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Abnormally low bispectral index and isoelectric electroencephalogram
observed after administration of small doses of propofol during
induction of anesthesia
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can guide the anesthetist in obtaining sufficient anesthe-
sia with a reduced amount of anesthetic. Here, we
present a case in which an unexpectedly, unusually low
bispectral index (BIS) value and almost isoelectric pat-
tern of the EEG were observed during typical induction
of anesthesia with propofol.

Case report

A 65-year-old male patient, 182cm in height and 95kg
in weight, and American Society of Anesthesiologists
(ASA) II (because of diabetes mellitus and mild hyper-
tension; treated with insulin and enalapril for 10 years)
was scheduled for excision of a perivesical tumor during
general anesthesia. This patient participated in the
study of the new EEG-based method of assessing depth
of anesthesia. Informed consent was obtained for the
operative, anesthetic, and monitoring procedures, in
accordance with protocols approved by the Local Ethics
Committee.

Standard oral premedication (7.5 mg midazolam) was
administered 30min before admission to the operating
theatre. On arrival in the anesthetic room, monitoring
by pulse oximetry (SpO2

), end-tidal carbon dioxide ten-
sion (EtCO2

), noninvasive blood pressure, and ECG
(monitor S/5; Datex-Ohmeda, Helsinki, Finland) was
commenced, and an I.V. cannula was inserted, after
which the patient’s lungs were preoxygenated via a face
mask for approximately 5min. Brain electrical activity
was measured continuously with an A-2000 BIS Moni-
tor (Aspect Medical Systems, Newton, MA, USA). The
low-impedance electrodes (Zipprep; Aspect Medical
Systems) were attached to the patient’s temporal area
and forehead. The impedance of the electrodes was
checked every 3min and remained below 3 kW during
the study. The unprocessed EEG signal (sampled at
128Hz) and the processed EEG derivatives, BIS and
burst suppression ratio (BSR), were recorded onto a
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Introduction

There is a wide variability in the responses of patients to
propofol. Therefore, the dosage and rate of propofol
administration should be titrated appropriately to the
individual needs of the patient. Factors that influence
the propofol dosage requirements include age, weight,
pre-existing medical conditions, type of surgical proce-
dure, and concomitant medical therapy. In the absence
of an objective monitor of anesthetic depth, it is com-
mon practice to titrate the anesthetic drugs using
clinical signs. However, the electroencephalogram
(EEG)-based methods of monitoring anesthetic depth
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portable personal computer using the software
Bispectral Analyzer for BIS (BSA for BIS version
3.22B2 for A-2000) [1].

Anesthesia was induced with fentanyl (3mgkg-1),
propofol carefully titrated up to a total dose of 120mg
(1.26 mgkg-1) according to the BIS value, followed by
vecuronium (0.08 mg/kg). After obtaining adequate an-
esthesia (BIS = 40), tracheal intubation was performed.
Following intubation, the lungs were ventilated with an
oxygen/air mixture (FIO2

 = 0.50) to achieve normocapnia
(EtCO2

 = 38 ± 2mmHg). Dosage and timing of drug ad-
ministration are shown in Fig. 1.

The recorded EEG was reviewed postoperatively.
Two minutes after the beginning of propofol adminis-
tration, the EEG showed burst and suppression (BS)
patterns for the next 12 min (Fig. 1). The EEG during
this period was characterized by gradual prolongation
of suppression periods until the appearance of an
isoelectric line lasting 50 s (Fig. 2B). After that, burst
activity returned (Fig. 2C), and finally at 9 : 18 : 50
the burst suppression pattern disappeared (Fig. 1).
At this time, SpO2 remained greater than 97%, end-
tidal CO2 was 36–38mmHg, the pulse rate was 60–
65 beats min-1, and the blood pressure, which had been
150/90 mmHg at the beginning of induction, dropped to
110/80 mmHg.

When the BIS value returned to 30, maintenance of
anesthesia was continued with 50% nitrous oxide in
oxygen and 1.2%–1.8% sevoflurane to keep the BIS
value between 40 and 60. In addition, intermittent
boluses of fentanyl 1mg/kg and vecuronium 0.01 mg/kg
were administered. Surgery lasting 65 min was per-
formed without complications, and the patient tolerated
the operation well. After completing the surgery, anes-

thesia was terminated and muscular block was reversed
with 1 mg neostigmine. The BIS value increased gradu-
ally, and the patient opened his eyes soon after and
responded to commands. After smooth tracheal extuba-
tion, the patient returned to the ward in good condition.
A detailed neurological examination performed the
next day did not show any neurological abnormalities.
The postoperative recovery period was uneventful, and
the patient was discharged home 6 days later.

