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ABSTRACT
Central sleep apnea syndrome is a disorder characterized by the 
recurrent episodes of apnea during sleep resulting from transient 
pause of ventilatory effort. Various cardiologic and metabolic 
causes of the central sleep apnea have been described. In addi-
tion, various neurological diseases affecting brainstem have been 
implicated in the development of the sleep apnea. In this report, 
we presented four patients with central sleep apnea syndrome and 
normal neurologic, otorhinolaryngologic and cardiovascular fi nd-
ings. For a further and detailed neurologic examination we per-
formed a magnetic resonance imaging examination and eventually 
detected pathological fi ndings associated with arachnoid cyst and 
meningiomas.

Key words: brain stem; central sleep apnea; magnetic resonance imaging; 
polysomnography

ÖZET
Santral uyku apne sendromu, uyku sırasında solunum çabasının 
yokluğu nedeniyle olușan tekrarlayıcı apneler ile karakterize bir 
hastalıktır. Santral uyku apnesinin çeșitli kardiyolojik ve metabo-
lik nedenleri tanımlanmıștır. Beyin sapını etkileyen farkı nörolojik 
hastalıklar da santral uyku apnesinin gelișiminden sorumlu tutul-
muștur. Burada nörolojik, kulak- burun- boğaz ve kardiyolojik mu-
ayeneleri normal olan, santral uyku apne sendromlu dört hastayı 
sunduk. Daha ileri ve ayrıntılı nörolojik inceleme için beyin manyetik 
rezonans görüntüleme incelemesi yaptık ve sonunda beyin sapında 
santral apnelere neden olabilecek araknoid kist ve menenjiomlar 
saptadık. 

Anahtar kelimeler: beyin sapı; santral uyku apnesi; manyetik rezonans 
görüntüleme; polysomnografi
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Introduction

Central sleep apnea (CSA) is a neurological disorder 
characterized by the recurrent episodes of  apnea 
during sleep resulting from transient pause of  venti-
latory effort. Central apnea is traditionally defi ned as 
the absence airfl ow with a lack of  inspiratory effort 
lasting at least 10 seconds1. CSA is seen in less than 
10% of  patients with sleep apnea and the usual co-
existent events are obstructive. 
Various causes of  CSA have been described. 
However, in some cases etio-pathogenesis has not 
been established1. In order to understand the normal 
mechanisms regulating the ventilation during sleep 
and wakefulness, the patho-physiology of  the CSA 
must be lightened. All possible underlying causes of  
CSA should be investigated during the care of  pa-
tients with the disorder. 
Ventilation during sleep is controlled by complex 
mechanisms, in where the brain stem and its path-
ways play an important role. The brain stem is a 
primary generator for rhythmic breathing pattern 
during sleep and wakefulness2. Therefore, vari-
ous neurological diseases affecting brain stem have 
been implicated in the development of  sleep apnea. 
Certain pathological conditions, such as hemorrhage, 
infarction, tumors, brain stem encephalitis, trauma, 
Arnold-Chiari malformations, damaging the area 
may result in breathe dysrhythmias, mostly the cen-
tral sleep apneas, during sleep 3, 4.
In this report, we presented four patients with com-
plaints of  snoring, hypersomnolence, frequent noc-
turnal wakening and witnessed apneas during sleep. 
After a full night polysomnographic recording per-
formed between the dates January 2011 and March 
2012, we mostly detected central apneas coexisting 
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with less frequent obstructive apneas. Sleep disor-
dered breathe events were scored manually accord-
ing to the American Academy of  Sleep Medicine 
criteria5.

The patients were investigated for otorhinolaryngo-
logic, cardiovascular and metabolic disorders; howev-
er there was not any remarkable fi nding. Neurological 
examination was also normal. For a further and de-
tailed neurologic examination we performed a mag-
netic resonance imaging examination and eventually 
detected pathological fi ndings associated with arach-
noid cyst and meningiomas.

Case 1

After a polysomnographic recording a 46-year-old 
male patient with a body mass index (BMI) of  22.5 
kg/m2 was diagnosed with CSA. He had an apnea/
hypopnea index (AHI) of  18.7/h and central ap-
nea index of  12.4/h. MRI examination revealed 
an arachnoid cyst on the brain stem, caudal to the 
right 7, 8 and 9th cranial nerves (Figure 1). The neu-
rosurgeons offered a clinical observation without 
surgery. We applied a continuous positive airway 

pressure (CPAP) therapy and observed the clini-
cal and polysomnographic improvement of  the 
symptoms.

