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Abstract Background: General anesthesia with neuro-
muscular blockade may facilitate total shoulder arthroplasty
but appears to increase risk of cerebral oxygen desaturation.
Cerebral desaturation is undesirable and is a proxy for risk of

stroke. Purposes/Questions: This study tested the hypothesis
that cerebral oxygen desaturation occurs frequently during gen-
eral anesthesia with neuromuscular blockade and positive-
pressure ventilation but does not occur with spontaneous venti-
lation. Correlations were sought among cerebral oxygen satura-
tion, blood pressure, and cardiac index.Methods:We designed a
prospective, observational, cohort study to measure cerebral ox-
ygenation in 25 patients during general anesthesia, both with and
without positive-pressure ventilation. Patients undergoing elec-
tive shoulder arthroplasty in the sitting position received an
arterial catheter, near-infrared spectroscopic measurement of ce-
rebral oxygenation, and non-invasive cardiac output measure-
ment. Moderate hypotension was allowed. Blood pressure was
supported as neededwith ephedrine or low-dose epinephrine (but
avoiding phenylephrine). Hypercapnia (45 to 55 mmHg) was
targeted during positive-pressure ventilation.Results:No cerebral
oxygen desaturations occurred, regardless of ventilation mode.
Under positive-pressure ventilation, the median (interquartile
range: Q1, Q3) cerebral oxygenation was 110% of baseline
(104, 113), the mean arterial pressure was 62% of base-
line (59, 69), and the cardiac index was 82% of baseline
(71, 104). Cerebral oxygenation did not correlate with
blood pressure or cardiac index but had moderate cor-
relation with end-tidal carbon dioxide. No strokes oc-
curred. Conclusions: There were no signs of inadequate
brain perfusion during general anesthesia using paralytic
agents. Positive-pressure ventilation with moderate hy-
potension in the sitting position does not endanger pa-
tients, in the context of moderate hypercapnia and
hemodynamic support using ephedrine or epinephrine.
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Introduction

Surgeons often request general anesthesia (GA) with neuro-
muscular paralysis to facilitate total shoulder arthroplasty
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(TSA), but anesthesiologists may have concerns about the
management of GA in the sitting position. In particular, GA
may increase risk of complications such as stroke [14, 19].
The low incidence of stroke [5] makes it impractical to
perform prospective studies with stroke as an endpoint.
Cerebral desaturation event (CDE) incidence, determined
by cerebral oximetry [15], is often used as a proxy for risk
of stroke. Rates of CDEs can be as high as 80% during
sitting-position GA [14]. The incidence of CDEs during GA
has been reported at 57%, compared to 0% CDEs during
nerve block with sedation [7]. The studies that demonstrate a
higher incidence of CDE with GA used positive-pressure
ventilation (PPV). The primary goal of the current study is to
determine whether or not PPV is a risk factor for CDE. This
is an important question because if PPV makes patients
more likely to have a stroke, then surgeons and anesthesiol-
ogists could limit duration or frequency of patient exposure
to PPV.

It is also important to consider the management of blood
pressure in the sitting position. Surgeons may request a
lowering of the blood pressure, but anesthesiologists may
worry about the safety of hypotension. Many authorities
recommend avoiding even mild hypotension [4, 19]. How-
ever, at some centers, hypotension is utilized without obvi-
ous difficulty in the sitting position [6, 9, 11, 16, 26, 27].
PPV may increase the hypotension often associated with GA
in the sitting position. The association between GA and
CDEs could be due to GA-associated hypotension, since
hypotension is a potential cause of cerebral ischemia [2,
10, 22]. The best way to determine adequacy of organ
perfusion is debated. Mean arterial pressure (MAP) is
often advocated, but cardiac index (CI) may be a better
predictor of perfusion [8, 18, 24, 25]. For example,
phenylephrine increases blood pressure but decreases
cardiac output and regional cerebral oxygen saturation
(SctO2) [12]. GA with PPV may promote cerebral
desaturation by decreasing cardiac index. The sitting
position is classically thought to cause a decrease in CI
[20], but not all studies show a statistically significant
decline [23].

