difficult to differentiate between post-traumatic 

symptoms and HP. It is also unclear whether the symptoms are a consequence of the injury itself or 

the result of hypopituitarism.  

 Similarly studies have shown that survivors of SAH commonly suffer persistent psychiatric 

symptoms in the form of depression, anxiety, cognitive deficits and poorer concentration and have an 

increased risk of impaired cognitive functioning and quality of life. This is seen even in the presence of 

good physical recovery (213-218).   

It is known that HP is associated with serious morbidity and increased mortality if left untreated 

(45). GHD is known to elevate risk for cardiovascular diseases; increased body fat, insulin resistance, 

impaired cardiac performance and hypertriglyceridemia (47-49), decreased bone mineral density 

(219), increased fracture frequency (220) and poorer quality of life (50). Untreated GHD has even 

been associated with increased risk of malignancies (52). Further, life expectancy in GHD patients has 

been shown to be diminished, mainly due to cardiovascular diseases (51). This has been 

demonstrated to be at least partially reversible with GH treatment (49, 52, 221, 222). Acute ACTH 

deficiency in TBI patients is an acute life-threatening medical condition and requires timely treatment 

with glucocorticoid replacement (135, 223, 224). Likewise, hypothyroidism can be life-threatening and 

severe hypothyroidism can cause altered mental activity and impaired memory. Hypogonadism may 

result in decreased fertility, loss of libido, impaired sexual function and osteoporosis (45, 135, 225).   
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Several studies have looked at different clinical factors in patients with HP after TBI and SAH. 

Posttraumatic TBI has been linked with increased risk of higher low-density lipoprotein cholesterol, 

higher waist circumference and higher total fat mass compared to pituitary sufficient TBI patients 

(166). HP following TBI and SAH has been shown to be associated with diminished life satisfaction 

(32). TBI patients with HP have reported to have worse disability compared to pituitary sufficient TBI 

patients and GHD patients, greater rates of depression, cognitive impairment, reduced involvement in 

activities of daily living (ADL) and decreased quality of life (QoL) (10, 41, 160, 166, 226). However, 

data are discrepant regarding functional and cognitive outcome in patients with pituitary dysfunction 

after TBI. Although most studies have described worse outcome in patients with posttraumatic 

hypopituitarism (26, 27, 32, 160, 166, 226, 227) other studies have failed to do so (28, 29, 37). GHD 

has been shown to be an independent predictor of outcome after TBI (227). It has been suggested 

that GH might play a role as a neuroprotector after TBI and intact GH secretion might therefore 

positively affect recovery (228).  

Only a few studies have assessed the effect of replacement treatment in patients with 

posttraumatic HP. A small study by Maric et al on 6 patients with GHD after TBI found that patients 

who were treated with GH showed decreased severity of depression as well as improvement in social 

functioning (229). A pilot study by High et al reported improvement of cognitive function in TBI patients 

with GHD after treatment with GH (230). Another study showed that GH treatment for patients with 

GHD after mild TBI improved body composition, aerobic capacity and muscle force production (231). 

Replacement treatment has been demonstrated to increase QoL in TBI patients with GHD (232, 233). 

Kreitchmann-Andermahr et al showed that pituitary function (both low cortisol levels and GHD) may 

contribute to impairments in QoL, sleep disturbances, fatigue and psychiatric morbidity in SAH 

survivors (218).  
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2 Aims 

We conducted a prospective study with the aim to assess the prevalence of hypopituitarism 3 and 

12 months after TBI and aneurysmal SAH in Iceland. Furthermore, to evaluate the progression and 

natural history of HP and to find potential predictive factors of HP in these patients. Conditions in 

Iceland are particularly favourable for studying prevalence on a national level. The population is small, 

numbering only about 319.000 inhabitants and all severe (Glasgow Coma Scale (GCS <9) TBI and 

SAH as well as most moderate (GCS 9-12) TBI are transferred to and treated at one hospital, LUH, 

housing the only Neurosurgery Department in the country.  

We aimed to investigate: 

 The prevalence of HP 3 and 12 months after TBI  

 The prevalence of HP 3 and 12 months after SAH 

 The progression of HP following TBI/SAH 

 Potential predictive factors of HP in patients with TBI/SAH  
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3 Materials and methods 

3.1 Subjects 

All patients, 18 to 70 years old, admitted to LUH with moderate and severe TBI or SAH over a one 

year period (from March 2009 to March 2010) were considered for inclusion in the study. TBI severity 

was defined by the GCS and was based on the first post-resuscitation and pre-sedation score. Only 

those patients who had a moderate (GCS 9-12) or severe (GCS <9) TBI were considered for inclusion.  

A total of 37 patients were evaluated for inclusion at admission after the event, 21 with TBI (6 

patients with moderate and 15 with severe TBI) and 16 patients with SAH. Three patients were missed 

on arrival and were not included at admission but were included at the follow-up visit at 3 or 12 

months. Of the patients excluded from follow-up, 1 was not an Icelandic citizen, 4 died shortly after 

admission and 3 of the patients were not reached on follow-up. Therefore, a total of 32 patients were 

offered screening for hypopituitarism at 3 and 12 months after TBI/SAH, 21 men and 11 women; mean 

age 46,5 (range 23-66), 17 with TBI (7 moderate, 10 severe) and 15 SAH. Twenty-four patients 

accepted participation and underwent screening at 3 months post incidence, 12 SAH patients and 12 

TBI patients (5 with moderate TBI and 7 with severe TBI). Two of the patients (1 with SAH and 1 with 

moderate TBI) who were screened at 3 months after TBI declined participation at 12 months but 3 

patients (2 with severe and 1 with moderate TBI) who declined participation at the 3 month visit 

accepted participation at the 12 month visit. Therefore, 25 patients underwent screening at, 12 months 

post incidence, 11 SAH patients and 14 TBI patients (5 moderate and 9 severe). For practical reasons 

7 of the patients who participated in the evaluation at the first visit could not be screened at 3 months 

and the pituitary evaluation was performed at 6 months. Their results were analyzed with the results 

from the patients from the first visit (3 months post the event). Two patients came in for the second 

visit 17 and 19 months after the event due to practical reasons. Their results were analyzed with the 

results from the patients from the second visit (12 months after the event). The flow of the patients is 

shown in figure 3. Table 8 shows the patients’ clinical characteristics. 

Three patients had a history of hormonal disorder. One of the patients had a previous history of 

mildly raised PRL. Two of the patients had been previously diagnosed with primary hypothyroidism 

and were taking thyroxin. 

