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La position assise en 
ORTHOPÉDIE

Abandonnée par plusieurs neurochirurgiens à 
cause des complications associées

Correspondance avec l’expérience en 
neurochirurgie?

Chirurgies de l’épaule
‣ Moins complexes
‣ Moins longues?



objectifs

Décrire la physiologie de la position assise

Énumérer les complications potentielles et les 
considérations anesthésiques

Établir une conduite anesthésique en fonction des 
recommandations



Diminution du retour veineux, du débit cardiaque 
et de la pression de perfusion cérébrale

Réflexe de Bezold-Jarish

Effet de la gravité
Effets des anesthésiques
Effets de la ventilation mécanique

Changements 
hemodynamiques



La position assise en 
orthopédie

Chaise de plage modifiée 
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Shoulder Arthroscopy with the Patient in the 
Beach-Chair Position 

M i c h a e l  J. S k y h a r ,  M . D . ,  D a v i d  W.  A l t c h e k ,  M . D . ,  R u s s e l l  F .  W a r r e n ,  M . D . ,  
T h o m a s  L .  W i c k i e w i c z ,  M . D . ,  and  S t e p h e n  J. O ' B r i e n ,  M . D .  

Summary: We evaluated the use of the beach-chair, or sitting, position for 
arthroscopic shoulder surgery in 50 consecutive patients. Routine arthroscopy, 
arthroscopic subacromial decompression, and arthroscopic shoulder stabiliza- 
tions were performed, with no complications. The advantages of this position 
include ease of setup, lack of brachial plexus strain because no traction is used, 
excellent intraarticular visualization for all types of arthroscopic shoulder pro- 
cedures, and ease of conversion to the open approach if needed. The position- 
ing technique is described. Key Words: Shoulder--Beach-chair position. 

Shoulder arthroscopy is most commonly per- 
formed with the patient in some variation of the 
lateral decubitus position (1,2)'. Since certain prob- 
lems are associated with using this position (mainly 
brachial plexus strain) (3), we have investigated the 
use of the beach-chair sitting position for shoulder 
arthroscopy. This is a report of our experience 
with, and evaluation of, this positioning method. 

The surgical procedures for which we have used 
the beach-chair position have included diagnostic 
arthroscopy, arthroscopic subacromial decompres- 
sion, and arthroscopic anterior shoulder stabiliza- 
tion. 

DESCRIPTION OF THE POSITION 

The patient is placed on a standard operating- 
room.table.  General anesthesia or interscalene 
block is then administered. The table is adjusted so 
that the patient is sitting up at a minimum of 60 °. 
When the surgeon is performing subacromial de- 
compression and routine shoulder arthroscopy, the 
patient's shoulder is brought off the side of the table 
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and a folded sheet placed between the scapulae 
(Fig. 1). For arthroscopic shoulder stabilization, the 
patient's affected side is moved off the edge of the 
table to the medial border of the scapula. A 10-1b 
(4.5-kg) sandbag is placed under the ipsilateral hip 
to facilitate rotation of the patient's upper torso at 
least 30 ° away from the edge of the table. This al- 
lows better access to the posterior aspect of the 
shoulder, which is important when performing ar- 
throscopic stabilization procedures in which su- 
tures are passed across the glenoid cavity (Fig. 2). 
As the sutures will exit posteromedially the patient 
must be positioned correctly to accommodate this, 
and may be taped in this position for extra support. 
If a beanbag is available, it alone may be used to 
attain the above positions correctly and easily. The 
arm is not placed in traction and is allowed to hang 
free. An arm board is used on the side of the table 
at the level of the elbow. The patient is draped for 
routine shoulder surgery. Standard arthroscopy is 
performed using a posterior portal for routine diag- 
nostic evaluation. The arm can be manipulated eas- 
ily into any position by an assistant, as needed, to 
visualize the entire joint. The alternate arthroscopic 
portals, including anterior, midlateral, and superior 
(Neviaser), can be used easily without awkward 
hand positioning on the part of the surgeon or the 
need for an "anterior assistant" as in the lateral 
position. 



La position assise en 
orthopédie

Chaise de plage modifiée 

Est préférée de plusieurs orthopédistes 

Facilite l’approche chirurgicale

Facilite l’orientation anatomique 

Facilite la conversion en approche ouverte

Diminue le risque de trauma neurovasculaire
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La catastrophe 1

PATIENT ATCD
TENSION 

ARTÉRIELLE
DIAGNOSTIC POST-OP

♀47 ∅ TAS 80-90 Infarctus cérébral
État végétatif permanent

♂57 DTEI
DLP TAS 95-100 Infarctus cérébral

Réaction à la douleur

♂53 ∅ TAS 80-90 Infarctus cérébral
Dysfonctions permanentes

♀54 ∅ TAS 70-100
(NIBP au MI)

Infarctus médullaire
Décès

Case report

Cerebral ischemia during shoulder surgery in the
upright position: a case series
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Abstract We report 4 cases of ischemic brain and spinal cord injury after shoulder surgery in the
beach chair position, using data from medical legal case reviews. We argue that the correlation between

cardiovascular risk factors and cerebral ischemic complications for this type of surgery is poor in these
middle-aged patients. Rather, our analysis suggests that the sitting position and the head position create
specific physiological conditions that may be conducive to cerebral and spinal cord ischemia during this
type of surgery. Thromboembolic events may be an additional cause of adverse neurologic outcomes.

D 2005 Elsevier Inc. All rights reserved.