Other reasons that PPV could impair cerebral blood
flow include PPV-associated elevation of central venous
pressure (thereby decreasing cerebral perfusion pressure)
or PPV-associated hyperventilation. Avoiding hyperven-
tilation was recently found to improve SctO2 among
sitting-position shoulder arthroscopy patients [17].

Our primary study hypothesis was that CDEs occur
frequently during GA with PPV but not during GA with
spontaneous ventilation. We had three goals. First, we
sought to determine whether PPV is associated with
CDEs during GA in the sitting position. Second, we
sought to determine whether decreases in blood pressure
and/or decreases in CI correlate with CDE occurrence.
Third, we sought to determine the incidence of stroke in
this patient study group using the Canadian Neurological
Scale. If CDEs are correlated with ventilation mode,
blood pressure, or CI, it follows that patients could
benefit from modification of these intra-operative risk
factors.

Methods

We designed a prospective, observational, cohort study to
determine the effects of spontaneous ventilation vs. PPV on
CDE rates, MAP, and CI. Patients would receive GA via a
laryngeal mask airway, with and without PPV. This
single-center study was approved by the Institutional
Review Board (IRB) of the Hospital for Special Surgery
(an orthopedics teaching hospital) and registered at
clinicaltrials.gov (#NCT02198183). Written informed
consent was obtained from each patient. Anesthesiolo-
gists were blinded to CI and SctO2.

CDE rates were determined in each patient both with and
without PPV, allowing patients to serve as their own con-
trols. Moderate hypotension was allowed, but blood pressure
was supported as needed with ephedrine or low-dose epi-
nephrine. The primary outcome was the incidence of CDEs,
defined as a reduction in SctO2 greater than 20% from
baseline that lasts for a minimum of 90 s. The 90-s duration
was used to reduce false positives. In a similar study that
defined CDEs as a reduction in SctO2 greater than 20% for
any duration, the median CDE duration was a physiologi-
cally questionable 30 s (one measurement time period),
suggesting that many were artifacts [27]. Secondary out-
comes included CI and MAP.

The inclusion criteria applied were patient age of 18 to
99 years, elective shoulder arthroplasty in the sitting posi-
tion, participating surgeon, participating anesthesiologist,
planned GA, planned interscalene nerve block, and planned
arterial catheter. The exclusion criteria were contraindica-
tions to GA or regional anesthesia, indications for an endo-
tracheal tube, body mass index (BMI) of 30 or more,
ejection fraction of less than 50%, current stress test positive
for ischemia, current signs or symptoms of myocardial is-
chemia, intolerance to study medications, lack of facility
with English, or a history of transient ischemic attack,
stroke, or significant pulmonary disease (restrictive or
obstructive).

Height, weight, age, American Society of Anesthesiolo-
gists physical status, and coexisting diseases were recorded.
Pre-operative neurologic screening used the Canadian Neu-
rological Scale, an instrument validated for measurement of
deficits from acute strokes; low scores indicate greater def-
icit [3]. This baseline was compared to the value obtained on
the patient’s first post-operative day. Data were recorded and
managed through password-protected electronic data cap-
ture tools hosted at the Clinical and Translational Science
Center (CTSC) at Weill Cornell Medical College (New
York, NY). Research Electronic Data Capture (REDCap) is
a secure, web-based application that supports data capture
for research studies.

Cerebral oxygenation was measured using the FORE-
SIGHT ELITE™ Absolute Tissue Oximetry Monitor
(CasMed, Branford, CT, USA). CI was determined with
the NICOM™ Monitor (Cheetah Medical Inc., Newton,
MA, USA). Pre-operatively, patients received FORE-
SIGHT sensors on either side of the forehead and NICOM
sensors bilaterally on the upper and lower quadrants of the
back. Following sedation but before the induction of
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anesthesia, the electrodes were connected to their respective
machines. Sensors were removed prior to transfer to the
recovery room. SctO2 measurements were recorded every
2 s, MAP, pulse oximetry (SpO2), systolic blood pressure
(SBP), and heart rate measurements every 1 s, and CI, CO,
and stroke volume measurements every 30 s.

