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different from those of the GHD group (mean±SD: 
-2.50±1.48, p=0.35). Stimulation tests were possible 
in 13 subjects and the mean GH peak was 7.04 ng/
ml (min: 3.36 ng/ml, max: 9.4 ng/ml).

Subdural hemorrhage (n=37) and diffuse in-
jury (n=34) were the most common injury types; 
22 patients suffered basal skull fractures as well. 
The prevalence of brain injury types with or without 
hormonal deficiencies is summarized in Table 2. No 
statistically significant association was established 
between the type of injury and pituitary malfunction.

Of the 82 patients with multiple endocrine evalu-
ations, 31.7 % presented changes in major hormonal 
deficiencies during the follow-up period. Sixteen 
patients had new hormone deficiencies in the course 
of an average follow-up period of 44 months (GHD/
GHI: 3/5, LH/FSH: 9, ACTH: 5, TSH: 2), while 10 
subjects’ hormone deficiencies resolved during the 
average follow-up period of 52 months (GHI: 1, LH/
FSH: 4, TSH: 4, ACTH: 1) (Table 3).

Possible risk factors associated  
with hypopituitarism

Concerning the possible risk factors for the de-
velopment of post-traumatic pituitary dysfunction, 
the prevalence of hormone deficiencies was analyzed 
in relation to age, gender, GCS scores, injury types, 
basal skull fracture, ventricular drain insertion and 

requirement for neurosurgery. GHD+GHI were 
more frequent in patients with severe brain injury, 
ventricular drain insertion and neurosurgery. Odds 
ratios for the development of GHD+GHI are the 
following: 2.7 for severe versus moderate injury 
(p=0.011), 2.58 for EVD insertion (p=0.011) and 
3.53 for neurosurgery (p=0.001). GHD was mark-
edly associated with surgical intervention (OR: 9.33, 
p=0.001). Male gender predisposed to FSH/LH deficit 
(OR: 9.01, p=0.004). Multiple hormone deficiencies 
correlated to the requirement for neurosurgery (OR: 
3.72, p=0.004). All hormonal disturbances were more 
prevalent after severe head trauma and ventricular 
drain insertion, with odds ratios 3.25 (p=0.002) and 
2.52 (p=0.012), respectively.

The aforementioned factors were included in a 
backward binary logistic regression model to test for 
independent determinants of hypopituitarism. The 
individual and combined hormone deficiencies and 
the changes during follow-up time were analyzed 
separately. Hormonal disturbances detected at the 
first investigation were determined by the severity 
of trauma (p=0.033) and by focal injury (p=0.033). 
At the end of follow-up only the severity of TBI re-
mained an independent predictor (p=0.003). None 
of the investigated factors related to the develop-
ment of new hormonal failures. Multiple hormonal 
deficiencies (p=0.019), GHD+GHI (p=0.013) and 
GHD (p=0.004) were all influenced by the require-
ment for surgical intervention, while the GHD+GHI 
subgroup was associated with ventricular drain inser-
tion (p=0.012) too. No independent predictors were 
identified for the evolution of FSH/LH, TSH and 
ACTH deficiency.

Table 2. Brain injury types in patients with or without major hormo-
nal deficiencies. The patients with different types of brain injuries, 
based on CT findings are categorized as pituitary deficient or not. 
Percentages are compared using the Fischer’s exact test

CT findings Hormone  
deficiency (%)

Fischer  
p  

valueyes no

Subdural hematoma  
(SDH)

21 (29.2) 16 (29.6) 0.555

Intracranial hemorrhage  
(ICH)

14 (19.4) 11 (20.4) 0.536

SDH+ICH 7 (9.5) 5 (9.6) 0.591

Epidural hemorrhage 11 (15.3) 5 (9.3) 0.234

Diffuse injury 19 (26.4) 15 (27.8) 0.510

Basal skull fracture 10 (13.9) 12 (22.2) 0.163

Overall 72 54

Table 3. Changes in major hormonal deficiencies in 82 patients with 
multiple endocrine evaluations in the acute phase (<1 year post 
TBI) and in the chronic phase (>1 year post TBI)

N of deficient 
hormonal axes

N of patients  
at the first 
evaluation

N of patients during  
the endocrine  

follow-up

0 38 31

1 23 25

2 16 19

3 4 5

4 1 2


