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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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with a PEEP of 0.49 kPa and an inspiratory oxygen fraction ðFIO2 Þ of
0.4 was adjusted to maintain an end-expiratory partial pressure
of CO2 between 4.7 and 6.0 kPa throughout the measurement
period. After surgery, all patients were transferred to the inten-
sive care unit. The fraction of inspired and expired oxygen,
end-expiratory partial pressure of CO2, SpO2

, arterial blood
pressure, and body temperature were measured throughout the
duration of anaesthesia (Primus and Infinity Delta; Draeger,
Luebeck, Germany).

Transoesophageal echocardiography was routinely used
for monitoring of air embolism. For the present study, TEE was
additionally used to measure CO at predefined time points.
Measurement of CO was performed by measuring the diameter
of the left ventricular outflow tract at the aortic valve ring and
the time–velocity integral over the aortic valve by pulsed-wave
Doppler ultrasound. Cardiac output was calculated using inher-
ent algorithms within the TEE device (GE 6T® TEE-probe/Vivid
S6®; GE Healthcare, Wauwatosa, WI, USA).

The time points at which the CO was measured were as
follows: (1) after induction of anaesthesia and in a steady state in
the supine position; (2) after infusion of 500 ml of hydroxyethyl
starch (HES) 130/0.4/6%; (3) before positioning in the sitting
position; (4) 5–10 min after placement in the sitting position;
(5) before the start of surgery; (6) after the start of surgery; (7) at
the end of the surgical procedure in the sitting position; and
(8) 10 min after the patient was returned to the supine position.

Regional cerebral oxygen saturation (rSO2 ) was assessed
continuously using the INVOS® cerebral oximeter (Somanetics,
Troy, MI, USA), and cerebral tissue oxygen saturation (StO2 ) was
assessed continuously with the FORE-SIGHT® cerebral oximeter
(Cas Medical Systems Inc., Branfort, CT, USA). Sensors of each
oximeter were positioned according to the manufacturers’ in-
structions on the right and the left forehead in the frontotempor-
al position before induction of anaesthesia. Allocation of INVOS®

and FORE-SIGHT® sensors on the right or left side was assigned
in an alternate randomization. A clinically relevant change in
cerebral oxygen saturation was defined as either a decrease to
<50% or a change of >5%.10 Cerebral oxygenation was measured
continuously after induction of general anaesthesia. The FIO2

was maintained at 0.4 throughout anaesthesia. As an interven-
tional threshold, a decrease of cerebral oxygenation by >20%
from baseline or below the absolute value of 50% was defined,
necessitating an alteration from the sitting position or an in-
crease of FIO2 .

Statistical analysis

Physiological data are expressed as the mean () for normally
distributed values or the median and interquartile range (IQR).

Power analysis was performed with the software package R
(www.r-project.org) for two-sided pairwise comparison of cere-
bral oxygenation, revealing a minimal sample size of 28 patients
with a clinically relevant Δ of 5, an estimated  of 9, a signifi-
cance level of 0.05, and a power of 0.8 using a two-sided Student’s
paired t-test. Forty patients were included to compensate for
dropouts.

The primary end point of the study was the time course of
cerebral oxygen saturation during neurosurgery in the sitting
position with adjustment for potentially influencing factors.
Linear mixed models were applied to account for correlation
within patients. Near-infrared spectroscopy was the random
variable, and time, SpO2

, MAP, and heart rate (HR) were the
fixed variables. The secondary analysis investigating the rela-
tionship between NIRS and either MAP or CO and was calculated

using linear mixed models with NIRS as a random effect and ei-
ther MAP or CO as a fixed effect. Given the absence of a gold
standard for continuous measurement of cerebral oxygen satur-
ation, no Bland–Altman analysis was done; instead, linear mixed
modelswere applied to compare both oximeters, namely INVOS®

and FORE-SIGHT® (SPSS, version 22; SPSS Inc., Chicago, IL, USA).

