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Abstract

Background: Hypopituitarism following traumatic brain injury (TBI) is not rare however
most patients were left undiagnosed and untreated. Association of post TBI hypopituitarism
causing neurobehavioural and quality of life impairment. The aim of the study is to determine
the incidence of the chronic anterior pituitary deficiency in patients with traumatic brain injury.
Subsequently determine the risk factor and the outcome of the patient with chronic anterior
pituitary dysfunction.

Methods: This is single centre cross-sectional study involved 105 traumatic head injury
patients under the Neurosurgical Department Hospital Sultanah Aminah, Johor Bahru, Malaysia.
The primary investigator will do an interview and the patients will be asked question to complete
a questioner from SF-36 (36 questions). Subsequently, consent for participation will be taken and
blood sampling will be done.

Results: Thirty-three patients were noted to have anterior pituitary dysfunction. The
mean age was 36.97 + 12.96 years old. Twenty-seven patients (32.5%) were male and six patients
were female (27.3%). Chronic anterior pituitary dysfunction in patients with a severe traumatic
head injury around 47.1% (23 patients), as compared to a moderate head injury (8 patients,
38.1%) and 2 sustained mild head injury (5.6%). The mean duration after the onset of trauma was
10.3 + 1.79 months. All patient with anterior pituitary dysfunction had positive CT brain findings
with 22 had subarachnoid haemorrhage (SAH) at the basal cistern and 27 patients had a base
of skull fracture, where 52.1% of the patient underwent surgical intervention, 84.8% involved
one axis and another 5 patients had two axes involved. Severity of the head injury (P < 0.001),
prolonged duration of hospital stay (P = 0.014), radiological findings of a base of skull fracture
(P < 0.001) and presence of SAH at basal cistern (P < 0.001) was significantly associated with
pituitary dysfunction. The patient with anterior pituitary dysfunction has the lower 36-item
Short Form Survey (SF-36) marks 56.3 + 10.3.

Conclusion: The prevalence of hypopituitarism was 31%. Indicators are increased TBI
severity, prolonged hospitalisation and positive finding in radiological assessment. Post-traumatic
chronic anterior pituitary dysfunction also related with poor quality of life as showed by low
SF-36 marks.
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Introduction

Traumatic brain injury (TBI) is a significant
cause of death and disability in young adults,
with the added complication of physical
disabilities leading to long-term cognitive,
behavioural, psychological and social defects.
Based on a census of head injuries conducted by
the Neurosurgical Department of the Hospital
Sultanah Aminah, about 998 and 982 cases
of head injury were reported for the adult
population in Johor 2016 and 2017, respectively.
Out of the 998 cases of head injury in 2016,
severe head injury comprised 335 cases and
moderate head injury comprised 102 cases.
For 2017, there were 324 cases of severe head
injury and 98 cases of moderate head injury.

Hypopituitarism is defined as the total
or partial loss of anterior and posterior
pituitary gland function caused by pituitary or
hypothalamic disorders. Hypopituitarism can be
divided into primary or secondary forms. TBI is
a common cause of secondary hypopituitarism,
ranging from 30%-70% (1).

Post-traumatic endocrine dysfunction has
been reported as a complication of TBI, which
causes serious physical and mental effects
in patients. One study of note reported that
TBI-induced hypothalamic-pituitary dysfunction
may contribute to poor quality of life in many
TBI survivors (2). Several recent cohort studies
have indicated that 25%—40% of TBI patients
will develop chronic hormonal deficiencies
(2). One study in particular showed that the
prevalence of anterior pituitary dysfunction
was 30%-70%, with the somatotroph and
gonadotroph axes commonly affected, and the
thyrotrophin and corticotrophin axes being less
affected (3). Furthermore, a prospective study
showed that 50.9% of patients with TBI had at
least one anterior pituitary hormone deficiency
after 1 year (3).

Hormonal evaluations performed in the
early stages of TBI (i.e. a mean of 12 days after
trauma) revealed a substantial prevalence of
pituitary deficits (4). However, it is unclear at
this time whether these hormonal changes are
specifically due to brain trauma or whether they
are an unspecific reaction to critical illness. After
TBI, the frequency of chronic hypopituitarism
(usually defined as lasting at least 3 months)
varies substantially between studies, with most
indicating a range of 15%—50% (4).