1. Introduction

Perioperative stroke is an uncommon complication [1].
Knapp et al [2] reported the incidence of stroke related to
anesthesia in the male general surgical population older than
50 years to be 0.38%, whereas the frequency of new stroke
occurring in the postoperative period in patients with a prior
history of stroke was reported by Landercasper et al [3] to
be 0.01% to 0.5%. Other authors report incidences of
perioperative stroke ranging from less than 1% to 6% [3,4].
The incidence of perioperative stroke in major general
surgery is higher in elderly people (1%-2.5%) [1] but still
remains relatively low compared with other perioperative
complications. The higher incidence of cerebrovascular risk
factors and actual cerebrovascular disease in this population
most likely accounts for the difference.

Serious anesthesia-related injuries such as permanent
brain damage are becoming less frequent among claims
reported to insurance carriers, declining by about 10%
between the 1980s and 1990s [5]. The introduction and
routine use of pulse oximetry and capnometry in the mid-
late 1980s became standard to detect inadequate ventilation
and esophageal intubation, and are considered the most
important factors involved in the reduced incidence of brain
damage in the 1990s [5]. Surgeries associated with
cerebrovascular accidents in the perioperative period are
aortoiliac surgery and coronary artery bypass surgery
because of the relatively high prevalence of coexisting
carotid atherosclerosis and intraoperative hypotension [1].
Despite its low incidence, perioperative stroke is a
devastating complication for patients and their families, as
well as for the health-care professionals involved, with
tremendous social, professional, and medicolegal implica-
tions. Perioperative stroke is particularly morbid, with a
mortality of 60% [3] compared with 15% to 46% for stroke
in general.

0952-8180/$ – see front matter D 2005 Elsevier Inc. All rights reserved.
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La discussion 2

1. Quelle est la physiologie de la circulation cérébrale?

2. Comment prendre en charge ces patients?
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To the Editor:
In the Summer 2007 APSF Newsletter, Cullen and

Kirby cite a dramatic case of cerebral infarction during
shoulder surgery in the beachchair position.1 This case
was 1 of 4 apparent cerebral and/or spinal cord
infarctions presented as a series by Pohl and Cullen in
2005,2 as gleaned from medico-legal reviews by one of
the 2 authors (DJC).

Most anesthesia professionals would not argue
against maintaining blood pressure (BP) within a rea-
sonably close range of preoperative values during any
anesthetic, in the sitting position or otherwise; nor
would I. But prescriptions for acceptable BP manage-
ment should acknowledge the lack of relevant human
data, and should also make reference to methodologic
issues in assessing cerebral perfusion pressure (CPP).
As such, I would like to point out several potential
areas of controversy or ambiguity that may arise from
a reading of Cullen and Kirby’s article:

Of relevance to the author’s, and others’, concern
for BP management in the context of baseline values,
the other 3 cases presented in the original series had
no preoperative BPs reported, and one case used a BP
cuff positioned on the calf while in the seated posi-
tion.  By “preoperative values,” I mean measurements
obtained outside of the stress of the operating room
and in an upright position, as per usual in a preopera-
tive clinic, holding area, or exam room setting. It is
therefore impossible to know by what percentage the
patients’ normal baseline BP was allowed to change
during the anesthetics. Consequently, that series can
offer us little or no quantitative guidance, absent the
extremes beyond common sense and common prac-
tice.

Discussions, including Cullen and Kirby’s, of BP
management in the sitting position seldom take into
account that the upright position is the normal posi-
tion occupied by most human beings during most
waking hours, and that no numerical “compensation”
is made for the upright position when measuring BP
in sitting, awake outpatients. That general anesthesia
decreases BP in the sitting position is irrelevant to this
point. The issue here is not whether interventions
should be made to restore BP to approximately
normal levels (as appropriately suggested by Drum-
mond);3 but rather, the more fundamental question of
how BP should be measured in the first place—either
before or after an intervention is made. If one argues
that when the head is elevated above the heart, an
“adjustment” should be made for a decreased CPP,
then perhaps one should also explain why the same
adjustment is not made for all ambulatory, upright,
measurements. For example, why should we assume
that a BP in the sitting position under anesthesia is
any different with regard to CPP than the same BP

measured in the same way in an awake patient sitting
in a preoperative clinic?

Regarding the methodology of BP measurement,
the practice of “compensating” for arm BP cuff read-
ings in the sitting position extends back to 1954 when
that advice was first published by Enderby,4 and it has
been followed uncritically ever since. The refinement
of Enderby’s advice in neurosurgical cases, where the
arterial line has largely supplanted the BP cuff,
applies the same assumption but by a different
method.  Raising an arterial line transducer to head
level accomplishes by physical means the same thing
as making a numerical “correction” to a BP cuff read-
ing. Both adjustments make an intuitive assumption
that the head is in a compromised position for perfu-
sion when it is in its (normal) upright position relative
to the heart.  Implicit in that assumption, but rarely
stated explicitly, is a correlative assumption: that the
cerebral circulation is an “open” fluid path where a
pump forces blood up to a higher elevation, and that
it flows passively downward (like a waterfall in open
air) back to the heart.  

This conceptual model of the cerebral circulation
is wanting for at least 5 reasons: 

1) it does not match the anatomy of what we know is
a closed, continuous fluid path that does not con-
tain anywhere within it an open-air waterfall
component; 

2) it does not work when upside down or in weight-
lessness (but the actual cerebral circulation does); 

3) it cannot explain the well-described phenomenon
of venous air embolism (VAE) in mechanically
ventilated patients; 

4) it cannot explain the common observation, in sit-
ting neurosurgical cases, of right atrial pressure
(measured at heart level) being far below the
expected value of the hydrostatic pressure of a 25-
30 cm column of blood extending from the supe-
rior sagittal sinus down to the right atrium; and 

5) it does not explain why the risk of VAE is in pro-
portion to the degree of elevation of the perfora-
tion above the heart. 

