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Objectives
•Describe the pathophysiology of pituitary 
complications in traumatic brain injuries 
(TBI)

•Review the current literature regarding the 
prevalence, predictors and clinical 
impacts of pituitary complications in this 
population

•Present the objectives of the PIT-TBI 
pilot study



Where this idea is coming 
from?

Cyr A et al., CMAJ 2004;171:1433-4

43 concussions
Delayed growth 
Delayed onset of puberty 
Lack of libido



Post-mortem lesions

Compton R, Brain 1971;94:165-72
Daniel PM et al., J Pathol 1973;111:135-8  

Microhemorrhages of 
the hypothalamus

Anterior pituitary 
infarct

50 %



Harrison’s Principles of Internal Medicine, 18th Edition: www.accessmedicine.com



Magnetic resonance imaging

Maiya B et al., Intens Care Med 2008;34:468-75

Early MRI :
Abnormal findings in 30 % 

Late MRI :
Decreased in pituitary size

472

Fig. 1 Box plot showing increased pituitary volume after acute trau-
matic brain injury. The central line of the boxes represents the me-
dian, the upper and lower lines of the boxes represent the 75th and
the 25th percentiles respectively, and the short horizontal bars at the
ends represent the 90th and the 10th percentiles

gland with bulging superior margin (n = 5), heterogeneous
signal in the anterior lobe (n = 2; Fig. 2) and partial
transection of the infundibular stalk (n = 1).

Twenty-two patients sustained skull fractures; in 8 the
fracture involved the base of the skull. Four of these 8
patients (case nos. 18, 20, 26 and 41) had fracture lines
through the sella turcica. All these patients had pituitary
changes that were visible on MRI. Six of the 41 patients
showed evidence of a midline shift on the admission CT
scan. Only 1 of these 6 patients had structural changes in
the gland.

Follow-up scans

Fifteen patients underwent follow-up scans at varying
time intervals after the first admission scan (median 12
(range 8–15months); Fig. 3). The pituitary gland volumes
were significantly reduced compared with the acute scans

Fig. 4 Acute and follow-up
scans (11 months post-injury)
of case 1. The follow-up images
show an atrophic pituitary gland
(white arrowheads) compared
with the acute scan (white
arrow)

Fig. 2 Axial view (case 3) showing haemorrhage in the anterior lobe
of the pituitary gland (white arrowhead)

Fig. 3 Changes in pituitary volumes in individual cases between
acute and follow-up scans (n = 15; p = 0.03)
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Zheng P et al., J Neurosurg 2015;123:75-80

Apparent Diffusion Coefficient

ADC at 2 weeks might be associated with pituitary 
disorders at 6 months



Auto-immunity?

Tanriverdi F et al., J Neurotrauma 2013;30:1426-33

• 25 patients from 1 center

• 50 % with pituitary disorder 
at 1 year

• No antibodies in non-TBI pts

• Anti-hypothalamus 
antibodies

• In 71 % of pts with pituitary 
disorders (vs. 17%)

• Anti-pituitary antibodies

• In 80 % of pts with pituitary 
disorders (vs. 20%)



Genotype APO E3/E3?

Tanriverdi F et al., J Neurotrauma 2008;25:1071-7

Protecting effect?
Odds ratio: 0.3 (95 %: CI 0.11-0.78)



What is the real 
prevalence of 

pituitary disorders 
following TBI?





Systematic search

•Inclusion criteria
• Any study design including at least 5 TBI adults for 
whom at least one pituitary axis was assessed

•Exclusion criteria
• No control group, mixed population with no distinction 
of patients with other acute neurological conditions 

•13,559 records reviewed
• 66 articles included for prevalence

• 27 articles included for predictors

• 14 articles for clinical outcomes

Lauzier F et al., Crit Care Med 2014;42:712-21



•Description of inclusion/exclusion criteria 
(56 % of studies)

•No voluntary sampling (24% of studies)

•Description of diagnostic criteria

•> 90 % of eligible patients underwent 
appropriate diagnostic testing

Risk of bias evaluated for each pituitary 
axis and each time-frame

Low risk of bias if

Lauzier F et al., Crit Care Med 2014;42:712-21



At least one pituitary deficit

Around 30 % at one year



Growth hormone deficit

Around 15 % at one year



Hypogonadism

Around 10 % at one year



Adrenal failure

Around 7 % at one year



Hypothyroidism

Around 4 % at one year



Could some 
predictors help to 
inform targeted 

screening? 



