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Abstract
Purpose  Clinical research studies over the last 15 years have reported a significant burden of hypopituitarism in survivors 
of traumatic brain injury (TBI). However, debate still exists about the true prevalence of hypopituitarism after head injury.
Methods  We have reviewed the literature describing the frequency of post-traumatic hypopituitarism and discuss the fac-
tors which may explain the variable frequency of the reported deficits in clinical studies including research methodology 
and the natural history of the disease.
Results  Pituitary hormone perturbations in the acute phase following injury are frequent but are difficult to attribute to 
traumatic pituitary damage due to physiological hormonal changes in acute illness, the confounding effect of medications, 
other co-morbidities and lack of appropriate control subjects. Nevertheless, a small number of studies have emphasised the 
clinical importance of acute, dynamic disturbance of the hypothalamic–pituitary–adrenal axis. There is a much larger evi-
dence base examining the frequency of hypopituitarism in the chronic, recovery phase following head injury. These studies 
report a very broad prevalence of long-term pituitary hormone dysfunction in survivors of TBI. However, systematic review 
suggests the prevalence to be between 27 and 31%.
Conclusion  Survivors of head injury are at risk of pituitary hormone dysfunction and we suggest an approach to the diagnosis 
of post-traumatic hypopituitarism in routine clinical practice.
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Introduction

Traumatic brain injury (TBI) is a global public health prob-
lem and the leading cause of death and disability among 
young people in developed countries. It is estimated that 
approximately 57  million people worldwide have been 
hospitalised following TBI [1]. A study from 13 European 
countries reported the incidence of TBI to be 235/100,000 
per year [2]. In the United States (US), TBI accounts for 
2.5 million visits to the Emergency Department and con-
tributes to 50,000 deaths annually [3]. Survivors frequently 

suffer physical and neuropsychiatric sequelae [4]. Men are 
twice as likely to suffer head injury compared to women [1].

Hypopituitarism following TBI was first recognised a 
century ago [5]. Evidence from autopsy studies, dating back 
several decades, confirmed the frequent finding of vascular 
and traumatic injuries to the hypothalamic-pituitary region 
in TBI victims [6, 7]. However, it is only in the last 15 years 
that researchers have attempted to define the true prevalence 
of post-traumatic hypopituitarism (PTHP) in survivors of 
head injury.

While PTHP is now recognised as relatively common, 
there is a considerable variation in the reported prevalence, 
with a recent systematic review reporting a range of 15–68% 
[8]. The reason for this is not fully understood but is likely 
to be multifactorial and influenced by the timing of assess-
ment, different endocrine testing protocols, severity of injury 
and differences between children and adults. Most clinical 
research in the field has focused on survivors of moderate to 
severe TBI who have been hospitalised. However, emerging 
research suggests that repetitive concussive brain injuries 
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can also result in pituitary hormone deficiencies and that 
even a single typical concussion may result in chronic hypo-
pituitarism [9].

This review will discuss the frequency of PTHP reported 
in the literature and summarise the research which identifies 
those at highest risk of hypopituitarism. Also, we will review 
the appropriate timing and suggest a protocol for pituitary 
hormone evaluation.

Prevalence of hypopituitarism following TBI

Several retrospective and prospective studies have reported 
a highly variable prevalence of chronic anterior pituitary 
dysfunction following head injury in adults ranging from 5 
to 76.4%. Some of the variability can be explained by the 
timing of testing. PTHP is a dynamic illness and a small 
number of prospective studies, which performed repeat test-
ing on the same subjects during the acute and chronic phase 
following head injury, have confirmed that hormone defi-
ciencies detected early following injury may recover up to 
1 year [10, 11]. While the temporal trend in PTHP appears to 
be one of improvement, a small number of subjects develop 
new hormone deficiencies during long-term follow up [12]. 
However, the wide range in the estimated prevalence of 
hypopituitarism following TBI cannot be explained solely 
by a variable time of evaluation. Different cohort character-
istics and methodological differences related to the criteria 
and tests used to diagnose hypopituitarism have an important 
influence of the reported prevalence of PTHP. Studies that 
used confirmatory tests have reported lower frequency of 
hypopituitarism [13–15].

Acute hypopituitarism

Anterior pituitary dysfunction

Some alterations in hypothalamic pituitary function in the 
days following head injury may be physiological responses 
to critical illness or to drugs (e.g. sedation, opiates) used 
during this time. For example, low serum sex steroid con-
centration is present in over 80% of patients after moderate 
to severe TBI but recovers spontaneously in the majority 
[10]. Even true deficiency of growth hormone (GH), gon-
adotrophins and thyrotrophin would not merit replacement 
during the acute recovery phase. Acute ACTH deficiency, 
on the other hand, can be life threatening. A small num-
ber of studies have assessed ACTH/cortisol reserve in the 
first 2 weeks following head injury and they have reported a 
broad prevalence of ACTH deficiency ranging from 4 to 78% 
[11, 16–23]. This very wide range emphasises the challenges 
of defining true ACTH deficiency in acute critical illness.

Most studies during the acute phase have been uncon-
trolled and some relied on a single measurement to define 
the function of the hypothalamic–pituitary–adrenal axis. A 
recent study by Bensalah et al. demonstrated the impact of 
the serum cortisol cut off for the definition of acute ACTH 
deficiency [23]. The investigators measured a single early 
morning cortisol on over 200 patients in the first week fol-
lowing TBI and set three thresholds for defining potential 
ACTH deficiency − 3, 10 and 15 µg/dL. Acute deficiency 
was reported in 2.8%, 21% and 37% respectively using the 
three cortisol cut-offs. US researchers performed a con-
trolled study, comparing subjects with moderate to severe 
head injury and those with extra-cranial trauma (ECT) only 
[19]. Serum cortisol was measured twice daily for up to 
9 days post injury and 53% of subjects were deemed by the 
authors to have ACTH deficiency/insufficiency (serum cor-
tisol < 25 percentile of values in ECT cohort [15 µg/dL] on 
two occasions). This study also highlighted the strong rela-
tionship between hypocortisolemia and use of anaesthetic 
agents including etomidate, phenobarbital and propofol.

In another prospective trial, Hannon et al. measured early 
morning serum cortisol on five separate occasions during the 
first 10 days after moderate to severe head injury [18]. They 
reported that 78% of subjects had evidence of ACTH defi-
ciency (defined as serum total cortisol < 11 µg/dL) at some 
stage during the acute phase. This study also emphasises 
the highly dynamic nature of ACTH/cortisol in the early 
days following head injury. Using a different methodology—
a glucagon stimulation test—at a median of 12 days post 
injury, the author and colleagues identified acute ACTH 
deficiency among 16% of a cohort of patients (n = 50) fol-
lowing moderate to severe TBI [17].

Methodological factors in study design clearly have a 
major impact on the reported prevalence of acute ACTH 
deficiency. Also, the fluctuating levels of cortisol in the 
serum of patients following head injury and the confound-
ing effect of medications further complicate the diagnosis 
of true ACTH deficiency. Some authors have questioned the 
value of serum cortisol measurement during the acute phase 
following head injury in the absence of clinical features of 
cortisol deficiency. However, acute hypocortisolemia after 
TBI has been associated with higher vasopressor require-
ments and higher mortality [18, 19], although a causal rela-
tionship cannot be established. Currently available research 
has not isolated robust clinical risk factors for the develop-
ment of acute ACTH deficiency after head injury. In particu-
lar, severity of injury and abnormalities on cross sectional 
brain imaging do not predict the likelihood of acute hypo-
cortisolemia. Future studies should focus on harmonising 
research protocols as well as identifying better biomarkers of 
cortisol deficiency which might separate subjects with true 
ACTH deficiency from those displaying adaptive changes in 
the hypothalamic pituitary adrenal axis.
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Chronic hypopituitarism

Natural history

Prospective, longitudinal studies have confirmed that 
PTHP is a highly dynamic process. Broadly, the temporal 
trend is towards recovery of pituitary function in most 
patients; however, research also suggests that new hor-
mone deficiencies can become manifest during long term 
follow up. Two prospective studies from Ireland, among 
adults with moderate to severe TBI, have demonstrated 
that acute neuroendocrine dysfunction following TBI 
may recover with time. A study of 50 patients described 

recovery of anterior pituitary function when subjects 
underwent repeat endocrine evaluation at 6 and 12 months 
following injury (Fig. 1) [10]. Gonadotroph function was 
most likely to normalise with time. Recovery of growth 
hormone and ACTH reserve was observed in 66% and 50% 
of patients respectively. A subsequent study, found that 
78% of adults with moderate/severe TBI had evidence of 
acute hypocortsiolemia but only 18% had persistent evi-
dence of ACTH deficiency when retested after 6 months 
[18].