 

3.2  Methods 

3.2.1 Ethics 

The study was approved by the Ethics Committee at LUH. All participants received oral and written 

information about the study and signed an informed consent at participation 3 and 12 months after the 

TBI/SAH. The study was conducted according to the guidelines of the Declaration of Helsinki and 

approved by the Ethics Review Board at LUH. 
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3.2.2 Clinical Parameters 

Age, blood pressure, height and weight were recorded for each patient and menstrual history was 

recorded for all the women. Degree of functional recovery was assessed using the Glasgow Outcome 

Scale (GOS) and the modified Rankin Scale (mRS). GOS includes the following grades, 1 = Death 

(severe injury or death without recovery of consciousness); 2 = Persistent vegetative state (severe 

damage with prolonged state of unresponsiveness and a lack of higher mental functions); 3 = Severe 

disability (severe injury with permanent need for help with daily living); 4 = Moderate disability (no 

1 not Icelandic 

4 deceased 

3 not reached 

8 declined participation  

Admitted 

n=37 

TBI=21 (M 7, S 14) 

SAH=16 

 

Offered Screening 

n=32 

TBI = 17 (M 7, S 10) 

SAH = 15 

Screening 3 months 

n=24 

TBI=12 (M 5, S 7) 

SAH=12 

Screening 12 months 

n=25 

TBI=14 (M 5, S 9) 

SAH=11 

2 declined participation 

3 accepted  participation for 

second visit (not screened 

at 3 months) 

3 included at later stages  

 

Figure 3. Flowchart of the patients with moderate (M) and severe (S) traumatic brain injury (TBI) and 
subarachnoid hemorrhage (SAH) in the study.  
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need for assistance in everyday life, employment is possible but may require special equipment) and 

5= Low disability (light damage with minor neurological and psychological deficits). The mRS includes 

grades from 0 to 6, 0 = no symptoms; 1 = no substantial disability despite symptoms (able to carry out 

all usual duties and activities); 2 = slight disability (unable to carry out all previous activities but able to 

look after own affairs without assistance); 3 = moderate disability (requiring some help, but able to 

walk without assistance); 4 = moderately severe disability (unable to walk without assistance and 

unable to attend to own bodily needs without assistance); 5 = severe disability (bedridden, incontinent 

and requiring constant nursing care and attention); and 6 = dead. Quality of Life was assessed on both 

visits using the Quality of life Assessment of GHD in Adults (QoL-AGHDA), a disease specific self-

assessment scale designed for patients with GHD that consists of 25 yes or no questions.  

 

Table 8. Demographic and clinical characteristics of the patients.  

3.2.3 Anterior pituitary assessment 

Hormonal evaluation was performed at 3 and 12 months after TBI/SAH. Blood samples were drawn 

between 8 am and 10:30 am after an overnight fast. Serum levels for LH, FSH, PRL, TSH, fT4, IGF-1, 

GH, total cortisol, total testosterone (men), estradiol (women) and progesterone (women) were 

measured as well as plasma levels for ACTH. Serum levels of sodium, potassium, glucose and 

creatinine were also measured.  

Somatotrophic and corticotrophic function were assessed at both assessment periods using an 

ITT. A GHRH-Arginine test and a Synachten test were performed if an ITT was contraindicated. ITT 

was contraindicated in 4 patients, in 1 due to heart disease and in 3 due to a history of 

epilepsy/seizures. ITT was performed by administering 0.10-0.20 U/kg soluble insulin intravenously 

(Actrapid, Novo Nordisk). The dosage depended on pretest blood glucose and BMI according to 

clinical practice (169, 173). Hypoglycemia was defined as blood glucose <2.1 mmol/l. Blood was 

collected for measurement of serum glucose, GH and cortisol as well as plasma ACTH at -10 min, 0 

min, +10 min, +20 min, +30 min, +40 min, +60 min, +90 min, +120 min. GHD was defined as a peak 

value of serum GH < 3µg/l (43, 170). When the target blood glucose value was not achieved 

 Patients at 3 months (n=24) Patients at 12 months (n=25) 

Type of injury 12 TBI, 12 SAH 14 TBI, 11 SAH 

Gender 14 M, 10 F 15 M, 10 F 

Age 45.3 (13.2) 46.2 (12.5) 

Initial GCS (TBI Patients) 7.8 (2.7) 7.1 (3.2) 

BMI 24.9 (5.7) 26.3 (5.6) 

GCS = Glasgow Coma Scale, TBI = traumatic brain injury, SAH = subarachnoid hemorrhage, M = males, F = 

females, BMI = Body mass index (kg/m2) at the 3 and 12 month follow-up.  

Data given as number or mean (SD). 
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(measured via capillary blood glucose levels) an additional insulin bolus was administrated in an 

attempt to achieve hypoglycemia. All but one ITT were performed by the same staff. Corticotropin 

deficiency was defined as a peak serum cortisol < 500 nml/l (135).  

The GHRH + Arginine was performed by administering 0.1 µg/kg of GHRH at 0 min and 0.5g/kg 

(max 30 g) Arginine from min 0 to min 30 by an infusion. Blood samples were drawn for GH analysis at 

- 30 min, -15 min, 0 min, +15 min, +30 min, +45 min, +60 min, +90 min. GHD was defined as a peak 

GH below BMI dependent cut-off levels with ≤11.5, ≤8.0, and ≤4.2 µg/l with BMI <25kg/m2, BMI 25-

30kg/m2 and BMI ≥30kg/m2 respectively (180).  

The Synacthen test was performed by intramuscular injection of 250 µg Synachten (Novartis, 

Swiss Medics). Blood samples for serum cortisol were collected at baseline, +30 min and +60 min. 

Corticotropin deficiency was defined as a peak cortisol <500 nmol/L (196). 

Gonadotropin deficiency in men was defined as serum testosterone below the reference range in 

the presence of inappropriately low gonadotropins. In premenopausal women gonadotropin deficiency 

was defined as oligomenorrhoea/amenorrhoea and in postmenopausal women as gonadotropins in 

premenopausal range.  

Thyrotropin deficiency was defined as fT4 below the reference range in the presence of 

inappropriately low TSH.  

None of the patients with HP were treated for hormonal deficiency after 3 months. Since previous 

studies have shown that hormonal deficiency is often transient in these patients it was decided to treat 

only if HP persisted at 12 months (7, 8, 10, 14).  

3.2.4 Analytic methods 

Serum levels of fT4, TSH, progesterone, estradiol, PRL and total cortisol were analyzed using 

Electrochemiluminescence immunoassay (Modular Analytics E170, Roche, GmbH). GH was analyzed 

using a solid-phase, two-site chemiluminescent immunometric assay (IMMULITE/IMMULITE 1000, 

Siemens). IGF-1 was analyzed using a solid-phase, enzyme labeled chemiluminescent immunometri 

assay (IMMULITE/IMMULITE 1000, Siemens) and ACTH using a solid-phase, two site sequential 

chemiluminescent immunometric assay (IMMULITE/IMMULITE 1000, Siemens) (table 9).  

The method for analyzing the serum levels of testosterone was changed during the study period. 

During the first 9 visits, testosterone was analyzed using electrochemiluminescence immunoassay 

(Testosterone Modular Analytics E170, Roche, GmbH), during the following visits another 

electrochemiluminescence immunoassay was used (Testosterone II, Modlar Analytics E170, Roche, 

GmbH). Therefore the reference range changed.  