On the other hand, the conceptual model of the
cerebral circulation as a “closed” circulation easily sat-
isfies the 5 observations above. And inherent to a
closed model is a very strong argument against
making “compensations” for “perfusion pressure” by
raising transducers or subtracting numerical adjust-
ments from BP cuff measurements.

We don’t, of course, monitor hemodynamics in a
conceptual vacuum. Instead, we interpret the num-
bers we measure in the context of our best mental
model of the circulation. One consequence of rejecting

the “open” model is that we now have to distinguish
carefully, when we talk about “pressure,” between
true perfusion pressure and transmural pressure. The
practice of raising transducers to head level or making
numerical adjustments to BP cuff readings in a closed
circulation model actually “adjusts” for something
very different from perfusion pressure—it adjusts for
transmural pressure.

Why does this matter? Because only perfusion
pressure, not transmural pressure, is associated with
flow. And flow is what we are interested in. An arter-
ial line measurement can be used to estimate perfu-
sion pressure only if both inlet and outlet pressures on
either side of the organ of interest are measured, and
only if both pressures are referenced to the same level. By
conventional definition, “perfusion pressure” is a
pressure gradient, not a single point measurement at
only one place in a circuit. Making inferences about
perfusion based on a transmural pressure reading at
only one point in the circuit can be misleading in cer-
tain circumstances. The sitting position is one of them.
While it may seem intuitive that the “real” perfusion
pressure to the brain is a single-point transmural pres-
sure reading referenced to brain level (i.e., the trans-
ducer is elevated to the level of the head), this fails to
take into account that the outlet (venous) pressure of
the brain should also be considered in similar fashion.

Not only does elevating the head (to its normal
day-to-day position) reduce cerebral arterial trans-
mural pressure relative to the heart; so too, does ele-
vating the head reduce the sinus and venous outlet
transmural pressures relative to the heart, and by the
same amount. For that reason, elevating the head does
not, by itself, decrease cerebral blood flow so long as
mean arterial pressure (MAP) at the level of the heart
is not allowed to change. A change in transmural
pressure at one point in the circuit—which is what a
numerical “adjustment” of a BP cuff reading, or rais-
ing an arterial line transducer to head level tells us—
does not imply a change in flow.5,6

A simple illustration may help to clarify this point:
the flow rate of fluid through IV tubing is propor-
tional to the relative height of the IV bag and the
patient. The path that the IV tubing takes between the
IV bag and the patient does not affect flow rate. The
tubing can be looped down to the floor and then back
up to the patient, or even looped up over the top of
the IV pole and back down to the patient, and the flow
will be the same in either case. If you make a mark at
one point on the tubing and measure the transmural
pressure (again, inside minus outside pressure) at that
one point, it will be dramatically different depending
on its position relative to the patient. The transmural

Letter to the Editor:

The Problems of Posture, Pressure, and Perfusion

See “Pressure,” Next Page
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pressure at your mark in the tubing may be negative
(subatmospheric) if it is elevated above the IV pole;
or it may be markedly positive if that point is
dropped down to the floor below the patient. But in
either case, flow through the tubing remains
unchanged because perfusion pressure (inlet minus
outlet pressure) is unchanged. Local transmural
pressure at just one point cannot be substituted for
perfusion pressure. They are completely different
concepts, and should not be used interchangeably.

Returning to the cerebral circulation, if we say
that “perfusion pressure” at the elevated level of the
upright brain is lower, we are in fact referring not to
perfusion pressure, but to a local transmural pressure.
Perfusion pressure remains inlet (aorta) minus outlet
(right atrium) pressure. If we insist on “compensat-
ing” for a fall in local (transmural) arterial pressure at
the inlet of the brain (either by moving the transducer
above the heart to head level; or by a numerical
adjustment to a BP cuff reading), then to be consis-
tent, we should also “compensate” for the corre-
sponding fall in the transmural pressure of the brain’s
sinuses and veins when measured at the same level in
the sitting position. That could be accomplished by
also raising the CVP transducer to head level. If we do
so, we will see that both inlet and outlet pressures
have fallen, and by the same amount. Cerebral perfu-
sion pressure remains unchanged and there is, in fact,
no point in making the 2 self-cancelling “compensa-
tions.” The standard definitions of CPP (CPP = MAP
– CVP when CVP > ICP; CPP = MAP – ICP when ICP
> CVP) remain unchanged, and there is no rationale
for leveling MAP and CVP transducers at different
heights when measuring CPP.

If one doubts that cerebral veins and sinuses
have lower, even negative, transmural pressures in
the upright position, then consider the well-
described phenomenon of venous air embolism
(VAE). In a mechanically ventilated patient who is
making no inspiratory efforts, the same “siphon”
effect that is inherent to a closed model of the circu-
lation causes subatmospheric pressure in the IV
tubing example also causes subatmospheric pres-
sure in the elevated sinuses and veins of the head.
This is how VAE occurs even in mechanically venti-
lated patients when the operative site is elevated
above the heart, and it is also why the tendency for
VAE is proportional to the degree of elevation of the
operative site above the heart.

An open model of the circulation provides no
explanatory power in this domain, and this limitation
of the open model should be addressed in any dis-
cussion of the mechanism of VAE specifically; and in
any discussion of hemodynamic monitoring in the sit-

ting position generally.  Among circulatory physiolo-
gists, the controversy between adopting an open
versus a closed model of the cerebral circulation is just
that: a controversy.6 I am not advocating an uncritical
acceptance of the closed model, along with its impli-
cations for hemodynamic monitoring. But I am advo-
cating that the anesthesia and monitoring
communities acknowledge and address, on its merits,
arguments for and against both models. In this
domain, where the “right” answer may very well be
counterintuitive, it is especially important to allow
physiology to lead the discussion.