These results mirror those of Klose et al. who showed 
that early neuroendocrine disturbance was common (76% of 
subjects) but only 11% had biochemical evidence of hypo-
pituitarism at 1 year post injury [11]. Prospective studies 

Fig. 1   Peak growth hormone 
(a) and cortisol (b) responses to 
glucagon stimulation in a pro-
spective cohort of 50 patients 
following moderate to severe 
TBI demonstrating that acute 
pituitary dysfunction often 
improves over 12 months but 
new hormone deficiencies may 
also become manifest during 
follow up. Reproduced with 
permission from [10]
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by Tanriverdi et al. give important insights into the natural 
history of PTHP. In a study of 52 subjects following TBI 
they found, once again, that early neurohormonal distur-
bance often resolved during follow-up but approximately 
50% of subjects had new pituitary hormone deficiencies 
1 year after injury [16]. A re-evaluation of the same cohort, 
3 and 5 years after injury, confirmed that the general trend 
in pituitary function was towards recovery over time [12, 
24]. However, after 5 years 24% of subjects had persistent 
hypopituitarism. Both the studies by Klose et al .and Tan-
riverdi et al. were remarkable for a large subset of patients 
with mild TBI.

Prevalence of chronic hypopituitarism

In view of the dynamic nature of neurohormonal changes 
that can occur early following head injury and the find-
ings of natural history studies discussed above we consider 
chronic hypopituitarism to be defined by hormonal evalua-
tion 6 months or more post-injury. The combined results of 
several retrospective and prospective studies have reported 
a very broad range of chronic hypopituitarism from 5 to 
76.4%. This wide range is clinically problematic but likely 
reflects the multiple confounding factors in the diagnosis of 
hypopituitarism in patients following TBI.

Estimating the true prevalence of pituitary dysfunction 
in the chronic phase after TBI is difficult due to differ-
ences in patient selection, timing of testing in relation to the 
injury and, importantly, the methodological differences with 
respect to the type of dynamic test used, whether abnormal 
results were confirmed or otherwise using a second test and 
the threshold used to define normality. The impact of meth-
odological issues is illustrated in a study of GH deficiency 
(GHD) in a large Danish TBI cohort [13]. The investiga-
tors compared the insulin tolerance test (ITT) to the growth 
hormone releasing hormone (GHRH) and pyridostigmine 
(combined test). Rates of GHD were significantly higher—
by a factor of 4—when the combined test was employed in 
comparison to the ITT. When both tests were used to con-
firm the diagnosis, the rate of GHD was substantially less 
than when either test was used alone. In addition, the use 
of a GH cut-off value, derived from a local, healthy cohort, 
for the GHRH and pyridostigmine test, resulted in a lower 
prevalence of GHD when compared to the use of a cut-off 
recommended in international guidelines. A systematic 
review found similar methodological bias in the diagnosis 
of ACTH deficiency after TBI [25]. The findings suggested 
that the broad range of chronic ATCH deficiency could be 
explained by the wide variety of test used including ITT, 
synACTHen (corticotrophin) stimulation, cortiotrophin 
releasing hormone (CRH) stimulation and basal cortisol 
measurement (Table 1).

The impact of patient selection on the reported prevalence 
of hypopituitarism is more controversial. Some research-
ers have found that patients with lower post-resuscitation 
Glasgow Coma Scale (GCS) scores (reflecting more severe 
TBI), hypoxia/hypotension and increased intracranial pres-
sure are more likely to develop PTHP but this has not been 
a consistent finding [26–28]. Radiological features on cross-
sectional imaging following head injury have been variably 
reported to predict hypopituitarism. These include base of 
skull fracture, diffuse brain swelling, petechial brain haem-
orrhage and focal cortical contusions [27, 29–31]. Recent 
research, suggests that decreased apparent diffusion coef-
ficient (a marker of tissue ischaemia) may be a useful radio-
logical predictor of PTHP and may help to stratify patients 
for biochemical screening. However, further prospective, 
longitudinal research is required [32]. A recent review arti-
cle has discussed, in detail, the relative predictive power of 
these and other clinio-radiological features in post-traumatic 
hypopituitarism [33].

Notwithstanding the confounding elements described 
above, a number of studies among unselected patients have 
helped to define the prevalence of hypopituitarism among 
long term survivors of TBI and the main ones are summa-
rised in Table 1. In one of the earliest studies, Aimaretti 
and colleagues (n = 70) reported anterior hypopituitarism 
in 22.7% of patients [34]. This was followed by Tanriverdi 
et al. and Schneider et al. who described a prevalence of 51% 
and 36% in long-term survivors respectively [16, 35]. Klose 
et al., in a study of 104 patients, found a lower prevalence of 
15% at 1 year [26]. A similar, large retrospective study from 
Ireland among 102 TBI survivors of moderate or severe TBI 
diagnosed hypopituitarism in 28% of subjects [14]. The last 
two studies used confirmatory dynamic tests. Most recently, 
in a study of 100 consecutive patients, Hannon et al. reported 
that 34% had pituitary hormone deficiency [18]. Finally, two 
systematic reviews, one in 2007 and another in 2014, have 
examined the heterogeneity between various studies and 
reported a pooled prevalence of 27.5% and 31.6% respec-
tively following TBI [8, 36].

Neurohypophyseal damage

Cranial diabetes insipidus (DI) is common following mod-
erate to severe head injury and typically becomes manifest 
within the first 3 days. In general, DI is easily diagnosed 
following head injury and, therefore, the prevalence rate is 
less affected by methodological bias. Prospective studies 
have detected acute DI in 16–28% of patients following TBI 
[17, 37–40]. Lower rates, reported by other investigators, 
have been derived from smaller retrospective studies and are 
likely to be an underestimate of the true prevalence [41, 42]. 
There is a correlation between severity of TBI and likelihood 
of developing DI [38]. Also, DI is associated with cerebral 
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Table 1   Summary of selected studies evaluating anterior pituitary function in adult survivors of TBI 12 months or more after injury

Rate of GH deficiency is reported as severe GH deficiency unless stated otherwise
N/R not reported
Cross-sectional study. ACTH deficiency was diagnosed using 08:00 h serum cortisol
a Prospective study. One hundred consecutive patients with TBI underwent endocrine evaluation following TBI. Twenty-one died during follow-
up and 32 attended for follow-up endocrine testing. ACTH deficiency was diagnosed using the insulin tolerance test (ITT). In cases where ITT 
was contraindicated the glucagon stimulation test was used and the diagnoses confirmed using a short synACTHen test
b Cross-sectional study. ACTH deficiency was determined using an ITT
c Multicenter cross-sectional study. A variety of methods were used to diagnose ACTH deficiency including the ITT, short synACTHen test (1 µg 
and 250 µg) and the corticotrophin releasing hormone (CRH) test
d Prospective study of 186 subjects following TBI of whom 89 were still under observation at 12 months following injury. ACTH deficiency was 
defined by measurement of basal serum cortisol and ACTH
e Multicenter cross-sectional study in which 330 survivors were screened and 246 underwent endocrine testing. ITT was used to diagnose ACTH 
deficiency if basal serum cortisol was less than 7 µg/dL
f Prospective study of consecutive subjects admitted following TBI. Twenty-three returned for long-term follow up. ACTH deficiency determined 
by failure of adequate response to short synACTHen test
g Cross-sectional study. ITT was used to diagnose ACTH deficiency or short synACTHen test when contraindicated. Insufficiencies were con-
firmed by retesting
h Prospective study. ITT was used to diagnose ACTH deficiency or short synACTHen test when contraindicated
i Prospective study of 78 consecutive patients following TBI. Seventy were re-evaluated at 12 months. ACTH deficiency was diagnosed using a 
short synACTHen test

Study Patient 
No.
12 months 
follow-up

TBI
Severity

Timing of test post 
TBI
(months)

Overall 
hypopitui-
tary
%

LH/FSH 
deficiency
%

GH deficiency
%

TSH deficiency
%

ACTH 
defi-
ciency
%

Hannon et al. (2013) 
[18]a

32 Moderate–severe 6–24
(median 14)

34 3.1 18.8 0 18.8

Kozlowski et al. 
(2012) [78]b

55 Mild–severe At least 12 76.4 3.6 40 21.8 27.3

Kokshoorn et al. 
(2011) [15]c

112 Mild–severe 1–144
(median 36)

5.4 0.9 2.7 0 1.8

Krahulik et al. 
(2010) [79]d

89 Moderate–severe 12 21 5.6 13.5 N/R N/R

Berg et al. (2010) 
[80]e

246 Moderate–severe 4–47 (mean 12) 21 9 11 12 1

Kleindienst et al. 
(2009) [81]f

23 Mild–severe 24–36 N/R 0 35 0 43.4

Klose et al. (2007) 
[26] g

104 Mild–severe Median 13 15 2 15 2 5

Klose et al. (2007) 
[11]h

46 Mild–severe 12 11 2 11 2 6.5

Schneider et al. 
(2006) [35] i

70 Mild–severe 12 36 28.5 14.3 4.3 12.9

Tanriverdi et al. 
(2006) [16] j

52 Mild–severe 12 51 41.6 20.4 5.8 9.8

Agha et al. (2005) 
[10] k

48 Mild–severe 12 N/R 13 8.3 18.8 2.1

Aimaretti et al. 
(2005) [34] l

70 Mild–severe 12 22.7 11.4 38.6 5.7 7.1

Leal-Cerro et al. 
(2005) [82]m

99 Severe > 12 42.4 29.2 10 10.1 11.1

Agha et al. (2004) 
[14]n

102 Moderate–severe 6–36 (median 17) 28.4 11.8 10.7 1.0 12.7

Bondanelli et al. 
(2004) [83]o

50 Mild–severe 12–64 54 14 8 10 0

Popovic
et al. (2004) [84]p

67 Moderate–severe 12–264 34.3 9 14.9 4 7
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oedema and predicts a higher mortality rate following head 
injury [18, 38, 43]. The general trend is towards improve-
ment with a prevalence of 7% in long term survivors in a 
large series [37].