Participating patients received a standardized anesthetic:
GA, interscalene nerve block, routine monitors, and an
arterial catheter. Prior to surgery, sedation was administered
and an ultrasound-guided interscalene nerve block (0.25%
bupivacaine 20 cc, with preservative-free dexamethasone
3 mg/30 cc) performed. GA was induced with propofol. A
laryngeal mask airway was placed. Anesthesia was main-
tained with propofol infusions, nitrous oxide (30 to 60%),
and isoflurane (0.2 to 0.6%).

Blood pressure management goals were MAP value of
over 60 mmHg and SBP of over 100 mmHg, using a radial
arterial catheter transduced at the level of the external auditory
meatus. Blood pressure goals were modified as clinically
appropriate, depending on the patient’s comorbidities, baseline
blood pressure, and surgical requests. The vasoactive therapies
of choice were epinephrine infusions (4 μg/mL) or ephedrine
boluses (5 mg/mL). If epinephrine or ephedrine were not
tolerated (e.g., tachycardia, ectopy), the protocol allowed ad-
dition of a phenylephrine infusion (40 μg/mL). Phenylephrine
was placed in a tertiary role because of concerns that alpha-
adrenergic effects would reduce CI and SctO2 [12].

Spontaneous ventilation was used until surgical request
for Brelaxation,^ when vecuronium was administered
(0.06 mg/kg IV), and PPV was initiated (with a rate of 12
to 16 breaths/m, pressure inspired value of 10 to 15 cm H2O,
end-tidal carbon dioxide goal of 45 to 55 mmHg). Paralysis
was maintained as needed with additional vecuronium (1 to
2 mg, as needed).

Statistical Analysis

CDE rates in similar studies were 56.7 and 80.3% for pa-
tients undergoing PPV, but 0% with sedation and spontane-
ous ventilation [7, 14]. No previous studies were found that
described CDE rates under GAwith spontaneous ventilation.
The study was powered to detect a slightly conservative
52% vs. 0% incidence of CDEs during PPVand spontaneous
ventilation, respectively (Table 1). Using McNemar’s test for
paired nominal data, 25 patients would provide 80% power
at a two-sided alpha of 0.05 to detect this difference.

Initially, it was planned to enroll 30 patients to account for
exclusions and incomplete data. However, after enrollment
of 20 patients, five had incomplete data due to instrument
malfunction or use of an endotracheal tube. IRB approval
was obtained to enroll up to 40 patients until the goal of 25
patients with usable data was reached. No data analysis was
performed prior to completion of final enrollment; the deci-
sion to recruit additional patients was based on maintaining
power.

Continuous variables are presented as means with standard
deviations or medians with first and third quartiles, depending
on the distribution of the data. Baseline was defined as the
time between sedation start and laryngeal mask airway inser-
tion. Apparent artifacts in the MAP, carbon dioxide, and SpO2

data were removed manually. When plausible invasive MAP
values were not available, data were supplemented with non-
invasive MAP values from the same patient. Hemodynamic
measurements were compared between time periods (baseline,
GA without PPV, GA with PPV) using paired t tests. The
correlations between longitudinal measurements of pairs of
hemodynamic variables were assessed via bivariate linear
mixed modeling with an unstructured covariance structure.
Correlation coefficients are presented as point estimates with
95% bootstrapped confidence intervals calculated from 1000
resamples. Correlation coefficients were calculated using one
observation per minute to decrease computational burden.
Categorical variables are presented as counts and percentages.
The a priori data analysis plan dictated that the primary out-
come (occurrence of at least one CDE) would be compared
between GAwithout PPVand GAwith PPVusingMcNemar’s
test. However, with a 0% incidence of CDEs during both PPV
and spontaneous ventilation, this test could not be performed.
As an exploratory analysis, the incidence of CDEs was
assessed using a more lenient definition (i.e., any length of
time with greater than 20% reduction in SctO2 from baseline
or any SctO2 reading less than 50%) both with and without
patients excluded from the main analyses. Statistical analyses
were performed using SAS, version 9.3 (SAS Institute, Cary,
NC, USA). All statistical hypothesis tests were two-sided.