Results
Forty patients undergoing neurosurgery in the sitting position
were enrolled between July 2011 and January 2013. Three of
these patients were excluded because the surgical intervention
was not performed in the sitting position, and in two patients a
persistent foramen ovale was detected by TEE, so that the opera-
tions were instead performed in the prone position. In total, data
from 35 (20 female and 15 male) patients were analysed.

All patients underwent surgery in the dorsal cranium; 10
patients because of a meningioma, eight patients because of
primary brain cancer, six patients because of brain metastasis,
six patients because of acoustic neuroma, three patients because
of brain cysts, and two patients because of a cavernoma. The pa-
tients had a mean age of 49 (range 21–75) yr and a BMI of 24.9
(4.2) kg m−2. Three patients had an ASA physiological grade I,
25 patients grade II, and seven patients grade III. The median
duration of the sitting position was 305 (IQR 255–375) min.

Measurement of cerebral oxygen saturation with INVOS®

(rSO2 ) started after attainment of a steady state at 70 (9)%. During
the sitting position, rSO2 increased with a slope of 0.0187% min−1

[P<0.01, 95% confidence interval (CI) 0.0110–0.0265; mixed
model without adjustment]. Adjusting rSO2 for SpO2

, MAP, and
heart rate, the slope was 0.0167% min−1 (P<0.01, 95% CI 0.0096–
0.0239), and therefore, the increase is independent of the tested
cofactors. After returning from the sitting position into the
supine position, rSO2 was 74 (10)% (Fig. 1 and Table 1).

Cerebral oxygen saturationmeasuredwith FORE-SIGHT® (StO2 )
started after attaining a steady state at 68 (13)%. During the sitting
position, StO2 increased slowly with a slope of 0.0142% min−1

(P<0.01, 95% CI 0.0076–0.0208; mixed model without adjustment).
Adjusting StO2 for SpO2

, MAP, andheart rate, the slopewas 0.0132%
min−1 (P<0.01, 95% CI 0.0060–0.0204), and therefore, the increase
was independent of the tested cofactors. After returning to the
supine position, rSO2 was 77 (7)% (Fig. 1 and Table 1).

Mean arterial pressure at baseline was 82 (14) mm Hg. During
the time spent in the sitting position MAP did not change, and
after returning to the supine position MAP was 83 (12) mm Hg
(Table 1).

The HR at baseline was 61 (9) beats min−1. In the sitting pos-
ition, HR slowly increased with a slope of 0.0190 beats min−2

(P<0.01, 95% CI 0.0057–0.0322). After resumption of the supine
position, HR was 65 (14) min−1 (Table 1).

Measurements of CO using TEE at the predefined time points
are presented in Table 1. The bolus i.v. application of 500 ml HES
led to an increase of CO from 6.7 (1.6) litre min−1 at baseline to 7.2
(1.8) litremin−1. Directly after transferring the patient into the sit-
ting position (time point 4) CO decreased to 6.3 (1.3) litre min−1

and reached baseline values at the start of surgery (time point 5).
In a secondary analysis, the correlation of CO with NIRS

revealed a positive regression for INVOS® with a regression
coefficient of 0.664% (litre min−1)−1 (P<0.01, 95% CI 0.230–1.097)
and for FORE-SIGHT® with a regression coefficient of 0.596%
(litre min−1)−1 (P<0.01, 95% CI 0.214–0.977; Fig. 2). A correlation
between cerebral oxygenation and MAP was not found for either
NIRS monitor (INVOS®, regression coefficient 0.041, P=0.15; and
FORE-SIGHT®, regression coefficient 0.020, P=0.44; Fig. 2).
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During neurosurgery, only three patients received red blood
cell concentrate transfusions. The median estimated blood
loss was 300 (IQR 200–575) ml. Median fluid substitution was
performed with 5.0 (IQR 3.5–5.5) litres of Ringer solution in com-
bination with 1.0–1.5 litres of HES 130/0.4/6%. Perioperative
physiological parameters are presented in Table 1.