Hypopituitarism following concussion

Most of the published data concerning PTHP is derived from 
patients admitted to hospital following TBI. In most studies, 
at least half of subjects have moderate to severe TBI when 
graded according to post-resuscitation GCS scores. How-
ever, there is considerable overlap between the symptoms of 
hypopituitarism and the post-concussive syndrome, some-
times referred to as chronic traumatic encephalopathy. Some 
authors have reported that patients exposed to repeated con-
cussion may be at risk of long term hypopituitarism, particu-
larly GH deficiency, with rates ranging from 18 to 27% of 
subjects [44–47]. Kelestimur and colleagues demonstrated 
the risk of pituitary dysfunction among retired boxers who 
suffered repeated concussion [45]. They have subsequently 
elaborated on these findings by reporting hypopituitarism 
in kickboxers and highlighting the clinical implications of 
pituitary hormone deficiencies in these athletes [44, 48, 
49]. More recently, Kelly et al. robustly evaluated pituitary 
function in retired National Football League players [46]. 
They selected a high-risk cohort who reported a poor qual-
ity of life and found pituitary hormone dysfunction in 23.5% 
of subjects overall. Isolated hormone deficiency, typically 
growth hormone, is the most common abnormal finding fol-
lowing concussion. A minority of subjects have multiple 
pituitary hormone deficiencies. An important confounder, 
in studies of pituitary function in athletes, is the impact of 
current or prior use of performance enhancing drugs such 
as anabolic steroids. The true prevalence of drug doping can 
be difficult to ascertain and steroid use can have a prolonged 
impact on pituitary function if used at high dose or for a 
long duration.

The risk of pituitary dysfunction after a single, typical 
concussion is more difficult to estimate as such cases rarely 
receive long term medical follow up. Studies of military 

personnel who suffered concussion following explosive, 
blast related injuries suggests that the long term risk of 
hypopituitarism may not be insignificant. Wilkinson and 
colleagues estimated that approximately 20% of combat per-
sonnel may have clinically significant pituitary dysfunction 
after a blast-related concussion [47, 50]. Similarly, a small 
study of UK male soldiers who suffered blast-related TBI 
reported a high prevalence (approximately 30%) of chronic 
anterior pituitary dysfunction [51].

Cranial DI is extremely rare following a single concus-
sion, although isolated case reports have suggested that this 
may occur [52]. A greater degree of brain damage is prob-
ably required to cause clinically detectable hypothalamic/
posterior pituitary dysfunction. However, emerging research 
suggests that concussion may result in hypothalamic injury 
detectable with novel imaging techniques [53].

Pituitary dysfunction after childhood TBI

Children and young people deserve special considera-
tion. Non-accidental injury is estimated to occur in 20 per 
100,000 infants per year [54]. The rate of TBI increases 
throughout childhood and young adult life and, by age 25, 
approximately 1/3 of the population has experienced a head 
injury [55]. However, children are particularly vulnerable to 
the consequences of PTHP which could impair linear growth 
and/or delay pubertal development. Precocious puberty has 
also been described following head injury.

Research data on the prevalence of PTHP in children is 
subject to the same confounders and bias as the adult litera-
ture discussed above. However, studies in early childhood 
suggest that hypopituitarism following TBI is rare. A study 
of 198 survivors of structural TBI, less than 2 years of age, 
found no clinically significant pituitary hormone deficien-
cies [56]. Casano-Sancho et al., in a prospective study of 37 
children with TBI found no evidence of hypopituitarism in 
patients under 6 years of age [57]. However, isolated GHD 
was quite prevalent in older children at a rate of 34% at 
1 year. This rate fell sharply to 3.8% if only patients with 
a low height velocity had been assessed. The utility of 

j Prospective study of 52 patients following TBI. ACTH deficiency was confirmed using a low-dose (1 µg) synACTHen test
k Prospective longitudinal study of 50 patients. At 12 months, 48 patients underwent repeat hormonal evaluation. The glucagon test was used to 
evaluate ACTH reserve
l Prospective study. ACTH deficiency was diagnosed using 09:00 h serum cortisol and 24 h urine free cortisol
m Cross-sectional study. A total of 170 survivors of severe TBI responded to a mailed questionnaire of whom 57 (33%) did not report any symp-
toms of hypopituitarism. Fourteen patients declined pituitary testing. Therefore, 99 subjects underwent biochemical evaluation for hypopituita-
rism. ACTH deficiency was confirmed using ITT
n Cross-sectional study. ACTH deficiency was diagnosed using the glucagon stimulation tests and confirmed with ITT (or short synACTHen test 
if ITT contra-indicated)
o Cross-sectional study. One hundred and twenty-eight patients were invited to participate of whom 76 volunteered. Fifty patients completed the 
research study protocol. ACTH deficiency was diagnosed using by measuring 08:00 h cortisol and ACTH

Table 1   (continued)
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auxological measurement, as a guide to the likelihood of 
pituitary hormone deficiency, was highlighted in a recent 
study in which the investigators demonstrated that height 
velocity less than the 25th centile 1 year after TBI, was a 
useful screening tool for persistent growth hormone in chil-
dren [58].

A prospective study of 30 children (mean age 13 years) 
admitted to hospital following TBI (50% mild) again found 
a low rate of hypopituitarism after 1 year—only one child 
had biochemical and auxological evidence of GH deficiency 
[59]. Similarly, Personnier et al., in a study of childhood 
survivors of severe TBI, reported an 8% prevalence of PTHP 
[60]. Finally, a prospective study from the United States fol-
lowed 21 children (mean age 11.8) for 1 year post TBI. One 
child (5%) had GHD, 2 (9%) had central hypothyroidism and 
3 (14%) had precocious puberty [61].

The literature on TBI in childhood, when considered in 
its entirety, reports a highly variable prevalence of long-term 
pituitary dysfunction [62]. However, when the analysis is 
confined to prospective studies, recruiting unselected con-
secutive patients (discussed above) it appears that the risk 
of PTHP may be lower in children compared to that reported 
in adults.

Diagnosis of pituitary dysfunction after TBI

Acute phase

Diagnosing anterior hypopituitarism in the acute phase 
following head injury is very challenging. Many neuroen-
docrine perturbations are felt to be physiological adaptive 
responses to critical illness or caused by medications (e.g. 
sedation,opiates, anaesthesia) and will resolve spontaneously 
if the patient survives. ACTH deficiency, however, is poten-
tially life threatening. Therefore, the focus during the acute 
phase should be on detecting and managing glucocorticoid 
deficiency.

Clinical features of secondary hypoadenalism, such as 
hypotension, a higher than expected vasopressor require-
ment, hyponatremia and hypoglycemia may be helpful in 
identifying patients with ACTH deficiency [63]. However, 
these complications can occur for other reasons following 
moderate to severe TBI and are not specific for glucocorti-
coid deficiency. Conversely, patients with hypoadrenalism 
may exhibit no overt haemodynamic or metabolic instabil-
ity. Stimulation tests of the hypothalamic-pituitary adrenal 
axis are contraindicated (in the case of ITT) or unreliable 
(short corticotropin test) during the acute phase following 
TBI. Therefore, most endocrinologists rely on early morn-
ing serum cortisol during the acute phase. The appropriate 
serum cortisol concentration in head injury victims is dif-
ficult to define as it depends on the severity of the injury (or 

injuries), presence or absence of sepsis, and other factors. 
Importantly, in the absence of sepsis, total serum cortisol 
appears to be an accurate reflection of free cortisol in the 
early days following injury, despite concerns about altera-
tions in the concentration of serum binding proteins [64]. In 
the acute phase, following moderate to severe TBI, morning 
serum cortisol ≤ 10 µg/dL is deemed inappropriately low, 
based on data from non-TBI surgical patients in critical care 
[18, 65] and justifies glucocorticoid replacement although 
clinical judgement should apply.