Every day in almost every anesthetic, we make BP
cuff measurements and infer something about whole
body perfusion. That is a time-tested empiric rela-
tionship for which we have much experience and
much data. I am not, of course, suggesting that we
discount BP cuff readings in general just because they
measure a local transmural pressure in the arm
beneath the cuff.  Nor am I suggesting that we allow
blood pressure, properly measured and interpreted,
to fall significantly below the patient’s preoperative
baseline. Instead, I am suggesting that we not make
an unnecessary numerical adjustment for the use of
BP cuffs in the sitting position. Such an adjustment is
predicated on a false assumption made a half century
ago about the physics and the physiology of CPP; and
a confusion of transmural for perfusion pressure. 

There is a great need to revisit the important ques-
tion of “what is a safe blood pressure?” The cases
referred to by Cullen and Kirby can offer a general
wake-up call that even modest hypotension may be
dangerous; and that we should be circumspect in
agreeing to a surgeon’s request for deliberate hypoten-
sion. But absent a case population denominator, or
even sufficient documentation of baseline and equally-
measured intraoperative BPs in the 4 cases presented,
they can offer very little quantitative guidance to help
explore the question. Most practitioners would not run
their patients’ BPs as low as those presented; regard-
less of where or how they were measured.

As a specialty, we may very well reexamine what
we accept as best practice for BP management so that
we are not losing patients on one tail of the suscepti-
bility curve to bad outcomes. By all means, we
should run the BP, measured normally in what is a
normal human upright position, higher than in the
cases presented until we know the answers. Most of
us would anyway. But let’s not add to our current
ignorance of what a safe BP is, in general, by making
an adjustment that may not make physiological
sense, however timeworn it is. That is simply using a
physiologically suspect means to achieve a laudable
end. We don’t need to do that. We can have our laud-
able end while still respecting, or at least acknowl-

edging, that the underlying physiology is not as
straightforward or as intuitive as many of us were
taught. Adding an extra level of complexity through
BP “adjustments” that fail to acknowledge or even
take into account the basic physiological principles
above will only obscure, not clarify, the eventual
answer.

James Munis, MD, PhD
Chair, Division of Neuroanesthesia
Assistant Professor of Anesthesiology, Physiology, and
Biomedical Engineering
Mayo Clinic College of Medicine
Rochester, MN
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La théorie de la CHUTE D’EAU

La circulation est en circuit ouvert

Le sang «chute» du côté veineux et n’aide pas 
la circulation artérielle

Le sang artériel doit vaincre la gravité
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1. Quelle est la physiologie de la circulation cérébrale?

2. Comment évaluer la pression de perfusion cérébrale 
en fonction de la mesure de tension artérielle?

APSF NEWSLETTER   Winter 2007-2008 PAGE 82

To the Editor:
In the Summer 2007 APSF Newsletter, Cullen and

Kirby cite a dramatic case of cerebral infarction during
shoulder surgery in the beachchair position.1 This case
was 1 of 4 apparent cerebral and/or spinal cord
infarctions presented as a series by Pohl and Cullen in
2005,2 as gleaned from medico-legal reviews by one of
the 2 authors (DJC).

Most anesthesia professionals would not argue
against maintaining blood pressure (BP) within a rea-
sonably close range of preoperative values during any
anesthetic, in the sitting position or otherwise; nor
would I. But prescriptions for acceptable BP manage-
ment should acknowledge the lack of relevant human
data, and should also make reference to methodologic
issues in assessing cerebral perfusion pressure (CPP).
As such, I would like to point out several potential
areas of controversy or ambiguity that may arise from
a reading of Cullen and Kirby’s article:

Of relevance to the author’s, and others’, concern
for BP management in the context of baseline values,
the other 3 cases presented in the original series had
no preoperative BPs reported, and one case used a BP
cuff positioned on the calf while in the seated posi-
tion.  By “preoperative values,” I mean measurements
obtained outside of the stress of the operating room
and in an upright position, as per usual in a preopera-
tive clinic, holding area, or exam room setting. It is
therefore impossible to know by what percentage the
patients’ normal baseline BP was allowed to change
during the anesthetics. Consequently, that series can
offer us little or no quantitative guidance, absent the
extremes beyond common sense and common prac-
tice.

Discussions, including Cullen and Kirby’s, of BP
management in the sitting position seldom take into
account that the upright position is the normal posi-
tion occupied by most human beings during most
waking hours, and that no numerical “compensation”
is made for the upright position when measuring BP
in sitting, awake outpatients. That general anesthesia
decreases BP in the sitting position is irrelevant to this
point. The issue here is not whether interventions
should be made to restore BP to approximately
normal levels (as appropriately suggested by Drum-
mond);3 but rather, the more fundamental question of
how BP should be measured in the first place—either
before or after an intervention is made. If one argues
that when the head is elevated above the heart, an
“adjustment” should be made for a decreased CPP,
then perhaps one should also explain why the same
adjustment is not made for all ambulatory, upright,
measurements. For example, why should we assume
that a BP in the sitting position under anesthesia is
any different with regard to CPP than the same BP

measured in the same way in an awake patient sitting
in a preoperative clinic?

