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Abstract

We report a patient with Parkinson’s disease undergoing cra-
niotomy for a brain tumor, who had clinically adequate hyp-
nosis at a very low concentration of isoflurane. While the raw
EEG showed low-voltage slow electrical activity, the EEG
analyzer of the monitor displayed high burst suppression
ratios. The role of intracranial pathology and drug therapy as
possible causes of the low anesthetic requirement for ade-
quate hypnosis are discussed. This report also draws attention
to the possibility of erroneous analysis of burst suppression by
EEG modules.
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Introduction

Central nervous system pathology and drugs used in the
treatment of central nervous system disorders may have
a profound influence on electroencephalographic
activity, which may confound the monitoring of raw or
processed EEGs. We report a case where a patient with
Parkinson’s disease undergoing a craniotomy for brain
tumor had clinically adequate hypnosis at a very low
concentration of isoflurane. While the raw EEG showed
low-voltage slow electrical activity, EEG-derived
parameters did not indicate the depth of anesthesia
correctly.

Case report
A 40-year old woman presented with a history of head-

ache associated with nausea and vomiting for 6 months.
On examination she was conscious, and oriented to
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time, person, and place. Results of systemic examina-
tion were within normal limits. Results of all the routine
biochemical and hematological investigations were
within normal limits. A lateral X-ray of the skull showed
a “beaten-silver” appearance. Magnetic resonance
imaging of the head showed a large left pterional menin-
gioma with a midline shift of 5 mm.

The patient also complained of tremors in the upper
extremities that had been present for 6 months. A neu-
rological consultation led to a concurrent diagnosis of
Parkinson’s disease on the basis of pill-rolling tremor,
rigidity, and bradykinesia. She was treated, over a
period of 15 days, with escalating doses of Syndopa
(M/S Sun Pharmaceutical Industries, Mumbai, India)
tablets, each tablet containing 100 mg levodopa and
10 mg carbidopa. The initial dose was half a tablet twice
a day and the final maintenance dose just before surgery
was one tablet four times a day (400 mg levodopa and
40 mg carbidopa per day in four divided doses). Her
tremor was also treated with clonazepam 0.5 mg daily
for 6 days before surgery.

In the operating room, anesthesia was induced with
fentanyl 125 pg and thiopentone 300 mg. Tracheal intu-
bation was facilitated by vecuronium bromide 8 mg and
lignocaine 100 mg. Anesthesia was maintained with air-
oxygen-isoflurane and intermittent boluses of fentanyl
and vecuronium. Intraoperative monitoring consisted
of electrocardiogram, invasive blood pressure, capnog-
raphy, and pulse oximetry. Following the induction of
anesthesia and surgical positioning, bipolar scalp cup
electrodes (Fp,-T, and C,-O,) were placed for monitor-
ing two EEG channels on the side contralateral to the
tumor (Fig. 1). As soon as the electrodes were placed,
both the EEG channels displayed low-voltage slow
waves. Despite the fact that there were no bursts or
suppression of the EEG, the monitor displayed burst
suppression ratios (BSRs) of 90% and 60%, respec-
tively, in the Fp,-T, and C,-O, channels. At this point
of time, the endtidal isoflurane concentration (ET,,)
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Table 1. EEG parameters displayed by the monitor at 30 min and 180 min after

induction
Fp,-T, C,-0,
At At End of At At End of

30min  180min  Surgery 30min 180 min  Surgery
SEF 8.6 5.5 51 9.8 31 43
Amplitude (uLV) 6.5 10.6 172 32 7.6 7.3
Delta % 94 92 93 96 98 94
Theta % 5 7 4 4 2 3
Alfa % 5 1 1 1 1 2
Beta % 1 0 1 0 0 0
BSR 86 65 10 85 93 78

SEF, spectral edge frequency; BSR, burst suppression ratio

was 0.5 % and the vital parameters were as follows:
heart rate (HR), 71 beats per min (bpm); blood pressure
(BP), 111/74 mmHg; and endtidal CO, pressure (Petc,),
31 mmHg. The low-voltage slow electrical activity
without any evidence of burst suppression persisted
despite decreasing the ET,, to 0.2%-0.4%, while the
monitor still continued to show very high burst suppres-
sion. The EEG variables as displayed by the monitor at
30 min and 3 h after the induction of anesthesia are
shown in Table 1. The vital parameters at 3 h were: HR,
103 bpm; BP, 134/74 mmHg; Petc(, 29 mmHg; and ET,,
0.2%. After discontinuation of the anesthetic at the end
of surgery, the amplitude and the frequency of the EEG
recovered significantly faster in the FP,-T, channel than
in the C,-O, channel. The neuromuscular block was
antagonized with atropine and neostigmine and the
trachea was extubated 15 min later. The patient was

drowsy but obeying commands. She did not have any
recall of the intraoperative events despite the very low
concentration of isoflurane used during the surgery.
A 16-channel EEG recorded on postoperative day 7
showed no abnormality.