TBI severity

Skull fracture



Do pituitary 
disorders really 

affect TBI outcomes?





Could hormonal 
replacement therapy 
improve outcomes?



Asehnoune K et al., Lancet Respir Med 2014; 2: 706–16 

Hydrocortisone 200 mg die for 7 days, 100 mg for 2 
days, 50 mg for 1 day + fludrocortisone

Low doses of corticosteroids 
in the acute phase?

HR for pneumonia: 

0.75, 95% CI 0.55-1.03



Progesterone 
in the acute phase?

Skolnick BE et coll., NEJM 2014;371:2467-76
Wright DW et coll., NEJM 2014;371:2457-66



Level of evidence
• 1 RCT (n=21)1

1High Jr. WM  et coll, J Neurotrauma 2010;27:1565-75 

Growth hormone
in the chronic phase?

Modest improvement in 
processing speed



Level of evidence
• 1 RCT (n=21)1

• 1 non randomized study 
including some patients with 
no GH deficit (n=50)2

1High Jr. WM  et coll, J Neurotrauma 2010;27:1565-75 
2Moreau OK et coll, J Neurotrauma 2013;30:998-1006 

Growth hormone
in the chronic phase?

Modest improvement in 
quality of life



Level of evidence
• 1 RCT (n=21)1

• 1 non randomized study 
including some patients with 
no GH deficit (n=50)2

• Case series (n=1613)

1High Jr. WM  et coll, J Neurotrauma 2010;27:1565-75 
2Moreau OK et coll, J Neurotrauma 2013;30:998-1006

3Gardner CH et coll,  Eur J Endocrinol 2015;172:371-81 

Growth hormone
in the chronic phase?

Modest improvement in 
quality of life



Level of evidence
• 1 RCT (n=21)1

• 1 non randomized study 
including some patients with 
no GH deficit (n=50)2

• Case series (n=1613, n =114)

1High Jr. WM  et coll, J Neurotrauma 2010;27:1565-75 
2Moreau OK et coll, J Neurotrauma 2013;30:998-1006

3Gardner CH et coll,  Eur J Endocrinol 2015;172:371-81 
4Reimunde P et coll, Brain Inj 2011;25:65-73 

Growth hormone
in the chronic phase?

Modest improvement in 
intelligence quotient

Results

Control group and study group

IGF-I plasma levels significantly increased (p< 0.01)

after 3-months GH treatment in the study group

(IGF-I: 58 þ 14 vs. 285 þ 33 ngdL 1, mean þ SD,

baseline and 3 months, respectively), reaching values

similar to those in the control group (302 þ

53 ngdL 1, mean þ SD). A similar increase in

plasma IGFBP3 was observed after GH treatment

in GHD patients (data not shown).

In the control group, the WAIS test showed that

cognitive rehabilitation achieved significant improve-

ments in digitsand in manipulativeintelligencequotient

(IQ) (p< 0.05) (Figure 1).

In the study group, the combined treatment

involving rhGH and cognitive rehabilitation led to

significant improvements in more cognitive

parameters: understanding, digits, numbers and

incomplete figures (p< 0.05) and similarities,

vocabulary, verbal IQ, manipulative IQ and total IQ

(p< 0.01) (Figure 2).

Study group vs. control group

Data obtained in pre-treatment assessment showed

that no significant differences exist between both

groups for any parameter evaluated.

However, when comparing the percentages of

improvement from baseline in both groups for each

of the parameters assessed by the WAIS, the study

group reached significantly greater improvements

than the control group in similarities (p< 0.01) and

in vocabulary, verbal IQ and total IQ (p< 0.05)

(Figure 3).

D iscussion

T his study is a pilot study which tried to avoid

external factors which lead to misinterpretate the

results obtained. T hese factors include demograph-

ical conditions, kind of brain injury, therapist or

examiner bias.