Regarding the methodology of BP measurement,
the practice of “compensating” for arm BP cuff read-
ings in the sitting position extends back to 1954 when
that advice was first published by Enderby,4 and it has
been followed uncritically ever since. The refinement
of Enderby’s advice in neurosurgical cases, where the
arterial line has largely supplanted the BP cuff,
applies the same assumption but by a different
method.  Raising an arterial line transducer to head
level accomplishes by physical means the same thing
as making a numerical “correction” to a BP cuff read-
ing. Both adjustments make an intuitive assumption
that the head is in a compromised position for perfu-
sion when it is in its (normal) upright position relative
to the heart.  Implicit in that assumption, but rarely
stated explicitly, is a correlative assumption: that the
cerebral circulation is an “open” fluid path where a
pump forces blood up to a higher elevation, and that
it flows passively downward (like a waterfall in open
air) back to the heart.  

This conceptual model of the cerebral circulation
is wanting for at least 5 reasons: 

1) it does not match the anatomy of what we know is
a closed, continuous fluid path that does not con-
tain anywhere within it an open-air waterfall
component; 

2) it does not work when upside down or in weight-
lessness (but the actual cerebral circulation does); 

3) it cannot explain the well-described phenomenon
of venous air embolism (VAE) in mechanically
ventilated patients; 

4) it cannot explain the common observation, in sit-
ting neurosurgical cases, of right atrial pressure
(measured at heart level) being far below the
expected value of the hydrostatic pressure of a 25-
30 cm column of blood extending from the supe-
rior sagittal sinus down to the right atrium; and 

5) it does not explain why the risk of VAE is in pro-
portion to the degree of elevation of the perfora-
tion above the heart. 

On the other hand, the conceptual model of the
cerebral circulation as a “closed” circulation easily sat-
isfies the 5 observations above. And inherent to a
closed model is a very strong argument against
making “compensations” for “perfusion pressure” by
raising transducers or subtracting numerical adjust-
ments from BP cuff measurements.

We don’t, of course, monitor hemodynamics in a
conceptual vacuum. Instead, we interpret the num-
bers we measure in the context of our best mental
model of the circulation. One consequence of rejecting

the “open” model is that we now have to distinguish
carefully, when we talk about “pressure,” between
true perfusion pressure and transmural pressure. The
practice of raising transducers to head level or making
numerical adjustments to BP cuff readings in a closed
circulation model actually “adjusts” for something
very different from perfusion pressure—it adjusts for
transmural pressure.

Why does this matter? Because only perfusion
pressure, not transmural pressure, is associated with
flow. And flow is what we are interested in. An arter-
ial line measurement can be used to estimate perfu-
sion pressure only if both inlet and outlet pressures on
either side of the organ of interest are measured, and
only if both pressures are referenced to the same level. By
conventional definition, “perfusion pressure” is a
pressure gradient, not a single point measurement at
only one place in a circuit. Making inferences about
perfusion based on a transmural pressure reading at
only one point in the circuit can be misleading in cer-
tain circumstances. The sitting position is one of them.
While it may seem intuitive that the “real” perfusion
pressure to the brain is a single-point transmural pres-
sure reading referenced to brain level (i.e., the trans-
ducer is elevated to the level of the head), this fails to
take into account that the outlet (venous) pressure of
the brain should also be considered in similar fashion.

Not only does elevating the head (to its normal
day-to-day position) reduce cerebral arterial trans-
mural pressure relative to the heart; so too, does ele-
vating the head reduce the sinus and venous outlet
transmural pressures relative to the heart, and by the
same amount. For that reason, elevating the head does
not, by itself, decrease cerebral blood flow so long as
mean arterial pressure (MAP) at the level of the heart
is not allowed to change. A change in transmural
pressure at one point in the circuit—which is what a
numerical “adjustment” of a BP cuff reading, or rais-
ing an arterial line transducer to head level tells us—
does not imply a change in flow.5,6

A simple illustration may help to clarify this point:
the flow rate of fluid through IV tubing is propor-
tional to the relative height of the IV bag and the
patient. The path that the IV tubing takes between the
IV bag and the patient does not affect flow rate. The
tubing can be looped down to the floor and then back
up to the patient, or even looped up over the top of
the IV pole and back down to the patient, and the flow
will be the same in either case. If you make a mark at
one point on the tubing and measure the transmural
pressure (again, inside minus outside pressure) at that
one point, it will be dramatically different depending
on its position relative to the patient. The transmural
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pressure at your mark in the tubing may be negative
(subatmospheric) if it is elevated above the IV pole;
or it may be markedly positive if that point is
dropped down to the floor below the patient. But in
either case, flow through the tubing remains
unchanged because perfusion pressure (inlet minus
outlet pressure) is unchanged. Local transmural
pressure at just one point cannot be substituted for
perfusion pressure. They are completely different
concepts, and should not be used interchangeably.

Returning to the cerebral circulation, if we say
that “perfusion pressure” at the elevated level of the
upright brain is lower, we are in fact referring not to
perfusion pressure, but to a local transmural pressure.
Perfusion pressure remains inlet (aorta) minus outlet
(right atrium) pressure. If we insist on “compensat-
ing” for a fall in local (transmural) arterial pressure at
the inlet of the brain (either by moving the transducer
above the heart to head level; or by a numerical
adjustment to a BP cuff reading), then to be consis-
tent, we should also “compensate” for the corre-
sponding fall in the transmural pressure of the brain’s
sinuses and veins when measured at the same level in
the sitting position. That could be accomplished by
also raising the CVP transducer to head level. If we do
so, we will see that both inlet and outlet pressures
have fallen, and by the same amount. Cerebral perfu-
sion pressure remains unchanged and there is, in fact,
no point in making the 2 self-cancelling “compensa-
tions.” The standard definitions of CPP (CPP = MAP
– CVP when CVP > ICP; CPP = MAP – ICP when ICP
> CVP) remain unchanged, and there is no rationale
for leveling MAP and CVP transducers at different
heights when measuring CPP.