International guidelines do not universally recommend 
routine monitoring of serum cortisol in all patients admit-
ted to hospital following TBI [65–67]. The highly dynamic 
nature of serum cortisol in the days following TBI can make 
individual measurements difficult to interpret. Also, further 
research about the impact of replacement glucocorticoids, 
in the absence of clinical features of hypoadrenalism, is 
necessary.

Cranial diabetes insipidus is easily recognisable 
in the acute phase. In adults, a 24  h output in excess 
of 3.5  L of hypotonic urine in the presence of serum 
sodium > 143 mmol/L strongly supports the diagnosis [68]. 
Despite preservation of thirst, hypernatremia is common due 
to clouding of consciousness and consequent inability to 
drink. The treatment is to administer parenteral Desmopres-
sin, as required and hypotonic intravenous (or enteral) fluids 
guided by the urine output and the plasma sodium.

Chronic phase

Case detection

The very common occurrence of head injury makes it 
impractical to screen every case for hypopituitarism with-
out consuming an enormous amount of healthcare resources. 
Severity of head injury has been proposed as a screening tool 
to identify those most likely to suffer from PTHP [65]. Some 
studies in the field, including two systematic reviews, have 
shown a correlation between severity of injury and risk of 
hypopituitarism [8, 11, 26–28, 30, 36].

Severity of head injury can be assessed clinically 
by the post-resuscitation, pre-intubation GCS. Scores 
between13-15 are indicative of mild TBI, 9–12 of moder-
ate while ≤ 8 indicate severe injury. However, there is inter-
individual variation in calculation of GCS and other factors 
such as drugs/alcohol can confound accurate measurement. 
One scheme proposed by the Veterans Administration/US 
Department of Defence suggests a multi-category score to 
judge severity of head injury [69]. This includes GCS as well 
as alteration/loss of consciousness and post-traumatic amne-
sia. TBI severity can also be graded according to the degree 
of abnormality on cross-sectional imaging of the head which 
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may be useful when initial GCS score is not available or 
inconsistent [70].

Current UK guidance recommend that patients hospital-
ised for more than 48 h following TBI should subsequently 
undergo screening for pituitary dysfunction [66]. Other 
clinical and radiological features may help to risk stratify 
patients e.g. mechanism of injury, post-traumatic seizure, 
length of ICU stay, diffuse axonal injury or base of skull 
fracture [16, 26, 30, 36].

Recent research supports the contention that patients with 
less severe TBI presenting to the emergency department 
have a low prevalence of endocrine dysfunction when strict 
diagnostic criteria are used and perhaps should be consid-
ered for endocrine evaluation only if they develop clinical 
features suggestive of pituitary deficiency [71]. Similarly, 
patients who have suffered repetitive concussion and who 
have persistent post-concussive symptoms, unresponsive to 
conventional treatment, should be screened for PTHP [9].

Hormonal evaluation

Figure 2 suggests an algorithm for the assessment of pitui-
tary function in the chronic recovery phase following TBI 
which is in keeping with the proposed advice from opin-
ion leaders in the field [33]. It is recommended that initial 
assessment, including a detailed history and physical exam-
ination, takes place between 3 and 6 months after injury 
[65, 66, 72]. Assessment for hypogonadism, one of the 
most common pituitary deficiencies after moderate/severe 
TBI, is undertaken with paired measurement of serum gon-
adotrophins and testosterone in men (menstural history in 
premenopausal women). Central hypothyroidism, which is 
uncommon after TBI, can be diagnosed on baseline thyroid 
function test with a low serum free T4 concentration in the 
presence of a low or inappropriately normal serum TSH.

Early morning serum cortisol is often used to assess the 
adrenal axis. Serum concentration ≤ 3 µg/dL is diagnostic of 
ACTH/cortisol deficiency and a level ≥ 18 µg/dL indicates 
sufficient ACTH reserve [30, 65, 66]. However, intermedi-
ate values require further testing, either with repeat sam-
pling of basal cortisol values or a stimulation test. The short 
synACTHen (corticotrophin) test is a safe, convenient and 
clinically reliable test in this setting [73].

Assessment of GH reserve in adults should probably 
be deferred until 1 year post injury as recovery of growth 
hormone secretion may occur over many months. Children 
who exhibit retardation of linear growth may require earlier 
assessment. Low serum IGF-1 concentration in a patient 
with multiple pituitary hormone deficiencies (MPHD) 
is highly suggestive of GHD. However, in the absence of 
MPHD, serum IGF-1 measurement lacks sensitivity for 
the diagnosis of GHD. If the patient is a candidate for 
replacement then a GH stimulation test is required in most 

cases to make the diagnosis with confidence. The ITT is 
the most reliable test—a peak serum GH ˂ 3 µg/dL is used 
to diagnose severe GH deficiency in adults [74]. This test 
is contra-indicated in those with a history of seizures or 
heart disease—the former a common complication of TBI. 
GHRH + arginine (combined test) is a potent stimulus of GH 
in lean subjects but the response is highly BMI dependant 
[75]. GHRH is not readily available in the United States and, 
therefore, the glucagon stimulation test is another alternative 
for assessing GH (and ACTH) reserve. Traditionally, similar 
GH cut off values have been used as with ITT. However, the 
glucagon test is sensitive to BMI and there is high risk of a 
false positive in obese individuals. Recently, however, lower 
GH cut offs for diagnosing GHD in obese individuals have 
been proposed when using a glucagon stimulation test [76].

Central diabetes insipidus

Survivors of brain injury who report polyuria or polydipsia 
should be assessed for the possibility of persistent DI. A 24 h 
urine volume greater than 40 mL/kg/24 h warrants further 
investigation. Measurement of serum glucose, adjusted cal-
cium and potassium will out-rule other common causes of 
polyuria. The water deprivation test may be needed to con-
firm the diagnosis, particularly in the case of partial cranial 
DI. Peak urinary concentrating ability < 700 mOsm/kg with 
normal renal function in the presence of concentrated serum, 
is suggestive of DI [77].

Conclusion

A large body of evidence has now demonstrated that patients 
who suffer TBI are at risk of hypopituitarism. However, 
despite the publication of many detailed prospective and 
retrospective clinical studies, the true prevalence of PTHP 
remains a matter of debate. The dynamic nature of pituitary 
function after head injury, the confounders and practical dif-
ficulties of studying endocrine function in the early days 
following major trauma, the limitations of the diagnostic 
biochemical tools as well as the overlap between post-TBI/
post-concussive symptoms and hypopituitarism have posed 
major challenges to researchers in the field.

The value of routine screening for hypopituitarism dur-
ing the acute phase after TBI is controversial. However, 
emerging evidence has shed new light on cortisol dynam-
ics in the days following injury and emphasises the need 
for clinicians to be vigilant for ACTH deficiency. Screen-
ing for pituitary dysfunction during the chronic recovery 
phase requires consideration of patient and injury-related 
factors. Severity of TBI currently provides a reasonable 
guide as to who requires pituitary evaluation after injury. 
Other TBI survivors, including those who have suffered 
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concussion, should be considered for screening if they dis-
play any clinical features of hypopituitarism.

Compliance with ethical standards 

Conflict of interest  The authors report no conflict of interests.

References

	 1.	 Langlois JA, Rutland-Brown W, Wald MM (2006) The epide-
miology and impact of traumatic brain injury: a brief overview. 
J Head Trauma Rehabil 21(5):375–378

Fig. 2   Suggested algorithm for 
the evaluation of post-traumatic 
hypopituitarism in the post-
acute phase

3 – 6 months after head injury

Check for symptoms of 
hypopituitarism (eg. hypogonadal 
symptoms, menstrual disturbance in 
women, low mood, poor energy, 
polyuria etc)

Unexpected poor response to 
rehabilitation

Assess adrenal, gonadal and thyroid 
axes (see text)

Polyuria with normal serum glucose, 
calcium and potassium – measure 24 
hour urine volume. If >40mL/kg then
consider water deprivation test.

Treat hormone deficiency 

Yes No

Consider dynamic stimulation of GH  
reserve eg. ITT or glucagon 

stimulation test. Reassess other axes if 
earlier deficiency detected

Re-assess adrenal, gonadal and thyroid 
function if earlier deficiency detected

Treat any deficiencies as appropriate under specialist endocrine 
supervision

One year post-injury: Is the patient a candidate for 
growth hormone replacement? 



258	 Pituitary (2019) 22:249–260

1 3

	 2.	 Tagliaferri F, Compagnone C, Korsic M, Servadei F, Kraus J 
(2006) A systematic review of brain injury epidemiology in 
Europe. Acta Neurochir (Wien) 148(3):255–268. https​://doi.
org/10.1007/s0070​1-005-0651-y; discussion 268.