Comparing rSO2 with StO2 , a good association, with a slope of
0.88 (P<0.001, 95% CI 0.77–0.98), could be found.

The predefined interventional threshold of NIRS with a de-
crease of cerebral oxygenation by >20% from baseline was not
reach by any patient; values below the absolute value of 50%
were reached in two patients using INVOS®. Both patients simul-
taneously showed values >50% measured with FORE-SIGHT®,
and the MAP was >60 mm Hg; therefore, the surgery was not
stopped and the FIO2 was kept at 0.4.

Discussion
Neurosurgery in the sitting position leads to a significant but clin-
ically irrelevant increase in cerebral oxygen saturationmeasured

with INVOS® and FORE-SIGHT®; therefore, the present study
demonstrates that in the sitting position cerebral oxygen satur-
ation is not impaired and this position can be assumed safely.
Also, values of cerebral oxygen saturation are correlated with
values of CO (flow) rather than MAP (pressure).

Near-infrared spectroscopy monitoring predicts cerebral
ischaemia and hypoperfusion in patients undergoing carotid
surgery, coronary bypass surgery, and general abdominal
surgery.6 7 10 In the present study, a statistically significant but
clinically irrelevant small increase in cerebral oxygen saturation
was found. Desaturation did not occur throughout the whole
measurement period. Therefore, the sitting position during
neurosurgery in the dorsal cranium seems to be savewith regard
to cerebral hypoxaemia. This finding was in contrast to the de-
crease in cerebral oxygen saturation during beach-chair position-
ing for orthopaedic surgery.4 8 Beach-chair positioning is also a
sitting position used during surgery in anaesthetized patients.
The patients included in the present study and the beach-chair
studies had comparable characteristics regarding ASA grading
and age. Differences between the beach-chair studies and the
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present study were the monitoring of CO and the presumed fluid
administration. In the present study, >1 litre h−1 of fluid was
administered compared with only 0.5 litres h−18 or less4 in the
beach-chair studies. The neurosurgical patients of the present
study received more crystalloid and colloid fluid substitution,
which is necessary to keep the CO constant during neurosurgery
in the sitting position.2 11 Anaesthetics lead to venous and
arterial vasodilation, followed by changes in fluid distribution.
Infusion of fluids results in a better cardiac preload and keeps
the CO in a normal range.11 Accordingly, the first defined
500 ml colloidal infusion bolus administered to the patient in
the supine position increased the CO in the present study. Sitting
the patient up leads to a venous pooling of the intravasal blood
volume, and adequate fluid administration is able to compensate
for this, supporting an adequate cardiac preload. This effect
of anaesthesia and the sitting position also occurs in beach-
chair positioning during orthopaedic surgery. However, in both
beach-chair studies the CO was not monitored and the MAP
was kept within the predefined limits using vasopressors rather
than fluid administration.4 8 Therefore, a possible explanation of
the moderate increase of cerebral oxygen saturation in the pre-
sent study, which contrasts with the observed decrease during
beach-chair positioning, might be provided by the monitoring
and stabilization of CO attributable to fluid administration in
addition to vasopressors.

The cerebral oxygen saturation was positively correlated with
COandnotwithMAP. Cerebral oxygen saturationmay improve as
a result of an adequate blood flow in addition to a normalized
blood pressure. This flow dependency could be observed by
intraoperative monitoring with NIRS in paediatric heart surgery,
with a significant correlation of the NIRS values with changes in
cardiac index.12 Furthermore, a good correlation between NIRS