If one doubts that cerebral veins and sinuses
have lower, even negative, transmural pressures in
the upright position, then consider the well-
described phenomenon of venous air embolism
(VAE). In a mechanically ventilated patient who is
making no inspiratory efforts, the same “siphon”
effect that is inherent to a closed model of the circu-
lation causes subatmospheric pressure in the IV
tubing example also causes subatmospheric pres-
sure in the elevated sinuses and veins of the head.
This is how VAE occurs even in mechanically venti-
lated patients when the operative site is elevated
above the heart, and it is also why the tendency for
VAE is proportional to the degree of elevation of the
operative site above the heart.

An open model of the circulation provides no
explanatory power in this domain, and this limitation
of the open model should be addressed in any dis-
cussion of the mechanism of VAE specifically; and in
any discussion of hemodynamic monitoring in the sit-

ting position generally.  Among circulatory physiolo-
gists, the controversy between adopting an open
versus a closed model of the cerebral circulation is just
that: a controversy.6 I am not advocating an uncritical
acceptance of the closed model, along with its impli-
cations for hemodynamic monitoring. But I am advo-
cating that the anesthesia and monitoring
communities acknowledge and address, on its merits,
arguments for and against both models. In this
domain, where the “right” answer may very well be
counterintuitive, it is especially important to allow
physiology to lead the discussion.

Every day in almost every anesthetic, we make BP
cuff measurements and infer something about whole
body perfusion. That is a time-tested empiric rela-
tionship for which we have much experience and
much data. I am not, of course, suggesting that we
discount BP cuff readings in general just because they
measure a local transmural pressure in the arm
beneath the cuff.  Nor am I suggesting that we allow
blood pressure, properly measured and interpreted,
to fall significantly below the patient’s preoperative
baseline. Instead, I am suggesting that we not make
an unnecessary numerical adjustment for the use of
BP cuffs in the sitting position. Such an adjustment is
predicated on a false assumption made a half century
ago about the physics and the physiology of CPP; and
a confusion of transmural for perfusion pressure. 

There is a great need to revisit the important ques-
tion of “what is a safe blood pressure?” The cases
referred to by Cullen and Kirby can offer a general
wake-up call that even modest hypotension may be
dangerous; and that we should be circumspect in
agreeing to a surgeon’s request for deliberate hypoten-
sion. But absent a case population denominator, or
even sufficient documentation of baseline and equally-
measured intraoperative BPs in the 4 cases presented,
they can offer very little quantitative guidance to help
explore the question. Most practitioners would not run
their patients’ BPs as low as those presented; regard-
less of where or how they were measured.

As a specialty, we may very well reexamine what
we accept as best practice for BP management so that
we are not losing patients on one tail of the suscepti-
bility curve to bad outcomes. By all means, we
should run the BP, measured normally in what is a
normal human upright position, higher than in the
cases presented until we know the answers. Most of
us would anyway. But let’s not add to our current
ignorance of what a safe BP is, in general, by making
an adjustment that may not make physiological
sense, however timeworn it is. That is simply using a
physiologically suspect means to achieve a laudable
end. We don’t need to do that. We can have our laud-
able end while still respecting, or at least acknowl-

edging, that the underlying physiology is not as
straightforward or as intuitive as many of us were
taught. Adding an extra level of complexity through
BP “adjustments” that fail to acknowledge or even
take into account the basic physiological principles
above will only obscure, not clarify, the eventual
answer.

James Munis, MD, PhD
Chair, Division of Neuroanesthesia
Assistant Professor of Anesthesiology, Physiology, and
Biomedical Engineering
Mayo Clinic College of Medicine
Rochester, MN
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In the Summer 2007 issue of the APSF Newsletter,
Cullen and Kirby reported on 2 patients in whom a
catastrophic, new-onset brain injury was discovered
after surgery in the beach chair (barbershop) posi-
tion.1 The authors presented views on the effect that
blood pressure monitoring and management may
have had on neurologic injury and provided a for-
mula for correcting hydrostatic blood pressure gra-
dients from the site of measurement to the site of
vulnerable brain tissues. This publication generated
a series of letters to the Newsletter, either supporting
or challenging the need for the blood pressure cor-
rections suggested by Cullen and Kirby. Notable
among those letters was that of Munis who argued
that a correction for hydrostatic gradients was not
needed because, in the head-up position, the circula-
tion above the heart functions as a siphon.2 Cucchiara
took another approach and chided practitioners to
place an arterial catheter in head-up patients and
measure blood pressure at the level of the head to
avoid the need for arithmetically corrected measure-
ments altogether.3 This debate continues in the cur-
rent issue of the Newsletter with letters from
Drummond et al. who argue that clinical manage-
ment of head-up patients must account for hydrosta-
tic gradients,4 and Kirby and Cullen5 who expand on
concepts raised in their earlier publication.1

This debate about blood pressure monitoring and
management in head-up patients is unavoidable
because of inadequate empirical data involving anes-
thetized, head-up patients who are at risk for rare,
but debilitating, postoperative neurologic deficits.1,6

Various forms of head-up positioning are used not
only for neurosurgical procedures (e.g., posterior
fossa craniectomy and cervical laminectomies) where
the effects on hemodynamics have been more
intensely pondered, but also for surgery to the thy-
roid gland, shoulder, and other non-neurosurgical
sites where debate about blood pressure manage-
ment has been less common. Placing the patient
supine or prone to avoid physiologic challenges
imposed by a head-up position is not always an
option, as the sitting position for posterior fossa cran-
iotomy is reported to diminish operative blood loss
and significantly improve postoperative cranial
nerve function.7 With cervical spine surgery or pos-
terior fossa intracranial surgery, converting from the
sitting to prone position may potentially worsen pul-
monary gas exchange in patients having medically
complicated obesity, or may contribute to the risk of
postoperative visual impairment in rare instances.
Other surgeries (e.g., thyroid and shoulder surgery)
are simply made more technically difficult by vary-
ing from an ideal head-up position. As such, it

appears that the head-up position during anesthesia
and surgery is here to stay, even though ideal blood
pressure monitoring and management in these
patients is controversial.