Results

Thirty-five patients were enrolled (from July 2014 to
May 2015), and 25 were included for data analysis
(Fig. 1). Two patients were withdrawn due to the need for
an endotracheal tube, which precluded spontaneous ventila-
tion. Eight patients had problems with monitors or instru-
ments, leading to their exclusion for inadequate data.
Demographic characteristics of included patients are pre-
sented in Table 2, with baseline values for vital signs in
Table 3. Most patients received vasoactive therapy with
epinephrine and/or ephedrine, but eight did not require va-
soactive therapy (Table 4). During GA without PPV, a me-
dian of 12% of the time was spent below the target MAP of
60 mmHg. During GA with PPV, a median of 11% of the
time was spent below the target MAP.

There were no CDEs under either spontaneous ventila-
tion or PPV, using study criteria for CDE (more than 20%

Table 1 Assumptions for power analysisa

No PPV: 0% CDE
PPV: 52% CDE

CDE with PPV No. (%)

Yes No

CDE with spontaneous
ventilation. No. (%)

Yes 0 (0%) 0 (%)
No 13 (52%) 12 (48%)

PPV positive-pressure ventilation, CDE cerebral desaturation event
aExplanation of power analysis
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SctO2 reduction from baseline lasting 90 s or longer)
(Table 5). The planned McNemar’s test could not be per-
formed, given the 0% incidence. To explore the effect of the
CDE definition, a post hoc sensitivity analysis was per-
formed using a relaxed definition (any occurrence of more
than 20% reduction in SctO2 from baseline or any SctO2

reading of less than 50%), analyzing all patients (whether
included or excluded). One included patient had a 6-s

desaturation during PPV. The short duration and abrupt
resolution of this event is consistent with an unstable signal
and does not seem to be an actual physiologic event. One
excluded patient had a 30-s desaturation during spontaneous
ventilation, also likely due to an unstable signal. Thus, the
absence of CDEs was due neither to the exclusion of some
patients for monitor problems nor to the use of a 90-s cut-
off. Normalized composite data failed to show an effect of

Fig. 1. Patient flowchart for prospective, cohort study. Of the 35 patients enrolled, 2 were withdrawn for placement of an endotracheal tube and 8
for monitor or instrument problems. Data were analyzed from 25 patients.
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PPV on cerebral oxygenation (Fig. 2). Under PPV, the me-
dian (interquartile range: Q1, Q3) cerebral oxygenation was
110% of baseline (104, 113), the mean arterial pressure was
62% of baseline (59, 69), and the cardiac index was 82% of
baseline (71, 104). Patient data were normalized to baseline
and grouped into GA without and with PPV. The mean
SctO2 values (with 95% confidence interval) were 0 (− 1 to
2) percentage points different during GA without PPV than
during GA with PPV (p = 0.706). The MAP values were 9
(95% confidence interval, 6 to 12) percentage points higher
during GA without PPV than during GA with PPV
(p < 0.001). The CI index values were 4 (95%, − 2 to 11)
percentage points higher during GA without PPV than dur-
ing GA with PPV (p = 0.171).

Correlation analysis using mixed effects modeling
showed that cerebral oxygen saturation was not influenced
by MAP or CI (Table 6). Comparison of hemodynamic
values (not normalized) to baseline showed that induction
of GA decreased MAP and slightly decreased CI but in-
creased SctO2. The differences in means (with 95% confi-
dence intervals) were the following: MAP: GAwithout PPV,
− 27 mmHg (− 33 to − 20), p < 0.001 vs. baseline; GA with
PPV, − 36 mmHg (− 43 to − 29), p < 0.001 vs. baseline.