The pathophysiology of anterior pituitary
hormone  deficiency following TBI  has
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indicated that a role is played by both direct
mechanical injury and injury from hypotension,
hypoxia, anaemia and brain swelling, causing
a restriction of flow in the long hypophyseal
portal vessels (3). The clinical symptoms
depend on the severity of hypopituitarism
and the number of deficient anterior pituitary
hormones. The clinical presentation seen in
cases of hypopituitarism varies from very subtle
findings to life-threatening conditions in which
patients are attended to in the emergency
department because of severe manifestations of
pituitary failure, such as adrenal crisis, severe
hypotension, hypoglycemia and hypothyroidism.
Due to the subtle manifestations of the condition,
most patients with hypopituitarism remain
undiagnosed and are therefore untreated. Among
the clinical radiological parameters, diffuse
axonal injury and basal skull fracture were found
to be associated with an increased prevalence of
TBI-induced hypopituitarism (4).

The Endocrine Society Clinical Practice
Guidelines include recommendations for the
diagnosis of hypopituitarism. Specifically, the
guidelines recommend measuring serum cortisol
levels from 8:00 a.m. to 9:00 a.m. as a test for
diagnosing central adrenal insufficiency (AI).
A cortisol level < 3 pg/dL is indicative of Al
For central hypothyroidism, the normal free
T4 level would be 12.0 nmol/L—22.0 nmol/L.
Any level below the laboratory reference range
is considered indicative of hypothyroidism.
Thyroid stimulating hormone (TSH) in
the setting of pituitary disease is usually
confirmatory. In the absence of acute/subacute
illness, blood testosterone, follicular stimulating
hormone FSH) and luteinizing hormone (LH)
levels, as well as serum prolactin (PRL) levels,
should be measured in males with suspected
hypogonadism. Serum estradiol (E2), FSH
and LH should all be measured in the presence
of oligomenorrhea or amenorrhea. Clinicians
should rule out alternative reasons for menstrual
irregularities that are not connected to ovulation
problems. The absence of elevated serum FSH
and LH in post-menopausal women is sufficient
for a diagnosis of gonadotrope malfunction
(assuming the patient is not on hormone
replacement treatment) (4).

The 36-Item Short Form Survey (SF-36)is a
popular instrument for evaluating health-related
quality of life (QoL). The SF-36 was developed in
the USA for use in the Rand Corporation’s Health
Insurance Experiment (5) and has been shown
to yield reliable scores on scales measuring



eight dimensions of health status, as well as
on summary measures of physical and mental
health components. The SF-36 includes eight
scales that measure physical functioning (PF),
role physical (RP), bodily pain (BP), general
health (GH), vitality (VT), social functioning
(SF), role emotional (RE) and mental health
(MH). The SF-36 has been used to examine the
QoL of patients after TBI, and it was found that
all dimensions were affected and caused poor
quality of life in these patients (6).

This study aims to evaluate the incidence of
chronic anterior pituitary deficiency in patients
with TBI in the Neurosurgical Department of
Sultanah Aminah Hospital in Johor Bahru, to
identify the predictive factors that increase the
risk of chronic anterior pituitary deficiency after
TBI and to assess QoL in patients with chronic
anterior pituitary dysfunction.

Methods

Study Design and Population

This was a prospective cohort study
conducted at the Sultanah Aminah Hospital
in Johor Bahru from October 2019 to October
2020. All patients with traumatic head injuries
who were admitted to Hospital Sultanah
Aminah, Johor Bahru and fulfilled the inclusion
criteria were enrolled in the study. The inclusion
criteria were patients with traumatic head injury,
an age between 20 years old and 60 years old,
and a history of head injury 3 months prior
to enrollment in the study. Patients who had
traumatic head injury and were in a chronic
vegetative state with low life expectancy, those
were diagnosed or taking hormonal treatment
prior to the trauma and pregnant women were
excluded from the study.