The method for analyzing the serum levels of GH was also changed during the study period. In 1 of 

the patients GH was analyzed using IMMULITE/IMMULITE 1000 Growth Hormone, Siemens; 

IMMULITE/IMMULITE 1000 Growth hormone (Recombinant 98/574), Siemens was used for GH 

analysis on all other patients. 
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3.2.5 Statistics 

All statistical analyses were performed using R Version 3.1. Data is presented as mean (± SD) 

except in tables 17 and 18 where it is presented as median (range). Fisher’s exact test was used to 

compare categorical data. In comparison of normal distributed continuous variables between groups 

an unpaired t-test was used. In comparison between continuous variables that were not normally 

distributed, a Wilcoxon’s test was used. Paired t-tests or Wilcoxon’s matched pairs test were used for 

the comparison of data obtained at 3 and 12 months after TBI/SAH. A Shapiro-Wilk test was used to 

test for normality. P values less than 0.05 were considered significant. 
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Table 9. Analytic methods. 

Analyte 

Assay 

name 

Manu-

facturer Instrument Laboratory intra assay variability (CV%) 

Reportable 

range Reference range Specimen 

       Low contr. Med. contr. High contr.      Type Storage 

TSH TSH Roche Elecsys 4.0 3.4 3.5 0.005-100.00 

mIU/L 

0.3-4.2 mIU/L Serum + 2-8 °C  

Free T4 FT4 Roche Elecsys 4.4 3.9 5.8 0.3-100 pmol/L 12-22 pmol/L Serum + 2-8 °C  

Cortisol Cortisol Roche Elecsys 7.0 3.5 3.3 0.5-1750 

nmol/L 

170-700 nmol/L Serum + 2-8 °C  

Progest-

erone 

Progest-

erone II 

Roche Modular 

E170 

8.7 - 4.5 0.095-191 

nmol/L 

male 0.7-4.3 nmol/L; female 0.6-

4.7 nmol/L (follicular phase), 5.3-

86 nmol/L (luteal phase), 0.3-2.5 

nmol/L(post-menopausal) 

Serum + 2-8 °C  

Estradiol Estradiol 

II 

Roche Modular 

E170 

6.5 - 5.5 18.4-15781 

pmol/L 

male 28-156 pmol/L; female 46-

607 pmol/L (follicular phase), 161-

774 pmol/L (luteal phase), <18.4-

201 pmol/L(post-menopausal) 

Serum + 2-8 °C  

Prolactin Prolactin 

II 

Roche Modular 

E170 

3.1 - 2.5 1-10000 µIU/L male 4.5-21 µg/L ; female 5-30 

µg/L 

Serum + 2-8 °C  

Testo-

sterone 

Testo-

sterone 

Roche Modular 

E170 

6.4 - 4.6 0.069-52 

nmol/L 

male 9.9-27.8 nmol/L ; female 

0.22-29 nmol/L 

Serum + 2-8 °C  

Testo-

sterone 

Testo-

sterone II 

Roche Modular 

E170 

4.2 - 2.0 0.087-52 

nmol/L 

male 8.6-29 nmol/L (20-49 years), 

6.7-25.7 nmol/L (>50 years); 

female 0.3-1.7 nmol/L (20-49 

years), 0.1-1.4 nmol/L (>50 years) 

Serum + 2-8 °C  

FSH FSH Roche Modular 2.8 - 2.5 0.1-200 mIU/L male 1.5-12 U/L; female 3.5-12.5 Serum + 2-8 °C  
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E170 U/L (follicular phase), 2-8 U/L 

(luteal phase), 26-135 U/L(post-

menopausal) 

LH LH Roche Modular 

E170 

2.4 - 2.0 0.1-200 mIU/L male 1.7-9 U/L; female 2.4-12.6 

U/L (follicular phase), 1-11 U/L 

(luteal phase), 7.7-58.5 U/L(post-

menopausal) 

Serum + 2-8 °C  

IGF-1 IGF-1 Siemens Immulite 

1000 

9.4 - 7.0 Up to 1600 

ng/L 

Manufacturer’ age dep. ref. ranges 

*) 

Serum  - 20 °C 

ACTH ACTH Siemens Immulite 

1000 

9.9 - 7.0 Up to ng/L < 46 ng/L EDTA-

Plasma 

 - 20 °C 

GH Growth 

hormone 

(hGH) 

Siemens Immulite 

1000 

3.4 4.2 3.0 Up to 96 mIU/L 0.1-11.5 mIU/L Serum  - 20 °C 

GH Growth 

hormone 

(hGH) 

(Recombi

nant 

98/574) 

Siemens Immulite 

1000 

5.1 4.4 4.9 0.05-40 µg/L male < 3.0 µg/L ; female < 8 µg/L Serum  - 20 °C 

CV = Coefficient of variability, contr. = control, TSH = thyroid stimulating hormone, FT4 = free thyroxine, FSH = follicle stimulating hormone, LH = luteinizing hormone, IGF-1 = Insulin-like 
growth factor 1, ACTH = Adrenocorticotropic hormone, GH = growth hormone.  

*) Immulite product booklet, IGF-1, Immulite 1000 IGF-1 (PILKGF-10, 2006-12-29). 
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4 Results 

There was no statistically significant difference in age or gender between the patients who were 

included and those who were not. The mean GCS was statistically higher in the patients who were 

included vs those who were not (p=0,0063), 10,1 vs 5,6 respectively. The patients who died shortly 

after admission were included in the analysis, which might at least partially explain this difference 

between the groups. No data are available on the clinical condition and disability for the patients who 

denied participation. Table 8 shows the patients clinical characteristics.  

Most of the patients who were included had recovered well after the event, on the first visit 71% 

had low disability according to the GOS scale (GOS = 5), 21% had moderate disability (GOS = 4) and 

8% had severe disability (GOS = 3). On the second visit 76% had low disability, 20% moderate 

disability and 1 patient had severe disability (4%). Table 10 shows the GOS and mRS grade at both 

visits.  

 

Table 10. The Glasgow Outcome Scale and modified Rankin Scale for the patients included in the 
study.  