	 3.	 Taylor CA, Bell JM, Breiding MJ, Xu L (2017) Traumatic brain 
injury-related emergency department visits, hospitalizations, 
and deaths—United States, 2007 and 2013. MMWR Surveill 
Summ 66(9):1–16. https​://doi.org/10.15585​/mmwr.ss660​9a1

	 4.	 Thurman DJ, Alverson C, Dunn KA, Guerrero J, Sniezek JE 
(1999) Traumatic brain injury in the United States: a public 
health perspective. J Head Trauma Rehabil 14(6):602–615

	 5.	 Cyran E (1918) Hypophysenschädigung durch schädelbasisfrak-
tur. Dtsch Med Wochenschr 44(45):1261

	 6.	 Harper CG, Doyle D, Adams JH, Graham DI (1986) Analysis 
of abnormalities in pituitary gland in non-missile head injury: 
study of 100 consecutive cases. J Clin Pathol 39(7):769–773

	 7.	 Kibayashi K, Shimada R, Nakao K, Ro A (2012) Analysis of 
pituitary lesions in fatal closed head injury. Am J Forensic Med 
Pathol 33(3):206–210. https​://doi.org/10.1097/PAF.0b013​e3181​
fe33e​8

	 8.	 Schneider HJ, Kreitschmann-Andermahr I, Ghigo E, Stalla GK, 
Agha A (2007) Hypothalamopituitary dysfunction following 
traumatic brain injury and aneurysmal subarachnoid hemor-
rhage: a systematic review. JAMA 298(12):1429–1438. https​://
doi.org/10.1001/jama.298.12.1429

	 9.	 Tanriverdi F, Unluhizarci K, Kelestimur F (2010) Pituitary func-
tion in subjects with mild traumatic brain injury: a review of lit-
erature and proposal of a screening strategy. Pituitary 13(2):146–
153. https​://doi.org/10.1007/s1110​2-009-0215-x

	10.	 Agha A, Phillips J, O’Kelly P, Tormey W, Thompson CJ (2005) 
The natural history of post-traumatic hypopituitarism: implica-
tions for assessment and treatment. Am J Med 118(12):1416. https​
://doi.org/10.1016/j.amjme​d.2005.02.042

	11.	 Klose M, Juul A, Struck J, Morgenthaler NG, Kosteljanetz M, 
Feldt-Rasmussen U (2007) Acute and long-term pituitary insuf-
ficiency in traumatic brain injury: a prospective single-centre 
study. Clin Endocrinol (Oxf) 67(4):598–606. https​://doi.org/10
.1111/j.1365-2265.2007.02931​.x

	12.	 Tanriverdi F, De Bellis A, Ulutabanca H, Bizzarro A, Sinisi 
AA, Bellastella G, Paglionico A, Dalla Mora V, Selcuklu L, 
Unluhizarci A, Casanueva K, Kelestimur FF (2013) F.: A five year 
prospective investigation of anterior pituitary function after trau-
matic brain injury: is hypopituitarism long-term after head trauma 
associated with autoimmunity? J Neurotrauma 30(16):1426–1433. 
https​://doi.org/10.1089/neu.2012.2752

	13.	 Klose M, Stochholm K, Janukonyte J, Lehman Christensen L, 
Frystyk J, Andersen M, Laurberg P, Christiansen JS, Feldt-Ras-
mussen U (2014) Prevalence of posttraumatic growth hormone 
deficiency is highly dependent on the diagnostic set-up: results 
from The Danish National Study on Posttraumatic Hypopi-
tuitarism. J Clin Endocrinol Metab 99(1):101–110. https​://doi.
org/10.1210/jc.2013-2397

	14.	 Agha A, Rogers B, Sherlock M, O’Kelly P, Tormey W, Phillips J, 
Thompson CJ (2004) Anterior pituitary dysfunction in survivors 
of traumatic brain injury. J Clin Endocrinol Metab 89(10):4929–
4936. https​://doi.org/10.1210/jc.2004-0511

	15.	 Kokshoorn NE, Smit JW, Nieuwlaat WA, Tiemensma J, Bisschop 
PH, Veldman G, Roelfsema R, Franken F, Wassenaar AA, Bier-
masz MJ, Romijn NR, Pereira JA (2011) A.M.: Low prevalence 
of hypopituitarism after traumatic brain injury: a multicenter 
study. Eur J Endocrinol 165(2):225–231. https​://doi.org/10.1530/
EJE-11-0365

	16.	 Tanriverdi F, Senyurek H, Unluhizarci K, Selcuklu A, Casanueva 
FF, Kelestimur F (2006) High risk of hypopituitarism after trau-
matic brain injury: a prospective investigation of anterior pituitary 
function in the acute phase and 12 months after trauma. J Clin 

Endocrinol Metab 91(6):2105–2111. https​://doi.org/10.1210/
jc.2005-2476

	17.	 Agha A, Rogers B, Mylotte D, Taleb F, Tormey W, Phillips J, 
Thompson CJ (2004) Neuroendocrine dysfunction in the acute 
phase of traumatic brain injury. Clin Endocrinol (Oxf) 60(5):584–
591. https​://doi.org/10.1111/j.1365-2265.2004.02023​.x

	18.	 Hannon MJ, Crowley RK, Behan LA, O’Sullivan EP, O’Brien 
MM, Sherlock M, Rawluk D, O’Dwyer R, Tormey W, Thompson 
CJ (2013) Acute glucocorticoid deficiency and diabetes insipi-
dus are common after acute traumatic brain injury and predict 
mortality. J Clin Endocrinol Metab 98(8):3229–3237. https​://doi.
org/10.1210/jc.2013-1555

	19.	 Cohan P, Wang C, McArthur DL, Cook SW, Dusick JR, Armin 
B, Swerdloff R, Vespa P, Muizelaar JP, Cryer HG, Christenson 
PD, Kelly DF (2005) Acute secondary adrenal insufficiency 
after traumatic brain injury: a prospective study. Crit Care Med 
33(10):2358–2366

	20.	 Hackl JM, Gottardis M, Wieser CH, Rumpl E, Stadler C, Schwarz 
S, Monkayo R (1991) Endocrine abnormalities in severe traumatic 
brain injury—a cue to prognosis in severe craniocerebral trauma? 
Intensive Care Med 17(1):25–29

	21.	 Cernak I, Savic VJ, Lazarov A, Joksimovic M, Markovic S (1999) 
Neuroendocrine responses following graded traumatic brain injury 
in male adults. Brain injury 13(12):1005–1015

	22.	 Alavi SA, Tan CL, Menon DK, Simpson HL, Hutchinson 
PJ (2016) Incidence of pituitary dysfunction following trau-
matic brain injury: A prospective study from a regional neu-
rosurgical centre. Br J Neurosurg 30(3):302–306. https​://doi.
org/10.3109/02688​697.2015.11090​60

	23.	 Bensalah M, Donaldson M, Aribi Y, Iabassen M, Cherfi L, Nebbal 
M, Medjaher M, Haffaf E, Abdennebi B, Guenane K, Djermane 
A, Kemali Z, OuldKablia S (2018) Cortisol evaluation during 
the acute phase of traumatic brain injury-A prospective study. 
Clin Endocrinol (Oxf) 88(5):627–636. https​://doi.org/10.1111/
cen.13562​

	24.	 Tanriverdi F, Ulutabanca H, Unluhizarci K, Selcuklu A, Casa-
nueva FF, Kelestimur F (2008) Three years prospective investiga-
tion of anterior pituitary function after traumatic brain injury: a 
pilot study. Clin Endocrinol (Oxf) 68(4):573–579. https​://doi.org
/10.1111/j.1365-2265.2007.03070​.x

	25.	 Kokshoorn NE, Wassenaar MJ, Biermasz NR, Roelfsema F, Smit 
JW, Romijn JA, Pereira AM (2010) Hypopituitarism following 
traumatic brain injury: prevalence is affected by the use of differ-
ent dynamic tests and different normal values. Eur J Endocrinol 
162(1):11–18. https​://doi.org/10.1530/EJE-09-0601

	26.	 Klose M, Juul A, Poulsgaard L, Kosteljanetz M, Brennum J, Feldt-
Rasmussen U (2007) Prevalence and predictive factors of post-
traumatic hypopituitarism. Clin Endocrinol (Oxf) 67(2):193–201. 
https​://doi.org/10.1111/j.1365-2265.2007.02860​.x

	27.	 Kelly DF, Gaw Gonzalo IT, Cohan P, Berman N, Swerdloff 
R, Wang C (2000) Hypopituitarism following traumatic brain 
injury and aneurysmal subarachnoid hemorrhage: a preliminary 
report. J Neurosurg 93(5):743–752. https​://doi.org/10.3171/
jns.2000.93.5.0743