Discussion

The interesting feature of this case report is the
clinically adequate anesthesia achieved at a very low
isoflurane concentration. The raw EEG showed low-
frequency low-amplitude activity at an endtidal iso-
flurane concentration of 0.2%-0.4%. The monitor
spuriously displayed a high degree of burst suppression
at this concentration; this contrasts with the concentra-
tion of isoflurane required to produce burst suppression
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in various earlier studies, which varied between 1.25%
and 1.7% [1-3].

Previous reports have shown that EEG monitors,
including bispectral index monitors, may display spuri-
ously high BSR values without evidence of bursts on the
raw EEG [4,5]. This fallacy results from misinterpreta-
tion of the low-amplitude EEG as burst suppression by
the monitor. This could have been the case in our
patient, resulting in a mistaken judgment that the patient
was under deep anesthesia, while the raw EEG did not
suggest such a profound depth of anesthesia. It was, in
fact, difficult to assess the level of hypnosis from the
EEG pattern. However, the facts that the patient
required 15 min to become fully awake after isoflurane
was discontinued and that she did not have any intra-
operative recall confirm that the depth of anesthesia was
adequate even at such a low anesthetic concentration.
Subjecting the EEG to analysis by another EEG ana-
lyzer would have correctly quantified the amplitude and
frequency of the raw EEG. Such an exercise could not
be undertaken, as the EEG was not recorded in a format
that was amenable to subsequent offline analysis.

The probable causes of the low-voltage and low-
frequency EEG and the satisfactory clinical anesthesia
at a very low isoflurane concentration, 0.2 minimum
alveolar concentration (MAC), are not clear. These
findings could have been a result of the patient’s intra-
cranial pathology or her preoperative medications. The
patient might have had such an EEG abnormality pre-
operatively, which disappeared with the excision of the
tumor. Alternatively, her preoperative EEG could have
been normal and the low-voltage slow EEG observed
during surgery at a very low isoflurane concentration
could have been the result of some intraoperative
factors. Frequency and amplitude EEG changes that
are proportional to the level of consciousness are
reported in patients with rapidly growing tumors, but
not in those with slowly expanding noninfiltrating
lesions [6], such as that seen in our patient. Our patient
was conscious and had a slow-growing meningioma.
Low-voltage EEG, which is reported in about 4% of the
normal population [7] can be ruled out as a cause of the
EEG changes seen in our patient, by the normal post-
operative EEG. Cerebral ischemia as a cause of the
low-voltage and low-frequency EEG in our patient was
excluded by the absence of causative factors such as
significant brain retraction, hypotension, hypovolemia,
hemodiution, and severe hypocapnia or hypoxia in the
introperative period. The uneventful recovery of our
patient, without any neurological manifestations, also
excludes intraoperative cerebral ischemia.

Levodopa causes a slight increase in basic background
frequency [8] or a localized increase in the power in all
EEG frequency bands [9]. Our patient, though on
levodopa, had a significant decrease in EEG activity

even at a very low anesthetic concentration. Clonaze-
pam alone is unlikely to have been the cause of the low
EEG frequency and amplitude, as the dose received by
the patient was very small.

It appears that, in our patient, several factors—intra-
cranial pathology, benzodiazepine use, and isoflurane—
together were responsible for the low-voltage,
low-frequency EEG and clinically satisfactory anesthe-
sia at a very low anesthetic concentration. Of these
factors, we propose a mechanism of clonazepam-
isoflurane interaction. While clonazepam acts at the
interface between the o and 7y subunits of y-aminobu-
tyric acid (GABA), receptors, isoflurane acts at the
T™,, TM,, and TM; domains of the transmembrane
regions of the same GABA, receptors [10]. Because
both agents act at different parts of the same receptor,
there could have been a synergistic interaction between
the two, resulting in adequate hypnosis even at a low
isoflurane concentration.

