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Abstract
Background: Neurosurgical operations in the dorsal craniumoften require the patient to be positioned in a sitting position. This
can be associated with decreased cardiac output and cerebral hypoperfusion, and possibly, inadequate cerebral oxygenation.
In the present study, cerebral oxygen saturation was measured during neurosurgery in the sitting position and correlated with
cardiac output.
Methods: Perioperative cerebral oxygen saturation was measured continuously with two different monitors, INVOS® and
FORE-SIGHT®. Cardiac output was measured at eight predefined time points using transoesophageal echocardiography.
Results: Forty patientswere enrolled, but only 35 (20 female)were eventuallyoperated on in the sitting position.At thefirst time
point, the regional cerebral oxygen saturation measured with INVOS® was 70 ( 9)%; thereafter, it increased by 0.0187%min−1

(P<0.01). The cerebral tissue oxygen saturation measured with FORE-SIGHT® started at 68 ( 13)% and increased by 0.0142%
min−1 (P<0.01). Themean arterial blood pressure did not change. Cardiac outputwas between 6.3 ( 1.3) and 7.2 (1.8) litremin−1

at the predefined time points. Cardiac output, but not mean arterial blood pressure, showed a positive and significant
correlation with cerebral oxygen saturation.
Conclusions: During neurosurgery in the sitting position, the cerebral oxygen saturation slowly increases and, therefore, this
position seems to be safewith regard to cerebral oxygen saturation. Cerebral oxygen saturation is stable because of constant CO
and MAP, while the influence of CO on cerebral oxygen saturation seems to be more relevant.
Clinical trial registration: NCT01275898.
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Editor’s key points

• The sitting position has some advantages, and is still used,
for some neurosurgical operations.

• This position during anaesthesia can have profound
haemodynamic consequences, with potential cerebral
hypoperfusion.

• The authors measured cerebral oxygenation and cardiac
output in a cohort of sitting patients.

• Cerebral oxygenation increased from baseline during the
procedure and was correlated with cardiac output.

For neurosurgical procedures in the dorsal cranium, the sitting
position is often required, which necessitates a careful anaes-
thetic approach. The sitting position in anaesthetized patients
might result in a deterioration of the cardiac output (CO) with a
consecutive decrease in mean arterial blood pressure (MAP).1–3

Changes in haemodynamics may influence cerebral blood flow
and, thereby, cerebral oxygen saturation, which can bemeasured
easily using near-infrared spectroscopy (NIRS).4 This method is
well established and can detect cerebral oxygen desaturation
caused by cerebral hypoperfusion during carotid and cardiovas-
cular operations.5–7 As cerebral oxygen saturation seems to be in-
dependent ofMAP,5 8 it is possible that cerebral oxygen saturation
might correlate with CO and, therefore, is flow dependent rather
than pressure dependent. Cardiac output can be measured by
transoesophageal echocardiography (TEE), which is used anyway
during neurosurgical procedures in the sitting position to detect
potential air embolism.9

The hypothesis tested in the present study is that the sitting
position impairs cerebral oxygen saturation, measured with
two different monitors, in anaesthetized patients undergoing
neurosurgery in the dorsal cranium. We also investigated
whether MAP, CO, or both determine cerebral oxygenation.

Methods
The study was approved by the local ethics committee of
Rhineland-Palatinate, Germany [approval number: 837.009.10
(7018)], and written informed consent was obtained from all
patients. The presented data are a subset from the previously re-
gistered study at clinicaltrials.gov with the registration number
NCT01275898. All patients were recruited and anaesthetized at
the Department of Anaesthesiology at the University Medical
Centre Mainz in Germany. Patients of the cohort study were
screened according to the operation schedule pending for neuro-
surgical treatment in the sitting position and were screened by
one of the authors. Exclusion criteria were symptomatic cerebro-
vascular diseases, symptomatic coronary diseases, haemoglobin
(Hb) concentration <10 mg dl−1, and pregnancy.

In all patients, general anaesthesia was administered. Thirty
minutes before induction of general anaesthesia, all patients
received oral lorazepam 1 mg or midazolam 7.5 mg for pre-
medication. The ECG, non-invasive blood pressure, and periph-
eral oxygen saturation ðSpO2

Þ were monitored after arrival of
the patient. General anaesthesia was induced using sufentanil
0.3–0.5 µg kg−1 i.v. followed by propofol 2mg kg−1 i.v. and atracur-
ium 0.5 mg kg−1 i.v. Anaesthesia was maintained with continu-
ous infusion of propofol and remifentanil (Table 1), and
repeated injections of atracurium as clinically indicated. The
MAP was measured using an arterial cannula in a radial artery
and maintained >60 mm Hg using continuous norepinephrine
infusion (Table 1). Pressure-controlled mechanical ventilation
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