Method of Research

Selected patients were given a research
identification number after consenting to
participate in the study. Patients with good
cognitive function who understood Malay or
English were asked to complete the SF-36
questionnaire on their own. The estimated time
to complete the questionnaire was 10 min—
20 min. If they were unable to complete
it, the primary investigator explained the
question(s) to the respondent or caretaker and
completed the form based on the answer(s)
given. Subsequently, patients were given an
appointment date for blood tests at the clinic
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within two weeks’ time. The results from the
questionnaire were converted to a 100-point
scale via a calculator provided.

Patients were required to fast prior to the
appointment and samples were taken between
8.00 a.m. and 9.00 a.m. in the morning. A total
of 10 cc of blood was taken from each patient
and kept in two sodium heparinised bottles and
one plain tube. Each sample was to be tested
for serum cortisol, LH, FSH, T4 and TSH levels
and sent to the biochemistry lab to be processed.
Any investigation of growth hormone levels
was excluded from this study. The results of the
hormonal level testing were reviewed by the
primary investigator and under guidance of an
endocrinologist. The patients’ admission records
were traced and the clinical data were consulted.
Radiological imaging was recorded based on an
official radiologist report.

Statistical Analysis

The data analysis was performed using
SPSS version 26.0 statistical software.
Descriptive data were expressed as means =+
standard deviations (SD) unless otherwise stated.
Frequency tests were conducted to determine the
incidence of chronic anterior pituitary deficiency
in patients with TBI and the outcome (QoL).
Other parameters, such as age, gender, severity
of the traumatic head injury, length of stay,
duration post-trauma, mode of treatment and
radiological findings, were subjected to a binary
logistic regression analysis to determine the
relationship between the parameters and chronic
anterior pituitary deficiency.

Results

Demographic and Clinical Characteristics

A total of 105 patients who sustained
traumatic head injuries and fulfilled the
inclusion criteria were enrolled in the study.
The clinical characteristics of the patients are
summarised in Table 1. Of the 105 patients,
83 (79%) were male and 22 (21%) were female.
The age distribution of patients showed that
62.9% were young adults (18 years old—40 years
old) and 39% were middle-aged adults (41 years
old—60 years old). The mean age was 36.91 +
12.42 years old. Each patient was enrolled for an
average of 9.88 + 2.29 months after the trauma,
with the minimum duration being 6 months,
and the maximum duration 15 months. A total
of 48 (45.7%) patients sustained severe head
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injuries, 21 (20%) patients had moderate head
injuries and 36 (34.4%) patients had mild head
injuries. The percentage of patients with positive
CT brain findings was 58.1% (61 patients), while
44% had negative findings. While 48 patients
underwent surgical intervention, 22 patients
(21%) underwent decompressive craniectomy,
21 patients (20%) had craniotomies and 7% had
intracranial pressure probes inserted. Around 53
(50%) of the patients had hospital stays between
1 and 14 days, and only five patients (4.8%) had
prolonged hospital stays for more than 30 days.
We also observed that the mean score of the
SF-36 was 70 + 13.13, with the highest score
being 90 and the lowest being 30. Of this group
of patients, 33 (31.4%) developed chronic
anterior pituitary dysfunction and 72 (68.6%)
had no abnormalities.

Chronic Anterior Pituitary Dysfunction

Table 2 shows the clinical comparison
between patients with anterior pituitary
dysfunction and those without the condition.
A total of 33 patients were noted to have anterior
pituitary dysfunction. The mean age was 36.97

Table 1. Clinical characteristics of patients

Age, mean (SD)

Duration after trauma, mean (SD)

+ 12.96 years old, with a median age of 35 years
old. Out of these 33 patients, 27 (32.5%) were
male and six were female (27.3%). The difference
in gender was not considered a risk factor for
developing chronic anterior pituitary dysfunction
(P = 0.637). Chronic anterior pituitary
dysfunction was also seen in 47.1% of patients
with a severe traumatic head injury; a total of
23 patients sustained a severe head injury as
compared to a moderate head injury (8 patients,
38.1%), and two sustained mild head injuries
(5.6%).