CI: GAwithout PPV, − 0.3 L/min/m2 (− 0.6 to − 0.1), p =
0.008; GA with PPV – 0.5 L/min/m2 (− 0.7 to − 0.2), p =
0.003.

SctO2: GAwithout PPV, 7% (5 to 9), p < 0.001; GAwith
PPV 6% (4 to 9), p < 0.001.

Very weak correlations were noted for the following:
SctO2 vs. MAP, SctO2 vs. CI, SctO2 vs. SpO2, and MAP
vs. CI. Moderate correlation was found for SctO2 vs. end-
tidal carbon dioxide. As an exploratory post hoc analysis,
subgroup analysis was performed for MAP vs. CI. Patients
who received intra-operative epinephrine were analyzed
separately from those who did not. Weak or very weak
correlation was found in both groups.

Table 2 Patient characteristics

Characteristics Mean (SD) or number (%)

Age (years) 67 (8)
Sex
Male 14 (56%)
Female 11 (44%)

Height (cm) 172 (10)
Weight (kg) 76 (11)
BMI (kg/m2) 26 (2)
Ethnicity
Not Hispanic or Latino 25 (100%)
Hispanic or Latino 0

Race
Black 1 (4%)
White 24 (96%)

ASA physical status
I 0
II 22 (88%)
III 3 (12%)

Smoking status
Nonsmoker 10 (40%)
Former smoker 13 (52%)
Current smoker 2 (8%)

Comorbidities
CAD 2 (8%)
Atrial fibrillation 2 (8%)
Diabetes mellitus 2 (8%)
Hypertension 12 (48%)
COPD 2 (8%)

BMI body mass index, ASAAmerican Society of Anesthesiologists, CAD
coronary artery disease, COPD chronic obstructive pulmonary disease

Table 3 Baseline dataa

Characteristics Mean (SD)

SpO2 (%) 98 (2)
SctO2 (%) 71 (4)
SBP (NIBP) (mmHg) 140 (26)
MAP (NIBP) (mmHg) 102 (18)
Cardiac output (L/min) 5.6 (1.2)
Cardiac index (L/min/m2) 3.0 (0.5)
Heart rate (beats/min) 74 (11)
Stroke volume (mL) 76 (19)

SpO2 pulse oximetry, SctO2 regional cerebral tissue oxygen saturation,
SBP systolic blood pressure, NIBP non-invasive blood pressure, MAP
mean arterial pressure
aBaseline values were calculated as the average measurement between
start of sedation and insertion of LMA

Table 4 Intra-operative data

Characteristics Mean (SD) or number (%)

Anesthesia time (min) 170 (23)
LMA time (min) 134 (22)
PPV (min) 72 (24)
Duration of hypotension (min, % of intra-operative time)
GA without PPV 8 (SD 10; 12%)
GA with PPV 20 (SD 21; 25%)

ETCO2 (mmHg)
GA without PPV 44 ± 5
GA with PPV 45 ± 6

Fluids
Lactated Ringer’s (mL) 1408 ± 227
Other 0

EBL (mL) 154 ± 52
Vasoactive compounds
Not administered 8 (32%)
Administered
Epinephrine only 6 (24%)
Ephedrine only 9 (36%)
Epinephrine + ephedrine 2 (8%)

ETCO2 end-tidal carbon dioxide, LMA laryngeal mask airway, GA
general anesthesia, PPV positive-pressure ventilation, EBL estimated
blood loss

Table 5 Observed cerebral desaturation eventsa

No PPV: 0% CDE
PPV: 0% CDE

CDE with PPV No. (%)

Yes No

CDE with spontaneous
ventilation. No. (%)

