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Abstract

This review gives an overview of the research on hypothalamopituitary dysfunction as a potential
consequence of traumatic brain injury, including the natural history of this complication and its clinical
and public health implications.

Introduction and context
With an overall incidence of 235 per 100,000 persons
per year, traumatic brain injury (TBI) is a major
public health problem [1]. In young adults, TBI is the
leading cause of death and disability [2]. Aneurysmal
subarachnoid hemorrhage (SAH) occurs in 6-10 per
100,000 persons each year [3]. Both TBI and SAH leave
many survivors with significant adverse physical and
psychological sequelae of the trauma [4,5]. In recent years,
neuroendocrine dysfunction following TBI and aneurys-
mal SAH was reported with a much higher prevalence
than previously suspected. Untreated hypopituitarism is
associated with serious morbidity [6-9] and premature
mortality [10,11]. Serious and life-threatening adrenal
crises secondary to acute adrenocorticotropic hormone
deficiency in TBI patients have been highlighted in the
literature recently with significant improvement following
glucocorticoid replacement [12]. In addition, hypopitui-
tarism can aggravate the underlying physical and neurop-
sychiatric deficits often following TBI, leading to impaired
recovery and quality of life (Qol). Here, we review recent
investigations that provide relevant information on the
screening and management of these patients.

Recent advances
Prevalence
Aimaretti and colleagues [13] had reported a high
prevalence of hypopituitarism in patients after TBI

and SAH in a prospective multicentre study in over
100 patients. It was demonstrated that partial dysfunc-
tion may improve with time but that panhypopituitar-
ism, which occurred in 5% of patients, is irreversible.
Up to one-third of patients were left with pituitary
insufficiency; growth hormone deficiency was the most
common deficit, followed by hypogonadism. The
severity of brain injury did not influence the degree
of hypopituitarism. Faculty of 1000 member Ho, in an
evaluation [14] of that paper, states that clinicians
should always evaluate pituitary function following
brain injury. The largest systematic review on hypotha-
lamopituitary dysfunction following TBI and aneury-
smal SAH, published by Schneider and colleagues [15],
summarizes 19 studies comprising 1,137 patients.
The pooled prevalences of hypopituitarism in the
chronic phase after TBI and SAH were 27.5% and
47%, respectively. However, a large variation in
prevalence of hormone deficiencies was found in the
different studies. Possible reasons for this were patient
selection, study designs, and tests used. In an evalua-
tion [16] of that paper, Faculty of 1000 member
Marion states that, due to the surprisingly high
prevalence of hypopituitarism in that meta-analysis,
the routine for patients with TBI or SAH should
include pituitary screening prior to release from the
acute care hospital as well as periodical controlling
later on.
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Risk factors for hypopituitarism after traumatic
brain injury
In the same systematic review, after pooling of all
relevant studies, severity of brain injury was found to be
associated with occurrence of hypopituitarism. Several
prospective studies with a follow-up of 1-3 years confirm
the results of previous retrospective analyses. Predictive
factors are analysed and correlated with outcome. In
these recent studies, an association between severity of
trauma and acute and long-term neuroendocrine con-
sequences could be demonstrated [17-21]. Further
potential risk factors identified were diffuse axonal
injury, basal skull fracture, and older age in one study
[22], and increased intracranial pressure and prolonged
intensive care unit stay in another study [19].

Natural course of post-traumatic hypopituitarism
Early neuroendocrine abnormalities were transient in
some patients, whereas less commonly, hypopituitarism
evolved over time in others. In one study, there was little
further change of endocrine function after 6 months after
trauma [23]. Two other studies showed independently
that, between 3 and 12 months after trauma, pituitary
function may either recover or worsen, the latter being
less common [13,24].

Clinical relevance
A study published in 2008 by Bavisetty and colleagues
[20] on chronic hypopituitarism after TBI focused on risk
assessment and relationship to outcome. Six to nine
months after TBI, 21% of their patients required
hormone replacement of at least one axis. Most common
and associated with more disability, depression, and
reduced Qol was growth hormone deficiency/growth
hormone insensitivity (occurring in 16%). Klose and
colleagues [25] demonstrated that post-traumatic hypo-
pituitarism is associated with an unfavourable body
composition and lipid profile and a decreased Qol
12 months after injury. In 2007, Bondanelli and
colleagues [26] found that anterior pituitary function
may predict functional and cognitive outcome in TBI
patients undergoing rehabilitation.

Implications for clinical practice
A significant percentage of trauma patients are currently
living with undiagnosed endocrinopathies. Routine early
screening for pituitary dysfunction in patients with TBI
and SAH is likely to improve the Qol for these patients
by detecting unexpected pituitary dysfunction and
leading to the provision of replacement hormone
therapy for a substantial number. Given the large
number of individuals who fall victim to TBI and SAH
each year, post-traumatic hypopituitarism becomes an

entity of major public health significance. Based on the
incidence of patients hospitalized for TBI and SAH
reported in the literature and the frequencies of
hypopituitarism in these patients, the incidence of
hypopituitarism caused by these disorders is estimated
to be more than 30 per 100,000 per year [6]. This by
far outnumbers all other well-recognized causes of
hypopituitarism [27]. Due to a potential selection bias,
this is (at present) only a rough estimate and should be
considered with caution. However, it is clear that a large
number of patients with hypopituitarism after TBI or
SAH remain undiagnosed and untreated. Yet further
studies are needed. Particularly, prospective clinical trials
to assess the effects and risks of hormone replacement in
these patients are still lacking.