Case 2

A 75-year-old female patient with a BMI of  27.8 
kg/m2 was diagnosed with CSA. She had an AHI 
of  41.6/h and central apnea index of  35.9/h after 
a polysomnographic recording (Figure 2). Except 
from a well regulated hypertension, her medical 
history was unremarkable. A MRI examination re-
vealed a meningioma on the right side of  bulbus 
(Figure 3). The neurosurgeons offered surgery for 
the intracranial mass, however the patient refused 
surgery. Now she is under symptomatic medication 
with acetozolamide 250 mg twice a day. The symp-
tom of  daytime sleepiness has improved. CPAP 
therapy was not started due to the possible risks of  
complications such as the complex central apnea or 
intracranial hypertension.

Case 3

A 56-year-old female patient with a BMI of  25.6 
kg/m2 was diagnosed with CSA. She had an AHI 
of  16.9/h and central apnea index of  11.5/h after a 
polysomnographic recording. In the examination of  
a computerized tomography (CT) (Figure 4) and a 
contrast enhanced MRI, we detected a mass with the 
dimensions of  15x10 mm suggesting a meningioma 
on the left side of  the lower bulbus.  Surgical inter-
vention was suggested, however the patient refused 
surgery. She is under periodic follow-up.

Case 4

A 57-year-old female patient with a BMI of  24.3 
kg/m2 was diagnosed with CSA. She had an AHI 
of  23.7/h and central apnea index of  13.7/h after 
a polysomnographic recording. In the MRI exami-
nation, a meningioma with 43×33×23 mm dimen-
sions was detected at the right cerebellopontine angle 
(Figure 5). Surgical removal of  the mass was indi-
cated and the patient was referred to another center.

Discussion

Advancements in the electrophysiological, radiologi-
cal, neuroanatomical and neurochemical techniques 
have provided suffi cient information on the orga-
nization of  respiratory rhythmogenesis, control of  

Figure 1. A coronal T2 weighted MRI image of a hyperintense lesion at the right 
pons and bulbus.
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respiratory functions and chemosensitivity. There are 
three processes for the rhythmic breathing.

The fi rst process controlling ventilation is the meta-
bolic control system consisting of  the vagally medi-
ated intrapulmonary receptors, complex brain stem 
mechanisms, and the carotid and medullary chemo-
receptors for hypercapnia and hypoxia.

The second system is the behavioral or volitional 
control systems acting during daily routine practices 
like eating or talking. The origin of  this mechanism is 
probably located in the forebrain.

The third ventilatory mechanism is the wakefulness 
stimulus for increasing the ventilation that is inher-
ent to the waking state. The neurons that control this 
process are located in three regions; nucleus of  the 
solitary tract, the ventrolateral medulla and the dor-
solateral pons2. Thus, the brain stem and its connec-
tions are the important points that control breath-
ing during sleep and wakefulness. Various neurologic 
disorders affecting brain stem and its pathways have 
been implicated in the development of  the sleep ap-
nea, particularly the central apnea3,4.

Figure 2. A polysomnographic recording showing central sleep apnea.

Figure 3. A sagittal contrast enhanced T1 weighted MRI 
image of a diffuse contrast enhanced lesion at the right 
lower bulbus.

Figure 4. A CT image of a hyperdense lesion at 
the left lower bulbus.

Figure 5. A transverse T2 weighted MRI image of an 
iso-hyperintese lesion at the right cerebellopontin 
angle.
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In our patients, although we could not fi nd any ab-
normality in their physical and neurological examina-
tion, we detected that the CSAs were more dominant 
than the obstructive apneas. These fi ndings led us to 
the suspicion of  subclinical brain stem pathology. 
All patients were investigated for other causes of  the 
CSA, however no cardiovascular, renal or metabolic 
diseases were detected. All four patients were diag-
nosed with brain stem pathologies with the help of  
MRI and CT. The occult pathologies of  the patients 
were slowly growing masses of  arachnoid cyst and 
meningioma. Probably the characteristic of  the slow 
growth and progression of  the lesions resulted in 
sleep apnea related symptoms instead of  localized 
neurologic defi cits. From this point of  view, a brain 
imaging examination should be offered in the pa-
tients with a predominant CSA, even if  their clinical 
and physical examinations are normal. 



<<
  /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 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile 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.)
    /TRK ()
    /TUR ()
  >>
  /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