Yes 0 (0%) 0 (0%)
No 0 (0%) 0 (0%)

PPV positive-pressure ventilation, CDE cerebral desaturation event
aExplanation of power analysis
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The median change in stroke scores (post–pre) was 0 (0,
0) (interquartile range: Q1, Q3), indicating absence of
stroke. No clinical indications of post-operative stroke were
reported. No serious adverse events were reported to the
IRB. All patients received a pre-operative Canadian Neuro-
logical Scale score of 7.5 or more and a post-operative score
of 10 or more. Patients were followed until hospital dis-
charge, typically 2 or 3 days after the operation.

Data from a single typical operation are portrayed in
Fig. 3, to illustrate both the clinical management and com-
posite results. In this patient (Fig. 3a), SctO2 increased after
the induction of GA, presumably due to decreased cerebral
metabolism and increased fraction of inspired oxygen. MAP
and CI fell after the induction of GA, but epinephrine in-
creased both MAP and CI. There were no cerebral oxygen
desaturations from baseline, even at MAP lower than
60 mmHg (Fig. 3b). The relationship between MAP, CI,
and the SctO2 for this patient is depicted in color. Each data
point represents 30 s, the minimum time interval for CI
measurements. Although hypotension was common,

hypotension was not apparently associated with low CI.
Pre-induction values are clustered at the top of the figure,
with high MAP but relatively low SctO2 values in the 70s.

Discussion

As predicted, CDEs did not occur with spontaneous venti-
lation, but contrary to previous publications and our study
hypothesis, no CDEs were observed during GA with PPV.
Because of concerns that hypotension may cause cerebral
desaturation, the study also explored relationships between
MAP, CI, and SctO2. GA was associated with a lower MAP
and a slightly lower CI. SctO2 was elevated over baseline.
Very weak correlations were found among MAP, CI, and
SctO2. Thus, using this anesthesia protocol, within the de-
scribed MAP ranges, changes in MAP were not associated
with cerebral oxygen desaturation. No strokes were noted.

Study limitations include the use of SctO2 as a surrogate
outcome for risk of stroke. SctO2 is frequently used in this

Fig. 2. Composite analyses of physiologic data for all 25 patients. Data grouped into time periods of general anesthesia without positive-pressure
ventilation (GA without PPV) and general anesthesia with positive-pressure ventilation (GA with PPV). All hemodynamic measurements
normalized to baseline. CI cardiac index, MAP mean arterial pressure, SctO2 regional cerebral tissue oxygen saturation, GA general anesthesia,
PPV positive-pressure ventilation.

Table 6 Correlation analysis

Mixed effects modeling Number Correlation coefficienta (95% confidence interval)

SctO2 vs. MAP 3215 0.03 (− 0.08, 0.14)
SctO2 vs. CI 1674 0.19 (− 0.12, 0.34)
SctO2 vs. SpO2 3217 0.17 (− 0.11, 0.40)
SctO2 vs. ETCO2 3087 0.48 (0.32, 0.61)
MAP vs. CI 3161 0.12 (0.03, 0.22)
MAP vs. CI (with epinephrine) 1398 0.06 (− 0.06, 0.16)
MAP vs. CI (without epinephrine) 1763 0.21 (0.04, 0.39)

SpO2 pulse oximetry, SctO2 regional cerebral tissue oxygen saturation, ETCO2 end tidal carbon dioxide, MAP mean arterial pressure
aCorrelation coefficients can range from − 1 to 1, where − 1 indicates a perfect negative correlation and 1 indicates a perfect positive correlation.
Correlation strength can be interpreted as follows:

