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Sir: Immune suppression following
injury to the central nervous system
is an important clinical issue because
up to 50% of brain-injury patients
develop infection, especially in the
first few days following the insult [1].
Recently Naredi et al. [2] tried to
establish the immunomodulating
effects of the sympathetic nervous
system following subarachnoid
haemorrhage. The authors found
increased norepinephrine spillover
following subarachnoid haemorrhage,
indicating sympathetic activation,
and elevated levels of circulating
proinflammatory cytokines and
complement such as C3a, interleukin
6 and C5b-9. These parameters
were measured to evaluate the
relationship between sympathetic
nervous system activity and the
inflammatory response status, but no
quantitative correlation between these
two systems was found. Following
tissue trauma, as in subarachnoid
haemorrhage, circulating levels of
pro-inflammatory cytokines may
not provide a good measure of the
innate immunity because these levels

are mainly the result of the trauma
itself [3] and do not reflect the innate
immune response to a subsequent
trigger. Therefore the reported rise
and subsequent normalisation in the
pro-inflammatory mediators after
subarachnoid haemorrhage observed
in this study is not surprising.

To evaluate the status of the
immune response after subarach-
noid haemorrhage or other tissue
trauma ex vivo stimulation of immune
cells obtained from these patients
with lipopolysaccharide or another
inflammation-provoking compound
would be more appropriate. More-
over, in light of the recently identified
“cholinergic anti-inflammatory path-
way” future studies into this field
should probably consider not only
the sympathetic activity but also the
activity of the parasympathetic auto-
nomic nervous system (vagal activity)
when evaluating the modulation of the
immune response [4]. This relatively
newly discovered pathway also seems
to be relevant in patients with sub-
arachnoid haemorrhage. Apart from
an increase in plasma catecholamine
concentrations, another study [5] in
subarachnoid haemorrhage patients
also found a marked increase in
parasympathetic activity in the acute
phase following subarachnoid haem-
orrhage. The rise in parasympathetic
activity may be the result of the
bleeding and brain injury itself or
mediated by the subsequent increase
in intracranial pressure.

In summary, ex vivo cytokine
release to an inflammatory stimulus
presents a better measure of the effect
of subarachnoid haemorrhage on
the innate immunity response than
the concentrations of circulating
cytokines. Moreover, not only
the sympathetic but especially the
parasympathetic nerve system may

play a pivotal role in the modulation
of the innate immune response. Be-
cause increased activity of the nervus
vagus has been shown to dampen
the immune response in both in vitro
and animal studies [4], this may
represent an interesting new avenue
for future research and a promise for
new treatment modalities.

References
1. Helling TS, Evans LL, Fowler DL,

Hays LV, Kennedy FR (1988) In-
fectious complications in patients
with severe head injury. J Trauma
28:1575–1577

2. Naredi S, Lambert G, Friberg P, Zall S,
Eden E, Rydenhag B, Tylman M,
Bengtsson A (2006) Sympathetic
activation and inflammatory re-
sponse in patients with subarachnoid
haemorrhage. Intensive Care Med
32:1955–1961

3. Harris BH, Gelfand JA (1995) The
immune response to trauma. Semin
Pediatr Surg 4:77–82

4. Pavlov VA, Tracey KJ (2005) The
cholinergic anti-inflammatory pathway.
Brain Behav Immun 19:493–499

5. Kawahara E, Ikeda S, Miyahara Y,
Kohno S (2003) Role of autonomic
nervous dysfunction in electrocardio-
graphic abnormalities and cardiac injury
in patients with acute subarachnoid
hemorrhage. Circ J 67:753–756

M. Kox · J. Pompe · A. Hoedemaekers ·
P. Pickkers (�)
Radboud University Nijmegen Medical
Center, Department of Intensive Care
Medicine,
P.O. Box 9101, 6500 HB Nijmegen,
The Netherlands
e-mail: p.pickkers@ic.umcn.nl
Tel.: +31-24-3614170
Fax: +31-24-3541612

J. Pompe
Radboud University Nijmegen Medical
Centre, Department of Surgery, Section
Traumatology,
P.O. Box 9101, 6500 HB Nijmegen,
The Netherlands



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