GOS mRS 

Grade 3 months 

(n = 24) 

12 months 

(n=25) 

Grade 3 months 

(n=24) 

12 months 

(n=25) 

5 71% (n = 17) 76% (n = 19) 0 21% (n = 5) 32% (n = 8) 

4 21% (n = 5) 20% (n = 5) 1 50% (n = 12) 44% (n = 11) 

3 8% (n = 2) 4% (n = 1) 2 21% (n = 5) 20% (n = 5) 

2 0% 0% 3 4% (n = 1) 0%  

1 0% 0% 4 4% (n = 1) 4% (n = 1) 

   5 0% 0% 

   6 0% 0% 

GOS = Glasgow Outcome Scale; 1 = Death (severe injury or death without recovery of consciousness); 2 = Persistent 

vegetative state (severe damage with prolonged state of unresponsiveness and a lack of higher mental functions); 3 = Severe 

disability (severe injury with permanent need for help with daily living); 4 = Moderate disability (no need for assistance in 

everyday life, employment is possible but may require special equipment) and 5= Low disability (light damage with minor 

neurological and psychological deficits).  

mRS = The modified Rankin Scale; 0 = no symptoms; 1 = no substantial disability despite symptoms (able to carry out all usual 

duties and activities); 2 = slight disability (unable to carry out all previous activities but able to look after own affairs without 

assistance); 3 = moderate disability (requiring some help, but able to walk without assistance); 4 = moderately severe disability 

(unable to walk without assistance and unable to attend to own bodily needs without assistance); 5 = severe disability 

(bedridden, incontinent and requiring constant nursing care and attention); and 6 = dead. 
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4.1 Three months after TBI and SAH 

Basic characteristics of the patients are shown in table 8. The thyrotrophic axis could not be 

evaluated in 2 patients (37 year old male with severe TBI and a 55 year old female with SAH) due to 

primary hypothyroidism and treatment with levothyroxine. One of the premenopausal women had a 

hormonal intrauterine device and therefore the gonadotropin axis could not be assessed. One female 

had previously been diagnosed with mild hyperprolactinemia and PRL was elevated both at 3 (141.3 

µg/l, reference range 4.5-21 µg/l) and 12 months (36.3 µg/l). The cause was believed to be anti-

depressive treatment (venlafaxine) which the patient was receiving. She was therefore not included in 

evaluation of the PRL axis.  

Six out of the 24 patients (25.0%) showed impairment of pituitary function at 3 months after 

TBI/SAH; 2 out of the 12 patients TBI patients (16.7%) and 4 out of 12 SAH patients (33.3%). Both TBI 

patients had sustained severe head injury. Two men (1 with severe TBI and 1 with SAH) had GHD 

confirmed with GHRH-Arginine test. Both of these men also had low testosterone and inappropriately 

low gonadotropin levels. In both instances, their first visit got delayed until 6 months after the event as 

formerly described. Two other men had gonadotropin deficiency, one after severe TBI and one with 

SAH. Two premenopausal women had oligomenorrhea following SAH. None of the patients had 

impairment of the corticotrophic or the thyrotrophic axis. The characteristics of the patients and the 

affected axes are shown in tables 11 and 12. The GH response to the stimulation test and the 

characteristics of the patients with GHD are shown in table 13. 

Two patients had a reduction in PRL levels. None of the patients had hyperprolactinemia. 

No diagnostic test was done for the diagnosis of diabetes insipidus but none of the patients had 

clinical symptoms or signs indicating ADH deficiency. One SAH patient had mild hypernatremia (148 

mmol/l).  

 

4.2 Twelve months after TBI and SAH 

Four of the 25 patients (16%) evaluated at 12 months had HP, 3 out of 14 after TBI (21,4%) and 1 

out of 11 after SAH.  

Two patients (1 after SAH and 1 after severe TBI) had GHD confirmed with GHRH-Arginine test. 

One of these patients (SAH) had GHD at 3 month follow-up; the other was not tested at 3 months after 

TBI. The patient with GHD who was tested both at 3 months and 12 months had impairment of the 

gonadotropin axis at 3 months that had recovered at 12 months. One of the patients (male with severe 

TBI) with GHD at 3 months had recovered from the GHD at 12 months but he still had gonadotropin 

deficiency at 12 months. One other patient (moderate TBI) had gonadotropin deficiency at 12 months. 

All of the SAH patient who had gonadotropin deficiency at the first visit had recovered at 12 months.  

None of the patients had impairment of the corticotrophic or thyrotrophic axis or PRL levels out of 

the reference range. The characteristics of the patients and the affected axes are shown in tables 11 

and 12. The characteristics and individual evaluation of the gonadotrophic and somatotrophic function, 

including the GH response to the stimulation test (for the patients with GHD) are shown in table 13.  
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As previously stated, no specific tests for diagnosis of ADH deficiency were performed during the 

study. The patient who had mild hypernatremia at 3 months after SAH had normal serum sodium at 

follow-up.  

Table 11. Pituitary axes affected in patients with hypopituitarism after traumatic brain injury.  

 

Table 12. Pituitary axes affected in patients with hypopituitarism after subarachnoid hemorrhage. 

 

4.3 Predictive factors 

There was no statistically significant difference in GCS, age, BMI, QoL, GOS or Rankin between 

the TBI patients with HP and those with intact pituitary function. Nor did we find such difference 

between SAH patients with and without pituitary insufficiency at 3 months (tables 14, 15 and 16). 

Because only 1 SAH patient was found to have pituitary insufficiency at 12 months, no comparison 

was made in the SAH group.  

Gender  Age  GCS  3 months  12 months  

M 44 12 N/A LH/FSH 

M 37 6 GH, LH/FSH LH/FSH 

M 42 8 LH/FSH  

M 56 3 N/A GH 

G = Glasgow Coma Scale, M = Male, F = Female, GH = Growth hormone, LH = Luteinizing hormone, FSH = 

follicle stimulating hormone, N/A = not applicable. 

Gender  Age  GCS 3 months  12 months  

M 56 14 GH, LH/FSH GH 

M 44 15 LH/FSH  

F 41 15 LH/FSH  

F 37 15 LH/FSH  

GCS = Glasgow Coma Scale, M = Male; F = Female, GH = Growth hormone, LH = Luteinizing hormone, FSH = 

follicle stimulating hormone. 
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Table 13. Individual evaluation of the gonadotrophic and somatotrophic axis at 3 and 12 months after 
traumatic brain injury and subarachnoid hemorrhage.  

      3 months 12 months 

 Injury Sex BMI Age GCS LH/ 

FSH 

IGF-1  GH LH/ 

FSH 

IGF-1 GH  

1 TBI M 24.4 28 7 N L  

(85 µg/l) 

N N N N 

2 TBI F 21.6 65 9 N N N N N N 

3 TBI F 25.8 43 3 N N N N N N 

4 TBI M 24.0 26 3 N N N N N N 

5 SAH M 33.9 59 14 N N N N/A N/A N/A 

6 SAH F 19.0 66 15 N N N N N N 

7 SAH M 23.3 56 14 D N 

(89 µg/l) 

D  

(4.3 µg/la) 

N N  

(82 µg/l) 

D (2.1µg/l)a 

8 TBI M 32.1 48 3 N/A N/A N/A N N N 

9 TBI F 20.6 23 7 N L  

(90µg/l) 

N N N N 

10 TBI M 30.9 44 12 N/A N/A N/A D N N 

11 SAH F 33.6 41 15 D L  

(88 µg/l) 

N N L  

(80 µg/l) 

N 

12 TBI M 29.7 37 6 D N  

(115 µg/l) 

D  

(3.5 µg/l)a 

D N N  

(11.8 µg/l)a 

13 TBI M 20.7 35 11 N L  

(78 µg/l) 