The mean duration after the onset of
trauma was 10.3 + 1.79 months and the median
duration was 11 months. All patients with
anterior pituitary dysfunction had abnormal
CT brain findings. Out of these 33 patients,
22 had subarachnoid haemorrhage (SAH)
at the basal cistern and 27 patients had a
base of skull fracture; 52.1% of the patients
underwent surgical intervention, while 8 did
not. The most frequent procedure performed
was decompressive craniectomy, followed by
craniotomy and intracranial pressure (ICP)
probe insertion.

N %
36.91 (12.42) years old

9.8 (2.2) months

Gender Male 83 79.0
Female 22 21.0
Classification of head injury Mild 36 34.3
Moderate 21 20.0
Severe 48 45.7
CT brain findings Negative 44 41.9
Positive 61 58.1
Duration of hospital stay (days) 1-14 53 50.5
15-30 47 44.8
>30 5 4.8
Surgical intervention No intervention 57 54.3
Intervention 48 45.7
Type of surgical intervention Decompressive craniectomy 22 21.0
Craniotomy 21 20.0
Intracranial pressure monitoring 7 6.7
No intervention 55 52.4
SF-36 score 0—20 0 0
21-40 1 1.0
41-60 24 22.9
61-80 49 46.7
80-100 31 29.5
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Table 2. Comparison of chronic anterior pituitary dysfunction patients with the rest of the cohort

Total
Age
Duration post-trauma
Gender Male
Female
Classification of head injury Mild
Moderate
Severe
CT brain findings
Base of skull fracture Present
Absent
SAH at basal cistern Present
Absent
Duration of hospital stay (days) 1-14
15—-30
> 30

No intervention
Intervention

Surgical intervention

SF-36 score mean (SD)

Yes No

n (%) n (%) P-value
33(31.4) 72 (68.6)
36.97 (+ 12.96) 36.89 (+ 12.27)
10 (£ 1.89) months  9.76 (+ 2.46) months
27 (32.5) 56 (67.5) 0.633
6 (27.3) 16 (72.7)
2 (5.6) 34 (94.4) 0.462
8(38.1) 13 (61.9) < 0.001%
23 (47.1) 25 (52.1) < 0.001%
23 (47.7) 25 (52.3) <0.001*
10 (16.4) 51(83.6)
31 (70.5) 13 (29.5) < 0.0012
2(3.3) 59 (96.7)
13 (24.5) 40 (75.5) 0.923
15 (31.9) 32 (68.1) 0.124
5 (100) o (0) 0.0022
8 (14.0) 49 (86.0) 0.878
25 (52.1) 23(47.9)
56.3 £ 10.322 77.74 £ 7.730

Notes: *Pearson’s chi-square test: significant at P < 0.05

Univariate logistic regression analysis
(Table 3) was used to examine the relationship
between each of the variables and showed that
the severity of the head injury (P < 0.001),
prolonged duration of hospital stay (P = 0.014),
radiological findings of a base of skull fracture
(P < 0.001) and presence of SAH at the basal
cistern (P < 0.001) were significantly associated
with chronic anterior pituitary dysfunction.
A total of 23 of the patients had a base of skull
fracture and another 31 had SAH present in
their basal cistern. The odds ratio of developing
anterior pituitary dysfunction if the patient
had a base of skull fracture was 4.32 (95%
CI: 1.781, 10.497). The odds ratio for patients
with subarachnoid haemorrhage at the basal
cistern was 3.33 (95% CI: 1.401, 7.932). We also
observed that patients with pituitary dysfunction
had prolonged stays in the hospital (84.8%)
compared to patients without the condition.
There was also a significant difference in the
SF-36 scores, where the patients with anterior
pituitary dysfunction had a mean SF-36 score
of 56.3 + 10.3 as compared to those with no
pituitary dysfunction scoring 77.74 + 7.73.

Out of all 33 patients with chronic anterior
pituitary dysfunction, 84.8% of the cases
involved one axis, and another five patients
had two axes involved. Table 4 shows that the
most affected hormone by head trauma was
the gonadotroph axis (54.5%), followed by the
thyrotrophin (42.4%) and corticotrophin (18.2%)
axes. A single hormonal defect was the most
prevalent abnormality in 28 patients, followed
by two axes in five patients, but no patient was
diagnosed with three-axis dysfunction.