As described above, individuals without GHD

treated only with cognitive rehabilitation performed

better the digits test and obtained a better score in

Figure 2. Study group results. Pre-treatment (white bars) and post-treatment (grey bars) means and standard errors for each specific

assessment. Statistical significance was calculated from data obtained in the WAIS test before treatment and after 3 months of it (Wilcoxon

signed-rank test). T he combined treatment involving rhGH and cognitive rehabilitation led to significant improvements in multiple

cognitive parameters: understanding, digits, numbers and incomplete figures (p< 0.05) and similarities, vocabulary, verbal IQ, manipulative IQ

and total IQ (p< 0.01). (a) Simple assessments. (b) Complex assessments, involving several simple assessments.

Figure 1. Control group results. Pre-treatment (white bars) and post-treatment (grey bars) means and standard errors for each specific

assessment. Statistical significance was calculated from data obtained in the WAIS test before treatment and after 3 months of it (Wilcoxon

signed-rank test). Data from WAIS test showed that cognitive rehabilitation achieved significant improvements in digits and in

manipulative intelligence quotient (IQ) (p< 0.05). (a) Simple assessments. (b) Complex assessments, involving several simple assessments.

GH and cognitive rehabilitation 69
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Level of evidence
• 1 RCT (n=21)1

• 1 non randomized study 
including some patients with 
no GH deficit (n=50)2

• Case series (n=1613, n =114)

1High Jr. WM  et coll, J Neurotrauma 2010;27:1565-75 
2Moreau OK et coll, J Neurotrauma 2013;30:998-1006 

3Gardner CH et coll,  Eur J Endocrinol 2015;172:371-81 
4Reimunde P et coll, Brain Inj 2011;25:65-73 

Growth hormone
in the chronic phase?

Ready for an RCT?
A sufficiently powered RCT to assess the effect of 
GH on neurological prognosis or depression risk 

would cost more than $ 3 millions



Why the PIT-TBI study 
is needed now?

Additive contribution of pituitary disorders to the 
debilitating symptoms experienced by TBI survivors?

1Hellawell DJ et el., Brain Injury 1999;171:489-504
2Bombardier CH et al., JAMA 2010; 303:1938-45 

3Samuels MH et al., Curr Opin Endocrinol Diabetes Obes 2014;21:377-83
4Giusti M et al., Eur J Clin Invest 1998;28:13-9

5Morselli, LL et al., Eur J Endocrinol 2013;168:763-70
6Bhasin S et al., J Clin Endocrinol Metab 2010;95:2536-59

Symptoms TBI1,2 Hypothyroidism3 Growth hormone 
defiicit4,5

Hypogonadism6

Fatigue 45-50 % ✔ ✔ ✔

Insomnia 25-35 % ? ?

Memory 45-50 % ✔ ✔ ✔

Concentration 35-50 % ✔ ✔ ✔

Irritability 40-50 % ?

Depression 50 % ✔ ? ?



70 patients in 6 Level-1 Canadian ICU

Inclusion criteria

• Adults, moderate/severe blunt TBI, ICU ≤ 48 hours

Exclusion criteria

•Known hypopituitarism, pregnant or lactating women

• Brain death or not committed to aggressive care

• Significant altered life-expectancy at 12 months

•Neurological conditions influencing functional status 
assessment

• 12-month follow-up visit unlikely (no fixed address, 
unable to return to the study center)

The PIT-TBI study: 
Study population

ClinicalTrials.gov Identifier: NCT02480985



ICU admission

Recruitment

ICU discharge

Hormone levels and 

biobank at D1, 3 and 7

Consent
Secondary insults 

Pituitary MRI D7

Hospital discharge

6 and 12 months follow-up

Eligibility

assessment

Data collection

Early pituitary disorders

Late/persistent pituitary 

disorders

Prognosis (e GOS)

Functional status (FIM)

Quality of life (EQ-5D)

Depression (PHQ-9)

Course of the PIT-TBI 
study



Pituitary axis Tests

Thyroid

Sexual hormones

Adrenals

Growth hormone

Static testing
TSH, FT4, T3

Static testing
FSH/LH, estradiol or testo

Dynamic testing

ACTH 1 mcg

Dynamic testing

Glucagon 1 mg

Assesment of pituitary function



Conclusions

•TBI represents a significant socioeconomic 
burden

•A modest improvement of symptoms could 
have a significant impact

•The association between pituitary function 
and outcome is unclear

•If there is no independent association: 
no need for screening

•If there is an independent association: 
RCTs