0.00–0.19 = very weak; 0.20–0.39 = weak; 0.40–0.59 = moderate; 0.60–0.79 = strong; 0.80–1.0 = very strong
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fashion, in part because using stroke as an outcome would
require a prohibitively large sample size. By placing the
arterial line transducer at the external auditory meatus, the
study essentially assumed the Bwaterfall physiology^ of
cerebral perfusion. This is the more conservative choice. A
larger study with a broader range of patient comorbidities
would likely generate more definitive safety conclusions.
The power analysis, based on the literature, assumed 52%
of patients with PPV would experience CDEs, but in fact, no
CDEs were noted. Some patients enrolled into the study

were not included in the primary analysis, mostly due to
difficulties with monitors. However, exploratory analysis of
all patients enrolled reached very similar conclusions. To
protect patients and conform to our usual practices, the
protocol employed measures intended to promote cerebral
perfusion; different results may have been obtained with
different protocols. The study protocol did not dictate a
narrow range of acceptable blood pressures, and so it is
possible that different results would be observed had the
intra-operative blood pressures been more uniform.

Fig. 3. a Relationship between cerebral oximetry, mean arterial blood pressure, and cardiac index over time. Data are from a single typical patient
to provide an example of the clinical course. Events are indicated on the top horizontal axis: placement and removal of the airway, administration
of epinephrine, and start and stop of positive-pressure ventilation. b Relationships among mean arterial blood pressure, cardiac index, and cerebral
oximetry depicted as a heat map. Data provided are from a single, typical patient. Mean arterial blood pressure and cardiac index are plotted in
graphic coordinates. Cerebral oximetry is represented by a color gradient. Each data point represents 30 s, the minimum time interval for cardiac
index measurements. MAP mean arterial pressure, CI cardiac index, SctO2 regional cerebral tissue oxygenation, LMA laryngeal mask airway, Epi
epinephrine, PPV positive-pressure ventilation.
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That no CDEs were observed was unexpected. Reported
rates of CDEs during sitting GAvary greatly: 18, 46, 57, and
71% [1, 7, 21, 24]. Advanced age and more extensive
comorbidity burden are risk factors for CDEs in the sitting
position [26, 27]. The CDE rate during sitting-position
shoulder arthroscopy under nerve block plus sedation was
10% [27]. It was anticipated that arthroplasty patients would
have a higher CDE rate than arthroscopy patients, because
the latter tend to be younger, healthier patients, receiving
brief non-invasive procedures without GA. Recently, a CDE
rate of 56% was reported among sitting normotensive pa-
tients (MAP target, within 20% of baseline) with an end-
tidal carbon dioxide level of 30 to 32 mmHg, but a 9% rate
of CDEs occurred in the same patients with carbon dioxide
levels of 40 to 42 mmHg [13]. During PPV in the current
study, the CDE rate was 0 with relative hypercapnia (mean
carbon dioxide levels, 46 mmHg) but also relative hypoten-
sion (mean MAP, 62% of baseline).

Moderate hypotension was allowed in this study. MAP
values of over 60 and SBP levels of over 100 mmHg were
allowed, using therapy with ephedrine or low-dose epineph-
rine. It has been suggested that hypotension in the sitting
position could reduce cerebral perfusion, increase CDE
rates, and increase cerebrovascular accident risk [13, 19].
Surgery in the beach-chair position is associated with dimin-
ished cerebral autoregulation [8]. In one study, the majority
of CDEs occurred during MAPs more than 20% below
baseline [13], but another study failed to find an association
between blood pressure and cerebral desaturation [24].
Phenylephrine can be used to increase MAP [7, 13, 21,
24], but phenylephrine also decreases cardiac output and
cerebral oxygenation [12]. Administration of phenylephrine
in the sitting position increased MAP, decreased CI, and did
not benefit SctO2, compared to control [23].

In conclusion, we found no evidence that PPV caused
cerebral oxygen desaturation. No CDEs were observed un-
der GA in the sitting position using the described protocol,
contrary to many previous publications. Cerebral oxygena-
tion did not correlate with MAP or CI. The results indicate
that cerebral perfusion is adequate under GA (with or with-
out PPV) during the use of moderate hypotension and mod-
erate hypercapnia, with support of cardiac output using
ephedrine or epinephrine.
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