values and central venous oxygen saturation, an accepted
parameter for estimation of CO, was shown in paediatric and
adult patients during heart surgery.13 14 These results show the
dependency of cerebral oxygen saturation on blood flow repre-
sented by the CO. This, and the results of the beach-chair studies,
led to the assumption that the treatment of patients with
low cerebral oxygen saturation should preferentially focus on
optimization of CO and not exclusively on elevation of MAP.
Furthermore, cerebral oxygen saturation is dependent on the oxy-
gen supply, and therefore, the concentration of Hb in the blood.
During the observation period in the present study, Hb increased
slowly and could be an additional cause for the increased cerebral
oxygen saturation. This increase inHb combinedwith the observed
increase of the HR might be caused by an intravasal fluid deficit.
Only three patients received a transfusion of red blood cell concen-
trates. This haemoconcentration could be caused by fluid distribu-
tion into the extravasal tissue as a result of the higher venous
pressure in the lower extremities in the sitting position.15 Another
main factor determining oxygen supply, the arterial partial pres-
sure of oxygen, was stable throughout the measurement, and
therefore, had no influence. The arterial partial pressure of carbon
dioxide may also affect cerebral perfusion by influencing cerebro-
vascular resistance, but the arterial partial pressure of carbon diox-
ide also remained stable throughout the measurement period.

The observed increase of cerebral oxygen saturation in the sit-
ting positionmight be a result of multiple factors. Adequate fluid
admission that results in a stable CO in combination with an in-
crease of Hb and a stable MAP by the use of vasopressors led to a
stable cerebral oxygen saturation. The MAP is easier to measure,
but with regard to the cerebral oxygen supply the COmight be an
additional and relevant factor that has to be taken into account
for the choice of treatment strategies.
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The two NIRS monitors use different wavelengths for the
measurement of oxygen saturation. The INVOS® cerebral oxim-
eter uses two infrared wavelengths (730 and 810 nm), whereas
FORE-SIGHT® is a cerebral oximeter that uses four wavelengths
(690, 778, 800, and 850 nm) of laser light to calculate the ratio of
oxyhaemoglobin to deoxyhaemoglobin. Both monitors calculate
the cerebral oxygen saturation and not the partial pressure of
oxygen in the brain parenchyma. Furthermore, NIRS does not
exclusively measure the cerebral oxygen saturation because the
signal is potentially contaminated by blood from extracranial
arteries.16 This is well defined and already integrated into the cal-
culation of the oxygen saturation values. Despite these potential
confounders, NIRS is a reliable method to measure changes of
cerebral oxygenation over time.17 In accordance with previous
studies, the mean values of both NIRS monitors are comparable
in the present study, but FORE-SIGHT® values showed a smaller
 compared with INVOS®.4 18 19 Both NIRS monitors reliably
measure changes of cerebral oxygen saturation over time.

The present study has several limitations. The anaesthetist
was not blinded to the cerebral oxygen saturationmeasurement,
with potential influence on the results. However, the predefined
thresholds of cerebral oxygen saturationwere reached by none of
the patients. Furthermore, the FIO2 , as a relevant influencing fac-
tor, was constant at 0.4 throughout the measurements. There-
fore, the lack of a blinded setting should have no relevant
influence on the presented results.

Transoesophageal echocardiography cannot be used to calcu-
late the real CO because the Doppler ultrasound used measures
only flow velocity and not blood flow. Therefore, measurement
of CO with TEE provides only an estimate of CO.20 A comparison
of TEE-derived CO values with values based on measurement of
CO by thermodilution shows good agreement.21 Furthermore, the
calculation of CO using TEE is observer dependent. To minimize
this potential error, only one observer (I.T.) carried out the CO
measurement. Despite these limiting factors, the measurement
of CO using TEE was successful and provides correct values for
the presented calculations.

Conclusion

Cerebral oxygen saturation increases slightly during neurosurgi-
cal operations in the sitting position while CO and MAP are kept
constant within physiological limits. To optimize CO, adequate
fluid administration is necessary to compensate for venous pool-
ing in the lower extremities. Interestingly, the cerebral oxygen
saturation correlates with the CO rather than the MAP. The
results show that NIRS values are stable because of constant CO
and MAP, while the influence of CO on NIRS seems to be more
relevant.
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