	28.	 Bondanelli M, De Marinis L, Ambrosio MR, Monesi M, Valle 
D, Zatelli MC, Fusco A, Bianchi A, Farneti M, Degli ECI (2004) 
Occurrence of pituitary dysfunction following traumatic brain 
injury. J Neurotrauma 21(6):685–696

	29.	 Bavisetty S, McArthur DL, Dusick JR, Wang C, Cohan P, Boscar-
din WJ, Swerdloff R, Levin H, Chang DJ, Muizelaar JP, Kelly 
DF (2008) Chronic hypopituitarism after traumatic brain injury: 
risk assessment and relationship to outcome. Neurosurgery 
62(5):1080–1093. https​://doi.org/10.1227/01.neu.00003​25870​
.60129​.6a discussion 1093 – 1084

	30.	 Silva PP, Bhatnagar S, Herman SD, Zafonte R, Klibanski A, 
Miller KK, Tritos NA (2015) Predictors of hypopituitarism in 

https://doi.org/10.1007/s00701-005-0651-y
https://doi.org/10.1007/s00701-005-0651-y
https://doi.org/10.15585/mmwr.ss6609a1
https://doi.org/10.1097/PAF.0b013e3181fe33e8
https://doi.org/10.1097/PAF.0b013e3181fe33e8
https://doi.org/10.1001/jama.298.12.1429
https://doi.org/10.1001/jama.298.12.1429
https://doi.org/10.1007/s11102-009-0215-x
https://doi.org/10.1016/j.amjmed.2005.02.042
https://doi.org/10.1016/j.amjmed.2005.02.042
https://doi.org/10.1111/j.1365-2265.2007.02931.x
https://doi.org/10.1111/j.1365-2265.2007.02931.x
https://doi.org/10.1089/neu.2012.2752
https://doi.org/10.1210/jc.2013-2397
https://doi.org/10.1210/jc.2013-2397
https://doi.org/10.1210/jc.2004-0511
https://doi.org/10.1530/EJE-11-0365
https://doi.org/10.1530/EJE-11-0365
https://doi.org/10.1210/jc.2005-2476
https://doi.org/10.1210/jc.2005-2476
https://doi.org/10.1111/j.1365-2265.2004.02023.x
https://doi.org/10.1210/jc.2013-1555
https://doi.org/10.1210/jc.2013-1555
https://doi.org/10.3109/02688697.2015.1109060
https://doi.org/10.3109/02688697.2015.1109060
https://doi.org/10.1111/cen.13562
https://doi.org/10.1111/cen.13562
https://doi.org/10.1111/j.1365-2265.2007.03070.x
https://doi.org/10.1111/j.1365-2265.2007.03070.x
https://doi.org/10.1530/EJE-09-0601
https://doi.org/10.1111/j.1365-2265.2007.02860.x
https://doi.org/10.3171/jns.2000.93.5.0743
https://doi.org/10.3171/jns.2000.93.5.0743
https://doi.org/10.1227/01.neu.0000325870.60129.6a
https://doi.org/10.1227/01.neu.0000325870.60129.6a


259Pituitary (2019) 22:249–260	

1 3

patients with traumatic brain injury. J Neurotrauma 32(22):1789–
1795. https​://doi.org/10.1089/neu.2015.3998

	31.	 Schneider M, Schneider HJ, Yassouridis A, Saller B, von Rosen 
F, Stalla GK (2008) Predictors of anterior pituitary insufficiency 
after traumatic brain injury. Clin Endocrinol (Oxf) 68(2):206–212. 
https​://doi.org/10.1111/j.1365-2265.2007.03020​.x

	32.	 Zheng P, He B, Guo Y, Zeng J, Tong W (2015) Decreased appar-
ent diffusion coefficient in the pituitary and correlation with hypo-
pituitarism in patients with traumatic brain injury. J Neurosurg 
123(1):75–80. https​://doi.org/10.3171/2014.12.JNS13​2308

	33.	 Tanriverdi F, Schneider HJ, Aimaretti G, Masel BE, Casanueva 
FF, Kelestimur F (2015) Pituitary dysfunction after traumatic 
brain injury: a clinical and pathophysiological approach. Endocr 
Rev 36(3):305–342. https​://doi.org/10.1210/er.2014-1065

	34.	 Aimaretti G, Ambrosio MR, Di Somma C, Gasperi M, Cannavo 
S, Scaroni C, Fusco A, Del Monte P, De Menis E, Faustini-Fustini 
M, Grimaldi F, Logoluso F, Razzore P, Rovere S, Benvenga S, 
Uberti D, De Marinis EC, Lombardi L, Mantero G, Martino F, 
Giordano E, Ghigo G (2005) E.: Residual pituitary function after 
brain injury-induced hypopituitarism: a prospective 12-month 
study. J Clin Endocrinol Metab 90(11):6085–6092. https​://doi.
org/10.1210/jc.2005-0504

	35.	 Schneider HJ, Schneider M, Saller B, Petersenn S, Uhr M, Huse-
mann B, von Rosen F, Stalla GK (2006) Prevalence of anterior 
pituitary insufficiency 3 and 12 months after traumatic brain 
injury. Eur J Endocrinol 154(2):259–265. https​://doi.org/10.1530/
eje.1.02071​

	36.	 Lauzier F, Turgeon AF, Boutin A, Shemilt M, Côté I, Lachance O, 
Archambault PM, Lamontagne F, Moore L, Bernard F, Gagnon 
C, Cook D (2014) Clinical outcomes, predictors, and prevalence 
of anterior pituitary disorders following traumatic brain injury: 
a systematic review. Crit Care Med 42(3):712–721. https​://doi.
org/10.1097/CCM.00000​00000​00004​6

	37.	 Agha A, Thornton E, O’Kelly P, Tormey W, Phillips J, Thompson 
CJ (2004) Posterior pituitary dysfunction after traumatic brain 
injury. J Clin Endocrinol Metab 89(12):5987–5992. https​://doi.
org/10.1210/jc.2004-1058

	38.	 Hadjizacharia P, Beale EO, Inaba K, Chan LS, Demetriades D 
(2008) Acute diabetes insipidus in severe head injury: a pro-
spective study. J Am Coll Surg 207(4):477–484. https​://doi.
org/10.1016/j.jamco​llsur​g.2008.04.017

	39.	 Benvenga S, Campenni A, Ruggeri RM, Trimarchi F (2000) Clini-
cal review 113: hypopituitarism secondary to head trauma. J Clin 
Endocrinol Metab 85(4):1353–1361. https​://doi.org/10.1210/
jcem.85.4.6506

	40.	 Karali V, Massa E, Vassiliadou G, Chouris I, Rodin I, Bitzani 
M (2008) Evaluation of development of diabetes insipidus in 
the early phase following traumatic brain injury in critically ill 
patients. Crit Care 12(2):P130. https​://doi.org/10.1186/cc635​1

	41.	 Boughey JC, Yost MJ, Bynoe RP (2004) Diabetes insipidus in the 
head-injured patient. Am Surg 70(6):500–503

	42.	 Wong MF, Chin NM, Lew TW (1998) Diabetes insipidus in neu-
rosurgical patients. Ann Acad Med Singapore 27(3):340–343

	43.	 Maggiore U, Picetti E, Antonucci E, Parenti E, Regolisti G, Mer-
goni M, Vezzani A, Cabassi A, Fiaccadori E (2009) The relation 
between the incidence of hypernatremia and mortality in patients 
with severe traumatic brain injury. Crit Care 13(4):R110

	44.	 Tanriverdi F, Unluhizarci K, Kocyigit I, Tuna IS, Karaca Z, Durak 
AC, Selcuklu A, Casanueva FF, Kelestimur F (2008) Brief com-
munication: pituitary volume and function in competing and 
retired male boxers. Ann Intern Med 148(11):827–831

	45.	 Tanriverdi F, Unluhizarci K, Coksevim B, Selcuklu A, Casa-
nueva FF, Kelestimur F (2007) Kickboxing sport as a new 
cause of traumatic brain injury-mediated hypopituitarism. 
Clin Endocrinol (Oxf) 66(3):360–366. https​://doi.org/10.111
1/j.1365-2265.2006.02737​.x

	46.	 Kelly DF, Chaloner C, Evans D, Mathews A, Cohan P, Wang C, 
Swerdloff R, Sim MS, Lee J, Wright MJ, Kernan C, Barkhoudar-
ian G, Yuen KC, Guskiewicz K (2014) Prevalence of pituitary 
hormone dysfunction, metabolic syndrome, and impaired qual-
ity of life in retired professional football players: a prospective 
study. J Neurotrauma 31(13):1161–1171. https​://doi.org/10.1089/
neu.2013.3212