One of the core features of the current debate
about blood pressure management in the head-up
position revolves around whether the circulation
above the heart functions as a siphon system2 or as a
waterfall system.1,4,5 Based on the available evidence,
either scenario is probably an oversimplification in
anesthetized, surgically positioned patients. The
siphon concept is very appealing when speaking of
the physiology of unanesthetized healthy humans or
giraffes; however, anesthetized surgical patients
placed head up—often with the head position devi-
ating considerably from neutral—may introduce
more complex physiology. As we will see later, these
head-position variations, independent of a gravity
effect, have a bearing on cerebral circulation. Further,
the siphon analogy assumes that vessels will function
in series, when in fact the vessels connecting the
heart to the most remote areas of the brain tissues
and spinal cord have some elements in series and
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As controversy continues regarding the hemodynamic management of patients in the head-up or beach chair
position, the APSF Newsletter turns to Dr. William Lanier for editorial perspective. Dr. Lanier is Editor-in-Chief of

Mayo Clinic Proceedings as well as a highly regarded neuroanesthesiologist and neurophysiology investigator.
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head-up, anesthetized patients, what should we do
for contemporary blood pressure measurement and
management? It would seem appropriate that our
practices should err on the side of providing exces-
sive blood pressure to non-critical tissues, and ade-
quate blood pressure to critical tissues. Such an
approach has merit not because we have proven that
a modified watershed model of cerebral circulation
is operant in head-up patients or that core principles
have led us to an unimpeachable conclusion, but
instead because such an approach moves us in a
management direction away from hypoperfusion
(whatever the cause). This approach also has merit
because experience tells us that small reductions
from normal blood pressure are statistically more
likely to produce long-term injury (e.g., from
ischemia) than are small elevations in blood pressure
(e.g., from hemorrhage or edema formation). Risk of
cerebral aneurysm rupture is a notable exception.

In the face of inadequate information, pursuing
good outcomes primarily by avoiding bad outcomes
is not new to anesthesiologists and nurse anesthetists.
Indeed, with an ongoing, decades-long debate about
alpha-stat versus pH-stat management of blood gases
and pH during clinically induced hypothermia,16 the
most commonly accepted management philosophy is
directed toward avoiding harm, not pursuing perfec-
tion.

It should be remembered that invoking a siphon-
related analysis of cerebral perfusion is basically an
exploration of the minimal blood pressure required
to provide adequate blood flow from the heart,
through the brain, and back to the heart, and does
not adequately account for the distribution of that
blood flow within the brain. It is an analysis of
extremes, to determine how far we can push our
management approach yet not do harm. Indeed, we
are sometimes called upon to transiently push the
extremes of systemic blood pressure, to permit the
clipping of a cerebral aneurysm, allow the place-
ment of a suture in a critical cardiovascular struc-
ture, or ensure adequate perfusion and oxygenation
of a fetus. However, these infrequent instances are
different from the discussion of blood pressure man-
agement in head-up patients. Here, we are not
exploring the transient, extreme manipulation of
physiology to permit benefit (as in the aforemen-
tioned examples), but the prolonged management of
blood pressure to avoid harm (e.g., watershed cere-
bral ischemia).

As such, until we have definitive data proving
otherwise, it seems prudent to direct our blood pres-
sure management in head-up patients in a manner
that will accommodate for hydrostatic gradients,
patient’s baseline blood pressure (with its implica-
tions for cerebral autoregulation), and the impact of
atherosclerotic and other vascular anomalies,

regional intracranial pressure, and head positioning.
Such an analysis dictates measuring blood pressure
at the level of the most vulnerable tissue (i.e., the
brain), and maintaining blood pressure well within
the patient’s normal range of blood pressures
observed while unanesthetized. This management
philosophy is consistent with our historic role as the
vulnerable patient’s last homeostatic defense for
avoiding injury during anesthesia and surgery.

William L. Lanier, MD
Professor of Anesthesiology
Mayo Clinic
Editor-in-Chief
Mayo Clinic Proceedings
Rochester, MN
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the other patient had simultaneous EEG changes in
both cerebral hemispheres, though more prominent in
the right. Angiography revealed that, because of
widespread atherosclerosis, the left carotid artery con-
tributed nothing to the circulation of either cerebral
hemisphere; however, the right carotid artery sup-
plied blood for both hemispheres. Clearly these col-
lective observations of Toole and Tucker8,9 and
Perkins et al.10 speak to the fact that the plumbing of
the human brain can be variable, dependent on
changes in head positioning, and conceptually quite
different from household plumbing.

Parallel Plumbing Important
If this is the case, one should examine the extremes

of blood pressure required to prevent permanent neu-
rologic injury. At the lower end of this range, we could
assume a young, healthy, normotensive patient, with
classic vessel anatomy, and an intracranial pressure
never deviating from 0 mmHg or regional cerebral
blood flow distribution never deviating from parity.
Assuming a siphon based physiology, then it should
be possible to measure blood pressure at the level of
the heart, and maintain blood pressure at the lower
limit of autoregulation without causing ischemic neu-
rologic injury. Any small errors created by deviations
from a pure siphon system, and some uncertainty as to
whether there is a precise lower limit of autoregulation
and where it might occur in this patient,11 would be
somewhat offset by the fact that, even as perfusion
pressure declines below the lower limits of autoregu-
lation, blood flow does not fall into the abyss but
instead declines gradually, perhaps still leaving
enough circulation to prevent permanent neurologic
injury. At the other extreme, if we assume a waterfall-
based physiology, we must not only account for a
hydrostatic gradient imposed by the sitting position,
but we must also take into account the parallel plumb-
ing feeding the waterfall, and the effects that regional
variations in intracranial pressure, surgical retractor
pressure, head positioning, atherosclerosis, geographic
variants of blood vessel distribution, and other factors
may have on the flow through contributing vessels,
some of which may be critical to patient well-being.
Clearly there is a considerable difference between the
physiologies described by these 2 extremes.