Discussion

TBI is defined as a change in brain function
or other evidence of brain pathology caused
by external forces and the condition is a well-
recognised public health problem worldwide. In
Malaysia, head injury was found to be the fifth
(7.86%) most common cause of hospitalisation.
As a major referral and tertiary neurosurgical
centre, Hospital Sultanah Aminah Johor Bahru
serves as the largest referral centre for traumatic
head injury cases in the entire state of Johor
and the southern region of peninsular Malaysia.
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Table 3. Multiple logistic regression analysis of the factors affecting chronic pituitary dysfunction

Adjusted odds ratio
B (SE) (95% CI) P-value
Age (years old)
18-40 -0.326 (0.431) 1.385 (0.596, 3.221) 0.448
41-60
Duration post-trauma 10 (+ 1.89)*months  9.76 (+ 2.46)* months 0.852
Gender Male -0.780 (-0.210) 0.778 (0.274—2.211) 0.637
Female
Classification of head injury (Constant)
Mild (C) —2.462 (0.933) 0.907 (0.14-0.531) < 0.001
Mild 1 -2.332 (0.887) 0.887(0.15-0.443) < 0.001
Mild 2 —2.345 (0.667) 0.776 (0.13—0.233) < 0.001
(Mid) Moderate —2.445 (0.443) 0.445 (0.23—-0.435) 0.344
Moderate 1 -2.567(0.734) 0.873 (0.14-0.341) 0.564
Moderate 2 -1.532 (0.054) 0.773 (0.12-0.651) 0.421
(Mid) Severe -2.334 (0.998) 0.567 (0.23-0.452) 0.642
Severe 1 -2.347 (0.321) 0.432 (0.11-0.321) 0.543
Severe 2 -1.654 (0.021) 0.332 (0.12—-0.421) 0.211
CT brain findings
Base of skull fracture Present 0.780 (0.210) 4.324 (1.781,10.497) < 0.001*
Absent
SAH at basal cistern Present 1.204 (0.442) 3.333 (1.40, 7.932) 0.005
Absent
Duration of hospital stay (days) 1-14 0.917 (0.372) 2.501 (1.207-5.184) 0.014
15-30
Surgical intervention No intervention -1.89 (0.478) 6.658 (2.607—17.004) 0.878
Intervention
SF-36 score 56.3 £ 10.322 77.74 + 7.730° 0.756

Notes: SE = standard error; CI = confidence interval; B = logistic regression coefficient

Table 4. Criteria for chronic anterior pituitary dysfunction

Chronic anterior pituitary dysfunction

Axis involved 1 axis 28 84.8%
2 axis 5 15.2%
3 axis 0 o]
Gonadotrophin Normal 15 45.5%
Abnormal 18 54.5%
Thyrotrophin Normal 19 57.6%
Abnormal 14 42.4%
Corticotrophin Normal 27 81.8%
Abnormal 6 18.2%
SF-36 (score) 56.3 + 10.322
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This was a prospective study conducted in
Southeast Asia to determine the prevalence of
chronic anterior pituitary dysfunction and its
outcomes. A total of 105 patients were enrolled
in the study, with a higher proportion of males in
relation to females.

A total of 31% of our patients had developed
certain pituitary dysfunction, which is similar
to a previous study indicating a range between
15% and 60%. A multicentred study showed that
14.1% of their patients had been diagnosed with
post-traumatic hypopituitarism (7). Another
study showed that 60% of their 28 patients
had pituitary dysfunction (8). Our study had
comparable results with those of previous studies
with similar inclusion and exclusion criteria.

A single hormonal deficit was found to
be more prevalent than multiple hormonal
abnormalities. This finding is in concordance
with another study, which also found that
almost 51% of patients had a single hormonal
deficit compared with 17% having a combined
deficit. Most investigations have found that
GH deficiency is the most prevalent pituitary
endocrine defect after TBI, with rates of 44%
(4) and 18.6% (9) being reported; followed
by the gonadal axis deficient (15%) then the
thyrotrophin axis (10). While the present
study did not include growth hormone, we
found the gonadal axis to be the most common
axis affected, followed by thyrotropin and
corticotrophin.