	47.	 Wilkinson CW, Pagulayan KF, Petrie EC, Mayer CL, Colasurdo 
EA, Shofer JB, Hart KL, Hoff D, Tarabochia MA, Peskind ER 
(2012) High prevalence of chronic pituitary and target-organ hor-
mone abnormalities after blast-related mild traumatic brain injury. 
Front Neurol 3:11. https​://doi.org/10.3389/fneur​.2012.00011​

	48.	 Tanriverdi F, Unluhizarci K, Karaca Z, Casanueva FF, Kelestimur 
F (2010) Hypopituitarism due to sports related head trauma and 
the effects of growth hormone replacement in retired amateur 
boxers. Pituitary 13(2):111–114. https​://doi.org/10.1007/s1110​
2-009-0204-0

	49.	 Tanriverdi F, Unluhizarci K, Selcuklu A, Casanueva FF, 
Kelestimur F (2007) Transient hypogonadotropic hypogonadism 
in an amateur kickboxer after head trauma. J Endocrinol Invest 
30(2):150–152

	50.	 Undurti A, Colasurdo EA, Sikkema CL, Schultz JS, Peskind ER, 
Pagulayan KF, Wilkinson CW (2018) Chronic hypopituitarism 
associated with increased postconcussive symptoms is prevalent 
after blast-induced mild traumatic brain injury. Front Neurol 9:72. 
https​://doi.org/10.3389/fneur​.2018.00072​

	51.	 Baxter D, Sharp DJ, Feeney C, Papadopoulou D, Ham TE, Jilka 
S, Hellyer PJ, Patel MC, Bennett AN, Mistlin A, McGilloway E, 
Midwinter M, Goldstone AP (2013) Pituitary dysfunction after 
blast traumatic brain injury: The UK BIOSAP study. Ann Neurol 
74(4):527–536. https​://doi.org/10.1002/ana.23958​

	52.	 Foley CM, Wang DH (2012) Central diabetes insipidus following 
a sports-related concussion: a case report. Sports Health 4(2):139–
141. https​://doi.org/10.1177/19417​38111​43427​5

	53.	 Zhou Y (2017) Abnormal structural and functional hypothalamic 
connectivity in mild traumatic brain injury. J Magn Reson Imag-
ing 45(4):1105–1112. https​://doi.org/10.1002/jmri.25413​

	54.	 Kelly P, Farrant B (2008) Shaken baby syndrome in New Zealand, 
2000–2002. J Paediatr Child Health 44(3):99–107. https​://doi.org
/10.1111/j.1440-1754.2007.01234​.x

	55.	 Corrigan JD, Selassie AW, Orman JA (2010) The epidemiology of 
traumatic brain injury. J Head Trauma Rehabil 25(2):72–80. https​
://doi.org/10.1097/HTR.0b013​e3181​ccc8b​4

	56.	 Heather NL, Jefferies C, Hofman PL, Derraik JG, Brennan C, 
Kelly P, Hamill JK, Jones RG, Rowe DL, Cutfield WS (2012) 
Permanent hypopituitarism is rare after structural traumatic brain 
injury in early childhood. J Clin Endocrinol Metab 97(2):599–
604. https​://doi.org/10.1210/jc.2011-2284

	57.	 Casano-Sancho P, Suárez L, Ibáñez L, García-Fructuoso G, 
Medina J, Febrer A (2013) Pituitary dysfunction after traumatic 
brain injury in children: is there a need for ongoing endocrine 
assessment? Clin Endocrinol (Oxf) 79(6):853–858. https​://doi.
org/10.1111/cen.12237​

	58.	 Bellone S, Einaudi S, Caputo M, Prodam F, Busti A, Belcastro 
S, Parlamento S, Zavattaro M, Verna F, Bondone C, Tessaris D, 
Gasco V, Bona G, Aimaretti G (2013) Measurement of height 
velocity is an useful marker for monitoring pituitary function in 
patients who had traumatic brain injury. Pituitary 16(4):499–506. 
https​://doi.org/10.1007/s1110​2-012-0446-0

	59.	 Einaudi S, Matarazzo P, Peretta P, Grossetti R, Giordano F, Altare 
F, Bondone C, Andreo M, Ivani G, Genitori L, de Sanctis C (2006) 
Hypothalamo-hypophysial dysfunction after traumatic brain 
injury in children and adolescents: a preliminary retrospective 
and prospective study. J Pediatr Endocrinol Metab 19(5):691–703

	60.	 Personnier C, Crosnier H, Meyer P, Chevignard M, Flechtner 
I, Boddaert N, Breton S, Mignot C, Dassa Y, Souberbielle JC, 

https://doi.org/10.1089/neu.2015.3998
https://doi.org/10.1111/j.1365-2265.2007.03020.x
https://doi.org/10.3171/2014.12.JNS132308
https://doi.org/10.1210/er.2014-1065
https://doi.org/10.1210/jc.2005-0504
https://doi.org/10.1210/jc.2005-0504
https://doi.org/10.1530/eje.1.02071
https://doi.org/10.1530/eje.1.02071
https://doi.org/10.1097/CCM.0000000000000046
https://doi.org/10.1097/CCM.0000000000000046
https://doi.org/10.1210/jc.2004-1058
https://doi.org/10.1210/jc.2004-1058
https://doi.org/10.1016/j.jamcollsurg.2008.04.017
https://doi.org/10.1016/j.jamcollsurg.2008.04.017
https://doi.org/10.1210/jcem.85.4.6506
https://doi.org/10.1210/jcem.85.4.6506
https://doi.org/10.1186/cc6351
https://doi.org/10.1111/j.1365-2265.2006.02737.x
https://doi.org/10.1111/j.1365-2265.2006.02737.x
https://doi.org/10.1089/neu.2013.3212
https://doi.org/10.1089/neu.2013.3212
https://doi.org/10.3389/fneur.2012.00011
https://doi.org/10.1007/s11102-009-0204-0
https://doi.org/10.1007/s11102-009-0204-0
https://doi.org/10.3389/fneur.2018.00072
https://doi.org/10.1002/ana.23958
https://doi.org/10.1177/1941738111434275
https://doi.org/10.1002/jmri.25413
https://doi.org/10.1111/j.1440-1754.2007.01234.x
https://doi.org/10.1111/j.1440-1754.2007.01234.x
https://doi.org/10.1097/HTR.0b013e3181ccc8b4
https://doi.org/10.1097/HTR.0b013e3181ccc8b4
https://doi.org/10.1210/jc.2011-2284
https://doi.org/10.1111/cen.12237
https://doi.org/10.1111/cen.12237
https://doi.org/10.1007/s11102-012-0446-0


260	 Pituitary (2019) 22:249–260

1 3

Piketty M, Laborde K, Jais JP, Viaud M, Puget S, Sainte-Rose C, 
Polak M (2014) Prevalence of pituitary dysfunction after severe 
traumatic brain injury in children and adolescents: a large pro-
spective study. J Clin Endocrinol Metab 99(6):2052–2060. https​
://doi.org/10.1210/jc.2013-4129

	61.	 Kaulfers AM, Backeljauw PF, Reifschneider K, Blum S, Michaud 
L, Weiss M, Rose SR (2010) Endocrine dysfunction following 
traumatic brain injury in children. J Pediatr 157(6):894–899. https​
://doi.org/10.1016/j.jpeds​.2010.07.004

	62.	 Casano-Sancho P (2017) Pituitary dysfunction after traumatic 
brain injury: are there definitive data in children? Arch Dis Child 
102(6):572

	63.	 Agha A, Sherlock M, Thompson CJ (2005) Post-traumatic 
hyponatraemia due to acute hypopituitarism. QJM 98(6):463–464. 
https​://doi.org/10.1093/qjmed​/hci07​5

	64.	 Hannon MJ, Behan CR, O’Sullivan LA, Rogers EP, O’Brien B, 
Rawluk MC, O’Dwyer D, Agha R, Thompson C (2011) Low total 
cortisol correlates closely with low free cortisol in traumatic brain 
injury and predicts mortality and long-term hypopituitarism. 
Endocr Rev 32(03):R28–24 Meeting Abstracts O

	65.	 Tritos NA, Yuen KC, Kelly DF, Committee ANaPS: American 
Association of Clinical Endocrinologists and American College of 
Endocrinology Disease State Clinical Review (2015) A neuroen-
docrine approach to patients with traumatic brain injury. Endocr 
Pract 21(7), 823–831. https​://doi.org/10.4158/EP145​67.DSCR

	66.	 Tan CL, Alavi SA, Baldeweg SE, Belli A, Carson A, Feeney C, 
Goldstone AP, Greenwood R, Menon DK, Simpson HL, Toogood 
AA, Gurnell M, Hutchinson PJ (2017) The screening and manage-
ment of pituitary dysfunction following traumatic brain injury in 
adults: British Neurotrauma Group guidance. J Neurol Neurosurg 
Psychiatry 88(11):971–981. https​://doi.org/10.1136/jnnp-2016-
31550​0