Discussion

Burst suppression induced by large doses of anesthetics
is associated with reduced cerebral metabolic demand
and possible brain protection from ischemia; however
this pattern also occurs after head trauma and most
characteristically in ischemic brain damage. England
reported changes in bispectral index and appearance of
burst suppression and flat EEG during transient hypov-
olemic cardiac arrest [3] that were almost identical to
those described in this article. The sudden loss and re-
turn of blood pressure after cardiopulmonary resuscita-
tion evoked a parallel changes in the BIS value, with
transient electroencephalographic silence (100% burst
suppression). The author suggested that the patient was
not going to experience permanent ischemic brain in-
jury because of the reversible nature of changes in the
electroencephalography [3].

In our case, the most worrisome thought during ob-
servation of the flat EEG signal was that this could
possibly represent ischemic brain damage. Despite the
similar pattern of EEG, it was unlikely that the de-
pression of cortical electrical activity was caused by

Fig. 1. Changes in bispectral index (BIS)
and burst suppression ratio (BSR) values
during induction of anesthesia. Arrows
A–C indicate the moments at which the
electroencephalographic signals shown in
Fig. 2 were recorded
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transient hypotension in the present case. Excluding
ischemic brain damage, only one explanation of the
observed EEG pattern could be taken into consider-
ation: a greater sensitivity to anesthetics.

Propofol, in common with other hypnotic drugs, in-
duces dose-dependent changes in the EEG. When
propofol is infused at a low rate to provide sedation, the
most commonly observed EEG change is an increase in
beta activity. However, when given at a rate sufficient to
produce unconsciousness, propofol produces an in-
crease in delta activity. At even higher infusion rates,
propofol can achieve EEG burst suppression [4]. To
achieve BS during neuroanesthesia, blood propofol
concentrations of 6.3 ± 1.4mgml-1 were required [5]. It is
known, from previous studies, that to induce an isoelec-
tric EEG much higher doses of propofol are required
[6].

Ravussin and de Tribolet used a continuous infusion
of propofol to provide anesthesia for cerebral aneurysm
surgery. EEG burst suppression was achieved by

increasing the propofol infusion to 500mgkg-1 min-1.
During this treatment period, volume loading and
dopamine infusions were necessary to avoid hypoten-
sion [7]. In another study, the propofol infusion rate
required to maintain maximal EEG suppression (iso-
electric EEG) varied between 250 and 300mgkg-1 min-1

and averaged 277 ± 8 mgkg-1 min-1. All patients required
phenylephrine infusion to support the mean arterial
pressure (MAP) [6]. As might be expected, the use
of propofol to achieve EEG burst suppression is
associated with a reduction in cardiac output and
MAP. Propofol 1mgkg-1 followed by an infusion of
333mgkg-1 min-1 for 30 min, and then 250mgkg-1 min-1

was used to produce burst suppression [8]. While main-
taining the cardiac filling pressure at baseline levels
with supplemental fluids, MAP, cardiac output, and left
ventricular stroke work index decreased by 20%, 23%,
and 26%, respectively.

In our report, isoelectric EEG was achieved with
much lower doses of propofol, which was not associated

Fig. 2. Raw electroencephalograms
(EEG) obtained at the following mo-
ments: beginning of the induction of
anesthesia (A); lowest BIS value (B); and
typical burst and suppression (C). BIS,
bispectral index; BSR, burst suppression
ratio; SEF 95, spectral edge frequency 95
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with significant changes in hemodynamic parameters.
Although high doses of propofol are required to pro-
duce EEG suppression, opiates usually combined with
a hypnotic allow a propofol-sparing effect. High-dose
infusion of sole fentanyl results in slowing of EEG
progressing to the formation of delta waves (4 Hz,
amplitude 50 mV) but does not produce EEG burst
suppression [9]. A supraadditive interaction between
fentanyl and propofol has been reported for clinical
signs such as loss of consciousness, loss of the eyelash
reflex, or regaining consciousness as well as EEG
changes [10,11]. Finally, we would like to emphasize
that in our case there was no evidence of misinterpreta-
tion of data by BIS monitor. Signal quality index per-
sisted at its highest level (100%). Impedance of the
electrodes remained below 3W. In addition, the whole
recorded raw EEG signal was inspected visually after-
ward. During the period of lowest BIS, it showed an
isoelectric line disturbed only by periodic, regular
(70 min-1) ECG artifacts (see Fig. 2B).

In summary, the findings described in this case report
support the thesis that there is a wide variability in the
response of patients to propofol that cannot be detected
without continuous monitoring of cortical electrical ac-
tivity during the operating period.
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