The development of post-traumatic
hypopituitarism is related to the primary
mechanical insults of the sella turcica or
secondary insults. The aim of this study was
to determine the risk factors for developing
anterior pituitary dysfunction and the outcomes
of patients with chronic pituitary dysfunction.
The severity of the head injury is one of the risk
factors for developing pituitary dysfunction. In
Schneider’s series, the prevalence of pituitary
dysfunction in cases of severe, moderate,
and mild TBI were 35.3%, 10.9% and 16.8%,
respectively (11). Our study showed a slightly
higher prevalence compared to the case series
at 47.1%. This is likely due to the high incidence
of severe head injuries in our study. The severity
of the head injury is related to the radiological
findings of brain swelling and midline shift,
which supported the pathophysiology of
developing hypopituitarism post-traumatic head

injury.
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Yang et al. (12) found that basal skull
fractures were more significantly associated with
pituitary dysfunction than ICH. Similarly, our
study showed that the base of skull fracture was
a risk factor for developing pituitary dysfunction.
We also found that having a subarachnoid
bleed (SAH) at the basal cistern raised the risk
of developing anterior pituitary dysfunction
(70.5%). A study by Kelly et al. (13) showed that
40% of patients who had SAH at the cistern
developed pituitary dysfunction. Multiple studies
have also shown that prolonged hospital stay
is one of the contributing factors of pituitary
dysfunction. A study by Yaseen et al. (8) showed
an increased prevalence of pituitary dysfunction
for patients with prolonged ICU stays, but this
was not studied in our paper.

In individuals with moderate-to-severe TBI,
almost 70% attained good functional recovery at
early follow-up (3 months) but 30% still had a
poor functional outcome (2). However, patients
with pituitary hypopituitarism showed a marked
reduction in QoL as compared to the traumatic
head injury population without hypopituitarism.
This is consistent with the findings of other
studies, such as the one conducted by Andelic
et al. (6), who also used the SF-36 to examine
the QoL of patients after TBI; in this case, they
found that all dimensions were affected in
their patients.

Conclusion

The prevalence of hypopituitarism was
estimated to be 31% in the patients included in
the present study. Indicators of the condition
were increased TBI severity, prolonged
hospitalisation and positive findings in
radiological assessment (i.e. presence of SAH
and base of skull fracture). Post-traumatic
chronic anterior pituitary dysfunction was also
associated with poor QoL, as shown by low
SF-36 scores. Despite the SF-36 score not being
a specific measurement tool for post-traumatic
hypopituitarism, it can be used as a screening
tool prior to more invasive screening approaches,
such as blood taking. Therefore, early detection
and intervention should be prioritised to improve
the QoL of post-traumatic patients.

Acknowledgements

None.

www.mjms.usm.my



Malays J Med Sci. 2023;30(1):107-115

Ethics of Study

Approval was obtained from the Medical
Research & Ethics Committee of the Ministry of
Health Malaysia and registered in the national
register for clinical trials registration ID number:

NMRR-20-1575-53747.

Conflict of Interest

None.

Funds

None.

Authors’ Contributions

Conception and design: NSMS, NAAR, SCT,
ARIG, JMA

Analysis and interpretation of the data: NSMS,
TZH, NMK

Final approval of the article: ZI, JMA

Correspondence

Dr Nurshaheda Mohd Salleh

MS Neurosurgery (USM)
Department of Neurosurgery,
Hospital Sultanah Aminah,

80100 Johor Bahru, Johor, Malaysia.
Tel: +60127032712

E-mail: dr.sashaeda@gmail.com

References
1. Kim SY. Diagnosis and treatment
hypopituitarism. Endocrinol Metab.

2015;30(4):443—455. https://doi.org/10.3803/

EnM.2015.30.4.443

2. Behan LA, Agha A. Endocrine consequences
of adult traumatic brain injury. Horm Res
Paediatr. 2007;68(5):18—21. https://doi.org/10

.1159/000110466

3. Dusick JR, Wang C, Cohan P, Swerdloff R,
Kelly DF. Pathophysiology of hypopituitarism
in the setting of brain injury. Pituitary.

https://doi.org/10.1007/s11102

2012;15:2—9.
-008-0130-6

www.mjms.usm.my

10.