N N/A N/A N/A 

14 TBI M 39.0 42 8 D N N N N N 

15 SAH M 25.6 54 15 N N N N N N 

16 SAH M 25.9 44 15 D N N N N N 

17 TBI M 33.8 41 11 N L  

(68 µg/l) 

N N L  

(98 µg/l) 

N 

18 SAH M 21.2 31 3 N N N N N N 

19 TBI F 24.8 46 8 N N N N N N 

20 SAH F 19.9 61 12 N N N N L  

(73 µg/l) 

N 

21 SAH F 20.0 50 15 N N N N N N 

22 TBI M 20.1 51 10 N N N N N N 

23 TBI M 17.6 24 10 N N N N N N 

24 SAH F 20.7 37 15 D N N N N N 
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25 SAH F 27.1 55 15 N N N N L  

(59 µg/l) 

N 

26 TBI M 29.8 56 3 N/A N/A N/A N N/A D  

(6.7 µg/l)a 

27 SAH M 24.9 60 13 N N N N N N 

TBI = traumatic brain injury, SAH = subarachnoid hemorrhage, BMI = body mass index (kg/m2), GCS = Glasgow 

Coma Scale, LH = luteinizing hormone, FSH = follicle stimulating hormone, IGF-1 = Insulin growth factor 1, GH = 

growth hormone, M = male, F = female, N = normal, D = deficient, L = low, N/A = not applicable  

a peak GH response to the GHRH-Arginine test  

IGF-1 age-dependent reference range (µg/l); 18 years(y) : 163-584, 19y: 141-483, 20y: 127-424, 21-25y: 116-

358, 26-30y: 117-329, 31-35y: 115-307, 36-40y: 109-284, 41-45y: 101-267, 46-50y: 94-252, 51-55y: 87-238, 56-

60y: 81-225, 61-65y: 75-212, 66-70y: 69-200. 

 

Table 14. Comparison between pituitary deficient and sufficient patients with traumatic brain injury at 3 
months. 

 

 HP                         

(n=2) 

Pituitary sufficiency 

(n=10) 

P 

Age 39.5 (3.5) 38.2 (13.6) 0.801 

BMI 34.5 (6.4) 23.3 (4.7) 0.215 

GCS 7.0 (1.4) 7.9 (3.0) 0.555 

GOS 4.5 (0.7) 4.8 (0.6) 0.322 

mRS 1.5 (0.7) 1.0 (1.2) 0.277 

QoL-AGHDA 4.5 (6.4) 9.0 (6.8) 0.488 

HP = Hypopituitarism, BMI = body mass index (kg/m2), GCS = Glasgow Coma Scale, GOS = Glasgow Outcome 

Scale, mRS = modified Rankins Scale, QoL-AGHDA = Quality of Life Assessment of growth hormone deficiency 

in adults. 

Data given as mean (SD) 
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Table 15. Comparison between pituitary deficient and sufficient patients with subarachnoid 
hemorrhage at 3 months. 

 

 

Table 16. Comparison between pituitary deficient and sufficient patients with traumatic brain injury at 
12 months. 

 

4.4 Comparison of hormone concentrations between 3 and 12 months  

A statistically significant difference was found in baseline cortisol concentrations in TBI patients at 3 

months compared to 12 months. The concentration was significantly higher at 12 months (P 0.01). 

Other baseline and stimulated hormone concentrations in the TBI group did not differ significantly 

although the difference in IGF-1 and LH (women) came close to being significant, with P 0.07 and 0.05 

respectively (table 17, figure 4 and 5). There was no statistically significant difference between 

 HP                         

(n=4) 

Pituitary sufficiency 

(n=8) 

P 

Age 44.5 (8.2) 54.5 (10.7) 0.111 

BMI 26.0 (5.7) 24.0 (5.1) 0.577 

GCS 14.8 (0.5) 12.8 (4.1) 0.343 

GOS 4.3 (1.0) 4.6 (0.5) 0.561 

mRS 1.5 (1.3) 1.25 (0.7) 0.737 

QoL-AGHDA 7.8 (5.3)  5.7 (6.1) 0.579 

HP = Hypopituitarism, BMI = body mass index (kg/m2), GCS = Glasgow coma scale, GOS = Glasgow outcome 

scale, mRS = modified Rankin Scale, QoL-AGHDA = Quality of life Assessment of growth hormone deficiency in 

adults. 

Data given as mean (SD). 

 HP                       

(n=3) 

Pituitary sufficiency 

(n=11) 

P 

Age 45.7 (9.6) 39.7 (13.2) 0.430 

BMI 30.3 (0.6) 26.9 (6.2) 0.098 

GCS 7.0 (4.6) 7.2 (3.0) 0.953 

GOS 4.7 (0.6) 4.6 (0.7) 1.000 

mRS 1.0 (1.0) 1.1 (1.2) 0.901 

QoL-AGHDA 3.3 (3.5) 7.6 (6.2) 0.179 

HP = Hypopituitarism, BMI = body mass index (kg/m2), GCS = Glasgow coma scale, GOS = Glasgow 

outcome scale, mRS = modified Rankin Scale, QoL-AGHDA = Quality of life Assessment of growth hormone 

deficiency in adults. 

Data given as mean (SD). 



  

51 

hormone concentrations at 3 and 12 months in the SAH patient group (table 18). However the 

difference in baseline cortisol was nearly significant with P 0.06 (figure 5). Comparison of testosterone 

concentrations between the 3 and 12 month follow-up was not possible as the hormone analysis 

changed during the study period as mentioned previously. All women (pre- and postmenopausal) were 

grouped together because of the small study sample and comparison of stimulated GH concentrations 

after GHRH-Arginine test was not possible as too few patients underwent the test during the study.  

 

Table 17. Hormone concentrations at 3 and 12 months after traumatic brain injury  

Hormone 3 months (N=12) 12 months (N=14) P  

TSH (pmol/l) 1.90 (0.89-3.10) 2.12 (0.83-7.24) 0.08 

fT4 (mU/l)  15.0 (13.9-24.0) 14.6 (12.2-17.0) 0.08 

ACTH (ng/l) 17.5 (<10.0-66.0) 26.0 (15.0-71.0) 0.09 

Cortisol (nmol/l) 396 (272-626) 505 (323-881) 0.01* 

GH (µg/l) 0.10 (<0.05-23.10) 0.10 (<0.05-2.50) 0.29 

IGF-1 (µg/l) 116.5 (68.0-183.0) 138.0 (93.0-216.0) 0.07 

PRL (µg/l) 10.5 (3.4-16.1) 10.6 (5.3-17.1) 0.12 

LH (U/l)    

    Males  4.7 (1.8-7.2) 5.2 (1.8-6.3) 0.85 

    Females  5.1 (3.0-9.6) 8.6 (7.4-13.8) 0.05 

FSH (U/l)    

    Males 3.6 (2.0-11.9) 3.4 (2.3-11.5) 0.40 

    Females 3.8 (2.1-11.1) 5.6 (4.2-46.5) 0.36 

Estradiol (pmol/l)a 128.8 (124.4-788.8) 80.4 (73.2-339.8) 0.25 

Progesterone (nmol/l)a 1.4 (0.90-49.0) 1.1 (0.6-26.7) 0.50 

ITT    

    Cortisol peak (nmol/l) 707 (588-1006) 851 (631-1067) 0.18 

    GH peak (µg/l) 17.00 (3.20-47.00) 18.60 (3.80-45.10) 0.35 

TSH = thyroid stimulating hormone, fT4 = free thyroxine, ACTH = adrenocorticotropic hormone, GH = growth 

hormone, IGF-1 = insulin-like growth factor 1, PRL = prolactin, LH = luteinizing hormone, FSH = follicle 

stimulating hormone, ITT = insulin tolerance test.  

