CLINICAL REPORT

The Use of Cerebral Oximetry as
a Monitor of the Adequacy of
Cerebral Perfusion in a Patient

Undergoing Shoulder Surgery in

the Beach Chair Position

Gregory W. Fischer, MD*; Toni M. Torrillo, MD'; Menachem M. Weiner, MDT;

Meg A. Rosenblatt, MD?*

* Anesthesiology and Cardiothoracic Surgery, Mount Sinai School of Medicine, New York,
New York; TAnesthesiology, Mount Sinai School of Medicine, New York, New York;
tAnesthesiology and Orthopedics, Mount Sinai School of Medicine, New York, New York,
U.S.A.

B Abstract: Four cases of ischemic injury have been
reported in patients undergoing orthopedic surgery in the
upright position. We describe the use of cerebral oximetry as
a monitor of the adequacy of cerebral perfusion in a 63-year-
old woman who underwent arthroscopic rotator cuff surgery
in a beach chair under general anesthesia. During position-
ing, a decrease in blood pressure was accompanied by a
decrease in cerebral oxygen saturation (S:0,;) and was
treated with phenylephrine. When spontaneous ventilation
resumed, an increase in end-tidal carbon dioxide was accom-
panied by an increase in S;O,. Cerebral oximetry may prove
useful as a guide monitor and manage nonsupine
patients. B
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INTRODUCTION

Four cases of ischemic brain injury were reported to
have occurred in patients undergoing orthopedic
surgery in the upright position.! When two of them were
recently highlighted,” multiple responses regarding the
ideal way to ensure adequate cerebral perfusion, espe-
cially in the setting when blood pressures are not mea-
sured at the level of the external auditory meatus, were
generated.” We report the novel use of cerebral oxim-
etry to both monitor cerebral oxygen saturation (S5..0>)
and to guide interventions.

CASE REPORT

A 63-year-old woman (154 cm, 51 kg) was scheduled
to undergo recurrent arthroscopic right rotator cuff
surgery. She requested general anesthesia without a
supplementary interscalene block because of a previous
traumatic experience. Her past medical history was
significant for idiopathic thrombocytopenic purpura
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treated with steroids and splenectomy, coronary artery
disease, complicated by myocardial infarction and
chronic rheumatic arthritis. Additionally, she had
hypothyroidism, gastroesophageal reflux, and elevated
cholesterol. Her medications included levothyroxine,
prednisone, aspirin, pantoprazolee, and ezetimibe.

She was brought to the operating room where stan-
dard American Society of Anesthesiologists monitors
were applied. After preoxygenation, general anesthesia
was induced with propofol 200 mg and muscle paralysis
obtained utilizing succinylcholine 100 mg. Her airway
was secured uneventfully with a standard cuffed 7.0 mm
internal diameter endotracheal tube. The patient was
mechanically ventilated in a volume-controlled mode
with tidal volumes of 8 mL/kg and an adjustable respi-
ratory rate in order to obtain end-tidal carbon dioxide
(EtCO,) values between 30-35 mm Hg. Noninvasive
blood pressure monitoring was achieved via a left arm
cuff. In addition, bilateral cerebral oximetry probes
were placed on her forehead for continuous monitoring
of cerebral tissue oxygen saturation (S.O,) (FORE-
SIGHT®, CAS Medical Systems Inc., Branford, CT,
U.S.A.). After raising the back of the beach chair to 80°,
we measured the patient’s external auditory meatus to
be 30 cm above the level of the cuff. Thus, all mean
arterial pressures (MAPs) recorded would be approxi-
mately 20 mm Hg greater than those at the head. We
decided that all MAPs < 70 mm Hg (in the arm) would
be treated with phenylephrine boluses of 80 pg, with the
intent to maintain adequate cerebral perfusion pressure.
Additionally, any decrease in SO, < 55% would trigger
the same intervention.

Anesthesia was maintained with sevoflurane (end-
tidal: 0.8-1.2 Vol%) and intermitted boluses of fenta-
nyl. The SO, ranged from 49% to 86% (left and right
SO, values were within £8% of each other through-
out). The initial average supine SO, was 65%. Post-
intubation, the S,O; increased to an average value of
78%. After elevating the back of the beach chair, the
patient became hypotensive (MAP < 70 mm Hg), which
coincided with a rapid decline in SO, (left SctO, 49%).
This was treated with a phenylephrine bolus resulting in
a normalization of both SO, and MAP. During the
course of the procedure, 11 additional boluses of phe-
nylephrine were administered for hypotension and/or
decreased SO, values. Figure 1 reveals a direct relation-
ship between blood pressure and S.:O,. One hour after
induction, the patient was allowed to breath spon-
taneously resulting in an increase in EtCO, to
40-45 mm Hg, without a significant change in MAP,
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Figure 1. SO, and noninvasive mean arterial pressures (MAPs)
during the procedure. Multiple boluses of phenylephrine were
administered which correlated with improvements of MAPs and
increased SO, values.

which in turn led to an increase in S.O; (>80%) and
stabilization of hemodynamics for the rest of the case.
Upon completion of the procedure, sevoflurane was
discontinued and the patient awoke and her trachea was
extubated uneventfully. Although no specific psycho-
metric tests were performed, the patient reported no
neurologic deficits on the first postoperative day.