11.

Tanriverdi F, Kelestimur F. Pituitary dysfunction
following traumatic brain injury: clinical
perspectives.  Neuropsychiatr  Dis  Treat.
2015;2015:1835-1843. https://doi.org/10.2147/
NDT.S65814

Ware JE Jr, Sherbourne CD. The MOS 36-Item
Short-Form Health Survey (SF-36): 1. conceptual
framework and item selection. Med Care.

1992;30:473-483.

Andelic N, Hammergren N, Bautz-Holter E,
Sveen U, Brunborg C, Ree C. Functional outcome
and health-related quality of life 10 years after
moderate-to-severe traumatic brain injury. Acta
Neurol Scand. 2009;120(1):16—23. https://doi
.0rg/10.1111/j.1600-0404.2008.01116.X

Aimaretti G, Perino C, Rovere S, Croce
GC, Perrone K, Rago, et al. Screening for
hypopituitarism following traumatic brain injury
(TBI). In: Kanno T, Kato Y, editors. Minimally
invasive neurosurgery and multidisciplinary
neurotraumatology. Tokyo: Springer; 2006. pp
396—399. https://doi.org/10.1007/4-431-28576
-8_60

Yaseen N, Al-Khaqani F, Mansour A. Patterns

of pituitary dysfunction three months or more

after traumatic brain injury. Avicenna J Med.
2018;8(4):125. https://doi.org/10.4103/ajm.ajm
2_18

Klose M, Juul A, Poulsgaard L, Kosteljanetz M,
Brennum J, Feldt-Rasmussen U. Prevalence
and predictive factors of post-traumatic
hypopituitarism. Clin Endocrinol. 2007;67(2):
193—201. https://doi.org/10.1111/j.1365-2265
.2007.02860.x

Krewer C, Schneider M, Schneider JH,
Kreitshmann-Andermahr I, Buchfalder M, Faust
M, et al. Neuroendocrine disturbances one to
five or more years after traumatic brain injury
and aneurysmal subarachnoid hemorrhage: data
from the German database on hypopituitarism.
J Neurotrauma. 2016;33(16):1544—1553.
https://doi.org/10.1089/neu.2015.4109

Schneider HJ, Schneider M, Saller B, Petersenn
S, Uhr M, Husemann B, et al. Prevalence of
anterior pituitary insufficiency 3 and 12 months
after traumatic brain injury. Eur J Endocrinol.
2006;154(2):259—265. https://doi.org/10.1530/
€je.1.02071


https://doi.org/10.2147/NDT.S65814
https://doi.org/10.2147/NDT.S65814
https://doi.org/10.1111/j.1600-0404.2008.01116.x
https://doi.org/10.1111/j.1600-0404.2008.01116.x
https://doi.org/10.1007/4-431-28576-8_60
https://doi.org/10.1007/4-431-28576-8_60
https://doi.org/10.4103/ajm.ajm_2_18
https://doi.org/10.4103/ajm.ajm_2_18
https://doi.org/10.1111/j.1365-2265.2007.02860.x
https://doi.org/10.1111/j.1365-2265.2007.02860.x
https://doi.org/10.1089/neu.2015.4109
https://doi.org/10.1530/eje.1.02071
https://doi.org/10.1530/eje.1.02071
https://doi.org/10.3803/EnM.2015.30.4.443
https://doi.org/10.3803/EnM.2015.30.4.443
https://doi.org/10.1159/000110466
https://doi.org/10.1159/000110466
https://doi.org/10.1007/s11102-008-0130-6
https://doi.org/10.1007/s11102-008-0130-6

12. Yang WH, Chen PC, Wang TC, Kuo TY,

Cheng CY, Yang YH. Endocrine dysfunction
following traumatic brain injury: a 5-year
follow-up nationwide-based study. Scientific
Rep. 2016;6(1):1—9. https://doi.org/10.1038/
srep32987

13.

Original Article | Prospective study in HSAJB

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

www.mjms.usm.my


https://doi.org/10.3171/jns.2000.93.5.0743
https://doi.org/10.3171/jns.2000.93.5.0743
https://doi.org/10.1038/srep32987
https://doi.org/10.1038/srep32987