Data given as median (range).  
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a Females. *statistically significant, P <0.05. 

Table 18. Hormone concentrations at 3 and 12 months after subarachnoid hemorrhage. 

 

Hormone 3 months (N=12) 12 months (N=11) P  

TSH (pmol/l) 1.62 (0.61-7.89) 1.76 (0.87-10.60) 0.10 

fT4 (mU/l)  15.5 (13.6-17.5) 16.3 (12.8-18.8) 0.53 

ACTH (ng/l) 20.0 (<10.0-39.0) 21.0 (<10.0-51.0) 0.15 

Cortisol (nmol/l) 375 (188-605) 413 (216-695) 0.06 

GH (µg/l) 0.10 (<0.05-1.00) 0.20 (<0.05-6.1) 0.35 

IGF-1 (µg/l) 126.5 (87.0-165.0) 112.0 (59.0-197.0) 0.63 

PRL (µg/l) 6.9 (5.5-15.0) 9.1 (5.2-18.5) 0.10 

LH (U/l)    

    Males  5.0 (2.9-6.4) 4.3 (3.2-7.5) 0.56 

    Females  29.0 (5.3-53.0) 26.0 (1.3-75.6) 0.47 

FSH (U/l)    

    Males 8.2 (4.7-13.1) 7.1 (4.8-11.4) 0.57 

    Females 59.6 (3.1-149.5) 51.4 (2.5-156.1) 0.90 

Estradiol (pmol/l)a 114.3 (18.0-1392.0) 73.1 (18.4-2700.0) 0.43 

Progesterone (nmol/l)a 1.0 (0.1-2.8) 1.2 (0.1-42.4) 0.86 

ITT    

    Cortisol peak (nmol/l) 773 (565-972) 806 (576-900) 0.29 

    GH peak (µg/l) 13.90 (4.40-74.50) 15.55 (6.60-51.20) 0.70 

TSH = thyroid stimulating hormone, fT4 = free thyroxine, ACTH = adrenocorticotropic hormone, GH = growth 

hormone, IGF-1 = insulin-like growth factor 1, PRL= prolactin LH = luteinizing hormone, FSH = follicle 

stimulating hormone, ITT = insulin tolerance test.  

Data given as median (range).  

a Females.  
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Figure 4. Serum concentration of cortisol in individual patients at 3 and 12 months after traumatic 
brain injury. Gray dotted horizontal lines represent reference range. P value is given for 
comparison of the concentrations between 3 and 12 months 

 

Figure 5. Serum concentration of IGF-1 in individual patients at 3 and 12 months after traumatic brain 
injury. P value is given for comparison of the concentrations between 3 and 12 months 
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Figure 6. Serum concentration of LH (women) in individual patients at 3 and 12 months after traumatic 
brain injury. P value is given for comparison of the concentrations between 3 and 12 months. 

 

Figure 7. Serum concentration of cortisol in individual patients at 3 and 12 months after subarachnoid 
hemorrhage. Gray dotted horizontal lines represent reference range. P value is given for 
comparison of the concentrations between 3 and 12 months.  
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5 Discussion  

In this prospective study we evaluated the anterior pituitary function in a total of 15 TBI patients and 

12 SAH patients. Twelve TBI patients and 12 SAH patients were assessed at 3 months and 14 TBI 

patients and 11 SAH patients at 12 months. In the TBI patients, pituitary insufficiency was found in 

17% (2 out of 12) and 21% (3 out of 14), 3 and 12 months after the injury respectively. Of the SAH 

patients, 33% (4 out of 12) and 9% (1 out of 11) were found to have HP, 3 and 12 months after the 

event respectively. Isolated GHD was found in 8% and gonadotropin deficiency in another 8% of the 

patients 12 months after the event. At the follow-up, one year after the event, HP was more common 

after TBI than SAH as HP (GHD) was only diagnosed in one SAH patient.  

 

5.1 The prevalence of HP after TBI and SAH  

The prevalence of HP following TBI in this study (21% after 12 months) is in accordance with 

previous prospective studies, where the prevalence has ranged from 11% to 69.6% (6-10, 14, 17, 18) 

(as shown in table 5). However, the prevalence of HP after SAH (9% after 12 months, 1 out of 11 

patients) was lower than in majority of the previously published prospective studies that have reported 

a prevalence ranging from 25% to 46% (6, 15, 30, 34) (as shown in table 6). However, Lammert et al 

and Gardner et al have reported comparably low prevalence 12 months after SAH (15% and 12% 

respectively) to what we found in our study (19, 31). A study by Klose et al using the ITT for screening 

of the somatotrophic and corticotrophic axes showed an even lower prevalence as none of the 

patients had HP after SAH (54). The reason for the low prevalence found in our study could be the 

small sample size. However, it has been demonstrated that the prevalence of HP after TBI and SAH is 

dependent on diagnostic criteria and dynamic tests used (155, 186). We also believe variation with 

respect to inclusion criteria (including TBI severity), different cohorts, difference in hormonal assays 

and confounding factors such as BMI play a role in the discrepancy between studies.  

Only impairment of the somatotrophic and gonadotrophic axes was found in our study. Other axes 

were intact. The gonadotrophic axis was the most commonly affected axis 3 months after the event 

and the gonadotrophic and somatotrophic axes were equally often affected at 12 months. This is in 

accordance with previous studies, in which the somatotrophic and gonadotrophic axes have been the 

most commonly affected axes at 1 year post the event (6, 7, 9, 15). As previously mentioned the 

somatotrophic cells are mainly located in the lateral wings of the anterior pituitary, an area that is 

mainly vascularized by the long hypophyseal vessels that are particularly susceptible to injury (138). 

Our results therefore indicate that the pathogenesis of HP might be vascular in origin. To support this 

further is the fact that we found no patient with thyrotropin or ACTH deficiency. This is in accordance 

with previous studies that have found low prevalence of thyrotropic, corticotrophic and posterior 

pituitary failure (ADH deficiency) (5, 6, 10-12, 20, 22). The corticotroph and thyrotroph cells are 

located in areas vascularized by the short hypophyseal vessels and the posterior pituitary gets blood 

supply from the inferior hypophyseal vessels. These vessels are much less susceptible to trauma 

(138, 234).  
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However, as our study sample was small it is hard to draw any definite conclusions regarding the 

prevalence. 