The faster recovery of EEG activity in the Fp,-T,
compared to the C,-O, channel after discontinuation of
anesthesia in our patient may be explained on the basis
of the differential effects of anesthetics on the EEG
activity of various areas of the brain. Studies have shown
that the topographic distribution of intraoperative EEG
responses is not homogeneous during isoflurane anes-
thesia [11]. These spatial inhomogeneities have been
reported to have a frontal dominance [12] and to vary
with the depth of anesthesia [13,14]. In the present
patient, at the time of extubation, the EEG was proba-
bly in the process of returning to baseline, with Fp,-T,
EEG showing a more rapid reversal of the amplitude
and frequency than the C,-O, EEG channel.

To conclude, we could adequately manage our patient
at a very low concentration of isoflurane by monitoring
the EEG waveform, although the parameters as calcu-
lated by the EEG monitors did not correctly indicate
the depth of anesthesia.

References

1. Schwartz AE, Tuttle RH, Poppers PJ. Electroencephalographic
burst suppression in elderly and young patients anesthetized with
isoflurane. Anesth Analg. 1989;68:9-12.

2. Hartikainen KM, Rorris M, Perikyld JJ, Laippala PJ, Jéantti V.
Cortical reactivity during isoflurane burst suppression anesthesia.
Anesth Analg. 1995;81:1223-8.

3. Fiol ME, Boening JA, Cruz- Rodriguez R, Maxwell R. Effect of
isoflurane on intraoperative electrocorticogram. Epilepsia. 1993;
34:897-900.

4. Hagihira S, Okitsu K, Kawaguchi M. Unusually low bispectral
values during emergence from anesthesia. Anesth Analg. 2004;
98:1036-8.

5. Muncaster AR, Sleigh JW, Williams M. Changes in conscious-
ness, conceptual memory and quantitative electroencephalo-
graphic measures during recovery from sevoflurane and
remifentanil based anesthesia. Anesth Analg. 2003;96:720-5.



438

6.

10.

A. Jaganath et al.: Clinically adequate hypnosis at very low isoflurane concentration

Cobb WA. Intracranial tumours. In: Hill D, Parr G, editors.
Electroencephalography—a symposium on its various aspects.
London: McDonald; 1952. p. 273-301.

. Inhaled anesthetics. In: Pichlmayr I, editor. EEG atlas for anes-

thesiologists. Berlin New York Heidelberg Tokyo: Springer
Verlag; 1987. p. 76-101.

. Stephens R, Green J, Haycook W, Kilgore M. Electroencephalo-

graphic change in parkinsonism patients treated with levodopa-
carbidopa. Clin Electroencephalogr. 1979;10:31-4.

. Yaar I, Shapiro MB. A quantitative study of the electroencepha-

lographic response to levodopa treatment in parkinsonian
patients. Clin Electroencephalogr. 1983;14:82-5.

Pearce AR. General anesthetic effects on GABA, receptors. In:
Antognini JF, Carstens E, Raines DE, editors. Neural mecha-
nisms of anesthesia. Totowa, New Jersey: Humana; 2003. p. 265—
82.

11.

12.

13.

14.

Kochs E, Bischoff P, Pichlmeier U, am Esch JS. Surgical stimula-
tion induces changes in brain electrical activity during isoflurane/
nitrous oxide anesthesia. Anesthesiology. 1994;80:1026-34.
Bischoff P, Kochs E, Haferkorn D, am Esch JS. Intraoperative
EEG changes in relation to the surgical procedure during isoflu-
rane-nitrous oxide anesthesia: hysterectomy versus mastectomy.
J Clin Anesth. 1996;8:36-43.

Gugino LD, Chabot RJ, Prichep LS, John ER, Formanek V,
Agilo LS. Quantitative EEG changes associated with loss
and return of consciousness in healthy adult volunteers anaes-
thetized with propofol or sevoflurane. Br J Anaesth. 2001;87:
421-8.

Rundshagen, Schroder T, Prichep LS, John ER, Kox WJ. Changes
in cortical electrical activity during induction of anaesthesia with
thiopental/fentanyl and tracheal intubation: a quantitative elec-
troencephalographic analysis. Br J Anaesth. 2004;92:33-8.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /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
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