	67.	 Ghigo E, Masel B, Aimaretti G, Léon-Carrión J, Casanueva 
FF, Dominguez-Morales MR, Elovic E, Perrone K, Stalla G, 
Thompson C, Urban R (2005) Consensus guidelines on screen-
ing for hypopituitarism following traumatic brain injury. Brain Inj 
19(9):711–724. https​://doi.org/10.1080/02699​05040​00253​15

	68.	 Seckl J, Dunger D (1989) Postoperative diabetes insipidus. BMJ 
298(6665):2–3

	69.	 Group M (2009) o.C.m.W.: VA/DoD Clinical Practice Guideline 
for Management of Concussion/Mild Traumatic Brain Injury. J 
Rehabil Res Dev 46(6):CP1–C68

	70.	 Marshall LF, Marshall SB, Klauber MR, Van Berkum Clark M, 
Eisenberg H, Jane JA, Luerssen TG, Marmarou A, Foulkes MA 
(1992) The diagnosis of head injury requires a classification 
based on computed axial tomography. J Neurotrauma 9(Suppl 
1):S287–S292

	71.	 van der Eerden AW, Twickler MT, Sweep FC, Beems T, Hen-
dricks HT, Hermus AR, Vos PE (2010) Should anterior pituitary 
function be tested during follow-up of all patients presenting at 
the emergency department because of traumatic brain injury? Eur 
J Endocrinol 162(1):19–28. https​://doi.org/10.1530/EJE-09-0436

	72.	 Glynn N, Agha A (2013) Which patient requires neuroendocrine 
assessment following traumatic brain injury, when and how? Clin 
Endocrinol (Oxf) 78(1):17–20. https​://doi.org/10.1111/cen.12010​

	73.	 Agha A, Tomlinson JW, Clark PM, Holder G, Stewart PM (2006) 
The long-term predictive accuracy of the short synacthen (cor-
ticotropin) stimulation test for assessment of the hypothalamic-
pituitary-adrenal axis. J Clin Endocrinol Metab 91(1):43–47. https​
://doi.org/10.1210/jc.2005-1131

	74.	 Molitch ME, Clemmons DR, Malozowski S, Merriam GR, Vance 
ML, Society E (2011) Evaluation and treatment of adult growth 
hormone deficiency: an Endocrine Society clinical practice 
guideline. J Clin Endocrinol Metab 96(6):1587–1609. https​://doi.
org/10.1210/jc.2011-0179

	75.	 Corneli G, Di Somma C, Baldelli R, Rovere S, Gasco V, Croce 
CG, Grottoli S, Maccario M, Colao A, Lombardi G, Ghigo E, 
Camanni F, Aimaretti G (2005) The cut-off limits of the GH 
response to GH-releasing hormone-arginine test related to 
body mass index. Eur J Endocrinol 153(2):257–264. https​://doi.
org/10.1530/eje.1.01967​

	76.	 Dichtel LE, Yuen KC, Bredella MA, Gerweck AV, Russell BM, 
Riccio AD, Gurel MH, Sluss PM, Biller BM, Miller KK (2014) 
Overweight/Obese adults with pituitary disorders require lower 
peak growth hormone cutoff values on glucagon stimulation test-
ing to avoid overdiagnosis of growth hormone deficiency. J Clin 
Endocrinol Metab 99(12):4712–4719. https​://doi.org/10.1210/
jc.2014-2830

	77.	 Hannon MJ, Finucane FM, Sherlock M, Agha A, Thompson CJ 
(2012) Clinical review: disorders of water homeostasis in neuro-
surgical patients. J Clin Endocrinol Metab 97(5):1423–1433. https​
://doi.org/10.1210/jc.2011-3201

	78.	 Kozlowski Moreau O, Yollin E, Merlen E, Daveluy W, Rousseaux 
M (2012) Lasting pituitary hormone deficiency after traumatic 
brain injury. J Neurotrauma 29(1):81–89. https​://doi.org/10.1089/
neu.2011.2048

	79.	 Krahulik D, Zapletalova J, Frysak Z, Vaverka M (2010) Dys-
function of hypothalamic-hypophysial axis after traumatic 
brain injury in adults. J Neurosurg 113(3):581–584. https​://doi.
org/10.3171/2009.10.JNS09​930

	80.	 Berg C, Oeffner A, Schumm-Draeger PM, Badorrek F, Brabant 
G, Gerbert B, Bornstein S, Zimmermann A, Weber M, Broecker-
Preuss M, Mann K, Herrmann BL (2010) Prevalence of anterior 
pituitary dysfunction in patients following traumatic brain injury 
in a German multi-centre screening program. Exp Clin Endocrinol 
Diabetes 118(2):139–144. https​://doi.org/10.1055/s-0029-12256​
11

	81.	 Kleindienst A, Brabant G, Bock C, Maser-Gluth C, Buchfelder M 
(2009) Neuroendocrine function following traumatic brain injury 
and subsequent intensive care treatment: a prospective longitu-
dinal evaluation. J Neurotrauma 26(9):1435–1446. https​://doi.
org/10.1089/neu.2008.0601

	82.	 Leal-Cerro A, Flores JM, Rincon M, Murillo F, Pujol M, Gar-
cia-Pesquera F, Dieguez C, Casanueva FF (2005) Prevalence of 
hypopituitarism and growth hormone deficiency in adults long-
term after severe traumatic brain injury. Clin Endocrinol (Oxf) 
62(5):525–532. https​://doi.org/10.1111/j.1365-2265.2005.02250​
.x

	83.	 Bondanelli M, De Marinis L, Ambrosio MR, Monesi M, Valle 
D, Zatelli MC, Fusco A, Bianchi A, Farneti M, degli Uberti 
EC (2004) Occurrence of pituitary dysfunction following trau-
matic brain injury. J Neurotrauma 21(6):685–696. https​://doi.
org/10.1089/08977​15041​26971​3

	84.	 Popovic V, Pekic S, Pavlovic D, Maric N, Jasovic-Gasic M, Dju-
rovic B, Medic-Stojanoska M, Zivkovic V, Stojanovic M, Doknic 
M, Milic N, Djurovic M, Dieguez C, Casanueva FF (2004) Hypo-
pituitarism as a consequence of traumatic brain injury (TBI) and 
its possible relation with cognitive disabilities andmental distress. 
J Endocrinol Invest 27(11):1048–1054. https​://doi.org/10.1007/
BF033​45308​

https://doi.org/10.1210/jc.2013-4129
https://doi.org/10.1210/jc.2013-4129
https://doi.org/10.1016/j.jpeds.2010.07.004
https://doi.org/10.1016/j.jpeds.2010.07.004
https://doi.org/10.1093/qjmed/hci075
https://doi.org/10.4158/EP14567.DSCR
https://doi.org/10.1136/jnnp-2016-315500
https://doi.org/10.1136/jnnp-2016-315500
https://doi.org/10.1080/02699050400025315
https://doi.org/10.1530/EJE-09-0436
https://doi.org/10.1111/cen.12010
https://doi.org/10.1210/jc.2005-1131
https://doi.org/10.1210/jc.2005-1131
https://doi.org/10.1210/jc.2011-0179
https://doi.org/10.1210/jc.2011-0179
https://doi.org/10.1530/eje.1.01967
https://doi.org/10.1530/eje.1.01967
https://doi.org/10.1210/jc.2014-2830
https://doi.org/10.1210/jc.2014-2830
https://doi.org/10.1210/jc.2011-3201
https://doi.org/10.1210/jc.2011-3201
https://doi.org/10.1089/neu.2011.2048
https://doi.org/10.1089/neu.2011.2048
https://doi.org/10.3171/2009.10.JNS09930
https://doi.org/10.3171/2009.10.JNS09930
https://doi.org/10.1055/s-0029-1225611
https://doi.org/10.1055/s-0029-1225611
https://doi.org/10.1089/neu.2008.0601
https://doi.org/10.1089/neu.2008.0601
https://doi.org/10.1111/j.1365-2265.2005.02250.x
https://doi.org/10.1111/j.1365-2265.2005.02250.x
https://doi.org/10.1089/0897715041269713
https://doi.org/10.1089/0897715041269713
https://doi.org/10.1007/BF03345308
https://doi.org/10.1007/BF03345308

	The frequency and the diagnosis of pituitary dysfunction after traumatic brain injury
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Prevalence of hypopituitarism following TBI
	Acute hypopituitarism
	Anterior pituitary dysfunction

	Chronic hypopituitarism
	Natural history
	Prevalence of chronic hypopituitarism
	Neurohypophyseal damage
	Hypopituitarism following concussion
	Pituitary dysfunction after childhood TBI

	Diagnosis of pituitary dysfunction after TBI
	Acute phase
	Chronic phase
	Case detection
	Hormonal evaluation

	Central diabetes insipidus

	Conclusion
	References