 

5.2 The progression of HP following TBI and SAH 

In the majority of the patients, recovery occurred between 3 and 12 months. One patient had a 

transient GHD and 5 patients (3 males and 2 females) had transient gonadotropin deficiency, 1 

following TBI and 4 after SAH. This is in accordance with the results of some other prospective studies 

of TBI patients where the gonadotrophic axis has been particularly likely to recover over time (6, 10, 

14). Early gonadotropin suppression is well known in critical illness and it has been suggested to be a 

part of a physiological response to the stress caused by acute illness and may even play a role in 

inflammatory response (235). Since testosterone is an anabolic steroid this suppression of secretion in 

acute stress could also be an appropriate response in order to diminish the energy consumption (236). 

Such gonadotropin disturbances have also been shown in patients soon after TBI (237-239). It may 

take some time for the pituitary to recover and gonadotropin function to normalize. Another reason for 

the recovery of pituitary function with time has been suggested to be the regeneration of the severed 

portal vessels, as they grow down into the damaged parts of the anterior lobe (154). Both of the 

patients who had multiple hormonal deficiency (2 axes affected in both cases) at 3 months did recover 

and only had insufficiency of 1 axis at 12 months.  

None of the patients was diagnosed with a new-onset deficiency at 12 months but unfortunately 

two out of four patients who were diagnosed with impaired pituitary function at 12 months did not 

undergo screening at 3 months. The clinical course in these patients is therefore difficult to assess. 

Some previous studies have reported new-onset HP at later stages after TBI and SAH up to 5 years 

after the event (6, 8, 10, 18, 31, 34, 158, 159). The natural progression of HP remains unclear; also 

unclear is when endocrinological screening should be conducted on these patients. Screening before 

12 months could lead to overestimation of HP as many of the patients recover their pituitary function at 

later stages. However, it is also of importance to diagnose those patients who develop persistent 

deficiency and require treatment  

 

5.3 Diagnostic criteria and dynamic tests 

As mentioned above, the reported prevalence of HP following TBI and SAH varies considerably 

between studies. There are many possible explanations for the inconsistency between studies. 

Studies vary with respect to TBI severity, different cohorts and hormone assays. Confounding factors 

such as BMI, age and gender may also affect the results of the studies as it is well known that these 

factors influence GH secretion and the individual response to stimulation tests (173-177). Discrepancy 

in diagnostic criteria and evaluation of the pituitary function probably plays a large role. Kokshoorn et 

al published a review in 2010 which demonstrated that definitions of HP and endocrinological 

evaluation differ considerably between studies. For example, the prevalence of GHD was affected by 

the dynamic tests used. Where the ITT and GHRH-Arginine test were used, the reported prevalence 
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was on average lower than when the glucagon and GHRH-GHRP-6 tests were used. Furthermore, the 

outcome of each test varied notably except for the ITT (155). In their study of 170 TBI patients Leal-

Cerro et al showed that more false positive results were found using the glucagon test compared to 

the ITT and the GHRH-GHRP-6 test (22). Furthermore, studies vary in criteria for HP. In studies where 

the GHRH-Arginine test has been used for diagnosis of GHD, the traditional cut-offs have most 

commonly been used (GHD defined as peak GH <9 µg/L) but not the BMI-dependent cut-offs we used 

(6-8, 12, 20, 23). Interestingly, in our study all the patients with GHD were diagnosed using the GHRH-

Arginine test. All patients on whom an ITT was performed had appropriate GH response. One patient 

only had a transient GHD diagnosed with a GHRH-Arginine test and had recovered at the 12 month 

visit. The ITT has traditionally been considered the golden standard in diagnosis of GHD. Using this 

test, the integrity of the whole hypothalamo-pituitary axis is assessed in contrast to combined tests 

such as GHRH-Arginine and GHRH-GHRP-6 where the hypothalamus and the pituitary gland are 

stimulated and GHD due to hypothalamic dysfunction may be missed. The ITT also has the advantage 

of testing the corticotrophic axis (43). Furthermore, it has been shown that using the ITT for screening 

in TBI patients results in fewer patients being diagnosed with GHD, compared with combined testing, 

using GHRH-Arginine and GHRH-Pyridostigmine, and that the ITT is less affected by BMI (186). 

However, GHRH-Arginine has been shown to be a validated alternative when the ITT is 

contraindicated (43, 173). It is well known that GH secretion is influenced by many factors such as 

gender, body composition and age (173). Obesity has been shown to suppress GH secretion (178, 

179). We therefore used BMI-dependent cut-offs for the GHRH-Arginine test. As mentioned before, 

these cut-offs have been shown to be reliable for diagnosis of GHD in obese, overweight and lean 

patients (180) and lead to better results in TBI patients than the classical cut-offs (181). Two out of the 

3 patients diagnosed with GHD in the study had a BMI of nearly 30 kg/m2. One had recovered at 12 

months. Unfortunately the other patient did not attend the evaluation at 3 months, he had a peak GH 

response of 6.7 µg/l to the GHRH-Arginine test at 12 months and therefore GHD according to the BMI-

dependent cut-offs. With the ITT we used the validated cut-off for GHD, peak GH response of <3 µg/L 

(43). However, some studies have used a higher cut-off (GH <5µg/l) or defined partial GHD as peak 

GH between 3 and 5 µg/L (7, 21, 23, 36). This difference in diagnostic criteria could partially explain 

why we found a lower prevalence of HP than many previous studies. If we had used higher cut-offs 

(GH <5µg/l) for the ITT we would have diagnosed 3 patients (2 with TBI and 1 with SAH) with a partial 

GHD at the 3 month visit and 2 (both with TBI) at the 12 months visit. Using the traditional cut-off for 

the GHRH-Arginine test (GH <9µgl) one additional patient (with TBI) would have been diagnosed with 

GHD at 12 months. Using these diagnostic cut-offs for the ITT and GHRH-Arginine test would have 

resulted in a prevalence of 58.3% and 35.7% 3 and 12 months after TBI, respectively. The prevalence 

after SAH would have been 41.7% after 3 months but unchanged at 12 months (9.1%).  

In evaluation of the corticotrophic axis the ITT has been considered the golden standard but the 

Synachten test has been shown to be an acceptable alternative (198). As stated above, none of the 

patients in our study who underwent either an ITT or a Synachten test were diagnosed with ACTH 

deficiency. This is in contrast to most previous studies that have found ACTH deficiency in 6-29% of 

TBI patients (6-9, 14, 22-24, 27) and in 6-40% of SAH patients (6, 13, 15, 21). However, the range of 
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reported prevalence of ACTH deficiency is broad and some studies have not found any patients with 

such deficiency (10, 12, 28, 54). This is probably due to difference in diagnostic evaluation. Several 

studies have used measurements of morning cortisol and in these studies different diagnostic cut-off 

values have been employed. Others have used a Synachten test or an ITT. The prevalence of ACTH 

deficiency has tended to be lower in studies that have used the ITT as a diagnostic test (155), as we 

did in this study. Comparison of hormonal concentrations revealed a statistically significant difference 

in baseline cortisol levels between measurements at 3 and 12 months in patients after TBI and close 

to a significant difference in the SAH patients. The concentrations were lower in the patients at 3 

months. All but one patient had a value above 200 nmol/l. This patient responded appropriately to the 

ITT. This difference in cortisol between visits might indicate that TBI affects the corticotrophic axis at 3 

months after the trauma.  