Recommendations for screening
Since the sequelae of brain injury may mask the signs of
hypopituitarism, the threshold for endocrine assessment
should be low, and in cases of uncertainty, endocrine
assessment should be performed at least once. Also, in
patients with basal skull fractures, diffuse axonal injury,
increased intracranial pressure or prolonged intensive
care unit stay, pituitary assessment should be considered.
In the acute phase, cortisol deficiency should not be
missed. Screening for low basal cortisol should be
performed in patients with clinical signs suggestive of
hypopituitarism or the abovementioned risk factors.
Screening for further deficiencies, including stimula-
tion tests, should be performed in patients at risk after
3-6 months after trauma [15]. Close collaboration
between the neurosurgery, endocrinology, rehabilitation
medicine and other disciplines is essential in order to
ensure optimal delivery of care. If hypopituitarism is
detected, hormone replacement therapy should be given
as appropriate and has the potential to improve recovery,
rehabilitation and Qol for those patients. Systematic
therapy studies showing the benefits of optimal
hormone substitution are needed.

Abbreviations
Qol, quality of life; SAH, subarachnoid hemorrhage; TBI,
traumatic brain injury.

Competing interests
JP received travel grants from Novo Nordisk. HJS
received research grants from Pfizer Inc, speaker fees
and travel grants from Pfizer Inc and Novo Nordisk and
travel grants from Eli Lilly and Company. GKS received
speaker and/or consultant fees from Pfizer Inc, Novartis,
Novo Nordisk and Ipsen, travel grants from Pfizer Inc
and research grants from Eli Lilly and Company, Pfizer
Inc, Novartis, Novo Nordisk and Ipsen.

Page 2 of 3
(page number not for citation purposes)

F1000 Medicine Reports 2009, 1:63 http://F1000.com/Reports/Medicine/content/1/63



References
1. Tagliaferri F, Compagnone C, Korsic M, Servadei F, Kraus J:

A systematic review of brain injury epidemiology in Europe.
Acta Neurochir (Wien) 2006, 148:255-68.

2. van Baalen B, Odding E, Maas AI, Ribbers GM, Bergen MP, Stam HJ:
Traumatic brain injury: classification of initial severity
and determination of functional outcome. Disabil Rehabil 2003,
25:9-18.

3. van Gijn J, Kerr R, Rinkel G: Subarachnoid haemorrhage. Lancet
2007, 369:306-18.

4. Hütter BO, Kreitschmann-Andermahr I, Mayfrank L, Rohde V,
Spetzger U, Gilsbach JM: Functional outcome after aneurysmal
subarachnoid hemorrhage. Acta Neurochir Suppl (Wien) 1999,
72:157-74.

5. Salmond CH, Sahakian BJ: Cognitive outcome in traumatic brain
injury survivors. Curr Opin Crit Care 2005, 11:111-6.

6. Schneider HJ, Aimaretti G, Kreitschmann-Andermahr I, Stalla G,
Ghigo E: Hypopituitarism. Lancet 2007, 369:1461-70.

7. Vance ML: Hypopituitarism. N Engl J Med 1994, 330:1651-62.
8. Erfurth EM, Hagmar L: Cerebrovascular disease in patients with

pituitary tumors. Trends Endocrinol Metab 2005, 16:334-42.
9. Gola M, Bonadonna S, Doga M, Giustina A: Clinical review: growth

hormone and cardiovascular risk factors. J Clin Endocrinol Metab
2005, 90:1864-70.

10. Rosen T, Bengtsson BA: Premature mortality due to cardio-
vascular disease in hypopituitarism. Lancet 1990, 336:285-8.

11. Tomlinson JW, Holden N, Hills RK, Wheatley K, Clayton RN,
Bates AS, Sheppard MC, Stewart PM: Association between
premature mortality and hypopituitarism. West Midlands
Prospective Hypopituitary Study Group. Lancet 2001,
357:425-31.

12. Agha A, Ryan J, Sherlock M, Thompson CJ: Spontaneous recovery
from posttraumatic hypopituitarism. Am J Phys Med Rehabil
2005, 84:381-5.

13. Aimaretti G, Ambrosio MR, Di Somma C, Gasperi M, Cannavò S,
Scaroni C, Fusco A, Del Monte P, De Menis E, Faustini-Fustini M,
Grimaldi F, Logoluso F, Razzore P, Rovere S, Benvenga S, Degli
Uberti EC, De Marinis L, Lombardi G, Mantero F, Martino E,
Giordano G, Ghigo E: Residual pituitary function after brain
injury-induced hypopituitarism: a prospective 12-month
study. J Clin Endocrinol Metab 2005, 90:6085-92.