DISCUSSION

The brain consumes approximately 20% of the body’s
oxygen delivery. Catastrophic failure to provide suffi-
cient oxygen (eg, stroke, cardiac arrest) results in debili-
tating brain injury. As a result, it is of paramount
importance for the perioperative care provider to recog-
nize cerebral ischemia early, and once detected, to
immediately restore adequate perfusion. Currently,
brain oxygenation can be measured invasively by
jugular bulb oximetry (S;,0,) or brain tissue pO, sen-
sors.”® However, these modalities are invasive and dif-
ficult to use. Cerebral oximetry is a noninvasive monitor
that provides measurements of cerebral oxygenation,
and has been used extensively in cardiac anesthesia to
detect cerebral hypoxia and ischemia during cardiopul-
monary bypass.”!° Cases of cerebral ischemia in patients
undergoing surgical procedures in the sitting position
have occurred and we report the first use of cerebral
oximetry to detect, and potentially, prevent cerebral
ischemia in such clinical scenarios.

Systemic MAPs between 50-150 mm Hg are gener-
ally considered to lie within the range of cererbal auto-
regulation.!” Although it may be tempting to say that
MAP is an adequate reflection of cerebral perfusion, it is
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important to realize that these boundaries are not fixed.
Chronic hypertension shifts these limits of autoregula-
tion toward higher blood pressure levels and thus, the
lower boundary of autoregulation is unknown. Accept-
ing blood pressure values that are beneath the range of
autoregulation could potentially lead to unrecognized
cerebral ischemia. Without a history of arterial hyper-
tension, we assumed a normal range of autoregulation
for our patient, so a corrected MAP of 50 mm Hg was
chosen as a threshold for intervention. But since cur-
rently there is no available way of identifying the inflec-
tion point in the autoregulative curve, where the
cerebral perfusion goes for pressure dependant to inde-
pendent, monitoring S..O> reflects the end-effect of this
autoregulative process (tissue oxygenation) and offers
objective data upon which therapeutic interventions can
be made.

An acceptable SO, threshold under which a cor-
rective intervention should occur has yet to be defined.
We decided to use S:O, 55% as our intervention
threshold for the following reasons. First, the utiliza-
tion of S0, measurements as a marker for global
cerebral ischemia/metabolism is recognized and has
been shown to correlate with impaired postoperative
neurocognitive dysfunction once a value of 45% had
been breached for prolonged periods of time.'? The
larger the difference between S,0, and S;,0,, the more
oxygen is extracted from the cerebral tissue, in other
words the higher the metabolic demand. Second, it is
estimated that cerebral oximeter interrogated brain
tissue microvasculature is about 70%
30% arterial during most physiological conditions in
humans based on positron emission tomography stud-
ies.’> As a consequence of this distribution, the abso-
lute measured SctO, is about 10% higher than S§;,0,
consistently over a wide range of oxygen saturation
values. In other words, SO, can be used as a marker
of cerebral metabolism at the microvasculature level.
The lower the number, the higher the metabolic rate.
The FORE-SIGHT measured S.O, is about 10%
higher than S;;O,, consistently, over a wide range of
oxygen saturation values.'*!> Therefore, we chose the
S«O, threshold for cerebral ischemia, which in turn
would mandate the same intervention as for arterial
hypotension, to be 55%. We know that the content of
oxygen in blood is primarily determined by hemoglo-
bin concentration and oxygen saturation, but once a
.0, value of 100 mm Hg is exceeded, increasing the
FIO, plays only a minor role in improving the degree
of oxygenation.

venous and
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Figure 2. S4O,, end-tidal sevoflurane (eSevoflurane) and end-
tidal carbon dioxide (EtCO,) during the procedure. There is a
direct correlation between EtCO; and S.O,. Improvement in SO,
and hemodynamic stability occur with the resumption of spon-
taneous ventilation and accompanying elevated CO, values.

Interestingly, we observed causality between EtCO,
and SO, (Figure 2). After allowing the patient to
breathe spontaneously, we observed a much more stable
course in regards to SO, and arterial blood pressure.
Arterial p,CO; has a near linear relationship with cere-
bral blood flow (for every 1 mm Hg increase in p,CO,,
an increase of 2% to 4% in cerebral blood flow is seen),
making it one of the most important regulators of cere-
bral blood flow.'®* The FORE-SIGHT cerebral oximetry
monitor calculates total hemoglobin concentration in
tissue by the following equation:

TotalHb = HbO, + Hb

TotalHb is, therefore, proportional to hemoglobin or
blood hematocrit and decreases during hemodilution. A
rise in TotalHb can be expected if red blood cells are
transfused resulting in an increase of blood hematocrit.
Additionally, TotalHb is also sensitive to autoregulatory
mechanisms within the vasculature. Increased blood
vessel diameter in response to acidosis, potassium con-
centration or CO, partial pressure will result in an
increased hemoglobin concentration in tissue, which
will result in an increase in TotalHb. Usually an increase
in cerebral blood flow from hemodynamic changes such
as increased cardiac output will increase TotalHb as
well. A decrease in cerebral perfusion because of low
cardiac output, circulatory arrest, clamping of major
cerebral blood vessels, or low perfusion pressure can all
result in a decrease in TotalHb. This is of clinical inter-
est, because it suggests that spontaneous respiration
could potentially be protective, making regional anes-
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thesia with mild sedation the anesthetic technique of
choice for surgeries performed in the sitting position, or
if using general anesthesia is chosen, the clinician should
allow normal to slightly elevated EtCO,.

In summary, sporadic reports of unanticipated cere-
bral ischemic events have shown that arterial blood
pressure monitoring alone cannot guarantee adequate
cerebral perfusion. Additional monitoring may poten-
tially prevent devastating outcomes. Cerebral oximetry
may prove useful as a monitor for cerebral ischemia and
to guide clinical interventions in nonsupine patients, and
we described its first use in such a clinical scenario.
Further studies are indicated to confirm the usefulness of
cerebral oximetry in nonsupine patients.
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