In accordance with our results, many previous studies have found TSH deficiency to be the least 

common deficiency amongst HP patients who have sustained TBI or SAH (7-10, 13-15, 18, 21-23). 

However, the prevalence range in studies has varied considerably. As with ACTH deficiency different 

diagnostic cut-offs have been used, with the cut-off value for fT4 ranging from 8 to 12 pmol/L (155). 

This is probably at least partly due to the different hormone assays used.  

 

5.4 Predictive factors 

We were not able to determine any predictive factors as we found no statistically significant 

difference in GCS, BMI or age between patients with impairment of pituitary function and those 

without. Some previous studies have shown increased risk of HP in patients with more severe TBI 

(lower GCS) (7, 11, 12, 36, 39) but others have not been able to show a statistically significant 

difference (5, 6, 9, 12, 23, 24, 37, 227). This could partly be due to difference in the type of injury but 

few studies have looked at this as a potential predictive factor. Bondanelli et al did not find a 

statistically significant relationship between type of trauma and posttraumatic HP (12), but in a review 

of 367 case reports of HP following TBI by Benvenga et al, road accident was the most frequent type 

of trauma (74.1% of the patients) (154). Baxter et al found a higher prevalence of HP in soldiers who 

had sustained blast TBI compared to controls with nonblast trauma (35).  

Our lack of statistically significant results is most likely due to lack of statistical power because of 

the small sample size. In our study, 4 of the 5 patients with pituitary deficit at 3 or 12 months had a 

severe TBI. Only one had a moderate TBI according to GCS. During inclusion many patients did not 

meet the inclusion criteria of post-resuscitation and pre-sedation GCS score of <13 although they had 

sustained serious head injuries and were admitted to the ICU. One of the patients who was diagnosed 

with gonadotropin deficiency at 12 months had an extremely serious injury and a complicated 

admission; his injury was however categorized as moderate as the GCS was 12 on arrival to the 

hospital. This is of interest since it raises the question whether GCS is a good enough indicator of 

severity and also when it is best to assess the severity; whether this should be done on arrival of 

health care personnel, on arrival at the emergency room or even by description from eyewitnesses 

directly after the injury. Worsening in form of brain edema or bleeding might make TBI more severe 
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than initially indicated in patients with high GCS. The fact that patients with mild TBI were not included 

in the study may also have affected the outcome since some studies have shown that they have a 

substantial risk of developing HP (6, 9, 10, 12, 24, 40). Thus the prevalence of HP in our study might 

be affected by the inclusion criteria.  

It is of great importance to find and confirm predictive factors for HP in these patients as 

endocrinological evaluation of all TBI and SAH patients would be time-consuming and is unlikely to be 

cost-effective. Until such factors have been identified it will be problematic to introduce a routine 

screening program for patients with TBI and SAH.  

 

5.5 Strengths of the study 

The strength of our study is the design, a single-center prospective study. There is only one 

neurosurgical department in Iceland and therefore most, if not all, patients with moderate and severe 

TBI and SAH are admitted to the department. This makes the study quite complete on a national level. 

Standardized evaluation with validated dynamic tests was performed on all patients for assessment 

of the somatotrophic and corticotrophic axes that are the most complicated axes to assess.  

 

5.6 Limitations of the study 

The study has several limitations. Since Iceland has a small population, around 319 000 

inhabitants, the sample size was small and relatively few patients were included in the study over the 

one year period. Also, the incidence of serious TBI in Iceland seems to be quite low (62).  

Another limitation is the fact that analytic method used in our hospital for testosterone and GH was 

changed during the research period. However, the appropriate reference values were used and 

therefore the diagnosis of HP should not be affected; although this made direct comparison of the 

somatotrophic and gonadotrophic axes’ function between visits difficult in some patients.  

Repeated analysis and dynamic tests for confirmation of the diagnosis of pituitary hormonal 

deficiency were not used in the study. Studies using such confirmatory tests have tended to report 

lower rates of HP compared to studies that have not used such tests (7, 22, 23, 36, 53, 54). The 

prevalence of HP in our study might thus be overestimated as patients with abnormal test results did 

not undergo such confirmatory testing. However, the prevalence of HP in our study was not much 

higher than in those studies, although it is difficult to draw any definite conclusions due to our small 

sample size. Using confirmatory testing might also lead to underestimating of the true prevalence of 

HP as these diagnostic test may not detect all cases of hypopituitarism.  

No control group without brain pathology was included in the study. This makes overestimation of 

the prevalence possible. However, previous studies that have included a healthy control group have 

shown that abnormal baseline and stimulated hormonal levels are much more common in patients 

after TBI than in the control population; with only 0 of 31 and 1 of 38 healthy controls failing 

endocrinological testing (8, 23).   
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6 Conclusion 

In summary, we found that pituitary function was affected in 16.7% and 21.4% of the TBI patients 

at 3 and 12 months after the injury respectively. After SAH 33.3% and 9.1% of the patients had 

impaired pituitary function, 3 and 12 months after the event respectively. HP was more common after 

TBI (21%) than SAH (9%) at the 12 month follow-up. At 12 months isolated GHD was found in 8% and 

gonadotropin deficiency in another 8% of the patients. We did not identify any predictive factors for 

development of HP, most likely due to lack of statistical power because of the small sample size. We 

do however, question the GCS as a marker of severity for TBI. Although our study found a lower 

prevalence of HP than some previous studies, we find that the results of this prospective study 

indicate a considerable risk of HP after TBI and a reason to study pituitary function further in patients 

following SAH. As we have demonstrated evidence of pituitary dysfunction following both TBI and 

SAH, we believe that screening for HP is justified in these patients. However, it remains unclear when 

such evaluation should take place as recovery commonly occurs between 3 and 12 months. We 

suggest that evaluation of the pituitary function should be performed no earlier than 12 months after 

the event, unless clinically indicated. However, clinical assessment might be indicated earlier to 

evaluate the need for neuroendocrine evaluation. Furthermore, it is of great importance to identify 

potential predictive factors as screening of these patient groups is both time-consuming and 

expensive.  

We conclude that HP following TBI and SAH is relatively common, occurring in between 9 and 

33.3% of the patients. Further research is still needed to identify potential predictive factors and better 

clarify the natural history of HP after TBI and SAH. This is of importance for identifying when it is best 

to evaluate the pituitary function and the need for future treatment of these patients.  
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