Changes Clinical Practice
F1000 Factor 3.0 Recommended
Evaluated by Ken Ho 07 Feb 2006

14. Ho K: Evaluation of: Aimaretti G, Ambrosio MR, Di Somma
C, Gasperi M, Cannavò S, Scaroni C, Fusco A, Del Monte P,
De Menis E, Faustini-Fustini M, Grimaldi F, Logoluso F,
Razzore P, Rovere S, Benvenga S, Degli Uberti EC, De
Marinis L, Lombardi G, Mantero F, Martino E, Giordano G,
Ghigo E: Residual pituitary function after brain injury-
induced hypopituitarism: a prospective 12-month study.
J Clin Endocrinol Metab 2005, 90:6085-92. Faculty of 1000 Medicine.
2006 Feb 07.

15. Schneider HJ, Kreitschmann-Andermahr I, Ghigo E, Stalla GK, Agha A:
Hypothalamopituitary dysfunction following traumatic brain
injury and aneurysmal subarachnoid hemorrhage: a systema-
tic review. JAMA 2007, 298:1429-38.

Changes Clinical Practice
F1000 Factor 9.0 Exceptional
Evaluated by Donald Marion 06 Nov 2007

16. Marion D: Evaluation of: Schneider HJ, Kreitschmann-Ander-
mahr I, Ghigo E, Stalla GK, Agha A: Hypothalamopituitary
dysfunction following traumatic brain injury and aneurysmal
subarachnoid hemorrhage: a systematic review. JAMA 2007,
298:1429-38. Faculty of 1000 Medicine. 2007 Nov 06.

17. Klose M, Juul A, Struck J, Morgenthaler NG, Kosteljanetz M,
Feldt-Rasmussen U: Acute and long-term pituitary insufficiency
in traumatic brain injury: a prospective single-centre study.
Clin Endocrinol (Oxf) 2007, 67:598-606.

18. Tanriverdi F, Ulutabanca H, Unluhizarci K, Selcuklu A, Casanueva FF,
Kelestimur F: Three years prospective investigation of anterior
pituitary function after traumatic brain injury: a pilot study.
Clin Endocrinol (Oxf) 2008, 68:573-9.

19. Klose M, Juul A, Poulsgaard L, Kosteljanetz M, Brennum J,
Feldt-Rasmussen U: Prevalence and predictive factors of post-
traumatic hypopituitarism. Clin Endocrinol (Oxf) 2007, 67:193-201.

20. Bavisetty S, McArthur DL, Dusick JR, Wang C, Cohan P,
Boscardin WJ, Swerdloff R, Levin H, Chang DJ, Muizelaar JP,
Kelly DF: Chronic hypopituitarism after traumatic brain
injury: risk assessment and relationship to outcome.
Neurosurgery 2008, 62:1080-93.

21. Behan LA, Agha A: Endocrine consequences of adult traumatic
brain injury. Horm Res 2007, 68(Suppl 5):18-21.

22. Schneider M, Schneider HJ, Yassouridis A, Saller B, von Rosen F,
Stalla GK: Predictors of anterior pituitary insufficiency after
traumatic brain injury. Clin Endocrinol (Oxf) 2008, 68:206-12.

23. Agha A, Phillips J, O’Kelly P: The natural history of post-
traumatic hypopituitarism: implications for assessment and
treatment. Am J Med 2005, 118:1416.

24. Schneider HJ, Schneider M, Saller B, Petersenn S, Uhr M, Husemann B,
von Rosen F, Stalla GK: Prevalence of anterior pituitary
insufficiency 3 and 12 months after traumatic brain injury.
Eur J Endocrinol 2006, 154:259-65.

25. Klose M, Watt T, Brennum J, Feldt-Rasmussen U: Posttraumatic
hypopituitarism is associated with an unfavorable body
composition and lipid profile, and decreased quality of life
12 months after injury. J Clin Endocrinol Metab 2007, 92:3861-8.

26. Bondanelli M, Ambrosio MR, Cavazzini L, Bertocchi A, Zatelli MC,
Carli A, Valle D, Basaglia N, Uberti EC: Anterior pituitary function
may predict functional and cognitive outcome in patients
with traumatic brain injury undergoing rehabilitation.
J Neurotrauma 2007, 24:1687-97.

27. Regal M, Paramo C, Sierra SM, Garcia-Mayor RV: Prevalence and
incidence of hypopituitarism in an adult Caucasian popula-
tion in northwestern Spain. Clin Endocrinol (Oxf) 2001, 55:735-40.

Page 3 of 3
(page number not for citation purposes)

F1000 Medicine Reports 2009, 1:63 http://F1000.com/Reports/Medicine/content/1/63

http://f1000medicine.com/article/id/9005
http://f1000medicine.com/article/id/1092865

	Abstract
	Introduction and context
	Recent advances
	Prevalence
	Risk factors for hypopituitarism after traumatic �brain injury
	Natural course of post-traumatic hypopituitarism
	Clinical relevance

	Implications for clinical practice
	Recommendations for screening

	Abbreviations
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