Simple Study May Not Yield
Simple Answer

It is tempting to rush to the animal laboratory to
try to mimic and study the exact patterns of physiol-
ogy during anesthesia and patient positioning. How-
ever, such studies will likely reflect the physiology of
healthy animals in which the various combinations of
heart and head positioning, species-related anatomic
variations, and other factors, will not accurately
reproduce the conditions of the rare, highest-risk
humans. If such studies are eventually performed in

animals to better explore the issue of monitoring site
versus cerebral well-being as related to siphon versus
waterfall hemodynamic models, it must be remem-
bered that measurements of well-being must take into
account the watershed regions of brain, eyes, and
spinal cord, using techniques such as microspheres,
laser Doppler flowmetry, or multidimensional radio-
logic imaging to quantify regional blood flows, and
multiple-lead electrical recordings to assess electrical
well-being. Crude assessments of well-being, using
transcranial Doppler sonography of conducting ves-
sels, and processed or geographically non-discrimi-
nating eletrophysiologic measurements, will simply
not address the root of the problem. Unfortunately,
attempting to monitor and assess individual patients
will be problematic, if for no other reason than that
the patients at greatest risk of injury during the head-
up position are probably those with some atypical
anatomy or baseline physiology. Such patients will be
hard to identify, the influence of variations in patient
positioning may be impossible to explore in the clini-
cal environment, and data from these patients will be
hard to generalize to other high-risk patients.

Absent such evidence, it is tempting to instead
analyze and rationalize blood pressure monitoring
and management in individual patients, based on
core principles. However, we anesthesiologists
should be reluctant to choose this approach, recog-
nizing how such a process has ill served us in the past.
We need not be reminded that for a period of 3 or
more decades, this type analysis of a possible intracra-
nial pressure increase in response to intravenous suc-
cinylcholine,12,13 or to “bucking” and coughing in
tracheally intubated subjects,14,15 erroneously ascribed
increases in intrathoracic pressure and central venous
pressure as the operant mechanisms. However, when
such concepts were first tested experimentally in the
1980s and ‘90s, neither clinical condition was even
remotely related to the long-touted operant mecha-
nism.12-15 Instead, other altogether different mecha-
nisms appeared to be responsible, and the onset,
magnitude, and duration of the intracranial pressure
increases were not at all what anesthesiologists had
long envisioned. There are a sufficient number of sim-
ilar, faulty analyses in the history of anesthesiology to
make us fearful of introducing new errors in manage-
ment, based on core-principle analysis absent empiri-
cal support. However, unlike previous examples
involving transient increases in intracranial pressure,
the end result of the current discussion of blood pres-
sure management in head-up patients is not to declare
a winner of some innocuous academic pillow fight,
but instead to optimize patient management for the
purpose of avoiding irreversible neurologic injury.

Without the data we need to definitively identify
ideal blood pressure monitoring and management in

Too High Likely Safer Than Too Low
some in parallel. These parallel aspects of the circu-
lation may place tissues within remote watershed
regions at risk for ischemic injury coincident with
global cerebral and spinal cord blood flow remain-
ing adequate. It is not so simple to model the cere-
bral circulation as a waterfall either, because a
waterfall analogy dictates that the hydrostatic gradi-
ent of the column of blood in vessels meaningfully
influences the relationship between the pressure at
the aortic root and the remote regions of the brain.
This analysis, too, overlooks the input of vessels in
parallel, some of which may be occluded at baseline
(e.g., from atherosclerosis) or as a result of surgical
positioning. Some examples are in order:

Toole and Tucker8,9 reviewed the literature con-
cerning awake patients who acquire new-onset neu-
rologic symptoms related to changes in head
position, and they identified multiple contributing
factors such as: 1) intraluminal atherosclerosis, 2)
deviations from classic vessel configurations within
the neck (most commonly involving a diminutive or
non-functioning vertebral artery unilaterally), 3)
changing relationships between the geography of
the brainstem and vertebral vessels during head flex-
ion, and 4) external compression of the carotid and
vertebral arteries by osteophytes or normal vertebral
anatomy. In a prospective study,9 they examined the
effect of head flexion/extension, rotation, and tilt on
blood flow through the carotid and vertebral arter-
ies in 20 fresh cadavers. They determined that, if a
change in flow was to occur at all, it occurred at flex-
ion/extension of <45°, rotation of <45°, or tilt of
<30°. A positive response was manifested as simul-
taneous cessation of blood flow in both vertebral
arteries in 30% of cadavers, and in both internal
carotid arteries (but not simultaneously) in 45% of
cadavers. This research also determined that the
diminution or ablation of blood flow in these vessels
was not linear with head movement, but instead
developed precipitously over an incremental 5-10°
change. Additionally, they determined that it was
not possible to predict in which vessel, or even on
which side of the body, vessel occlusion would occur
during head rotation. Elsewhere Perkins et al.10

reported on 2 patients who underwent right carotid
endarterectomy while the patients were supine with
the head rotated to the left. Inadvertent lidocaine
injection into the right carotid arteries (during
attempted local anesthesia of the carotid sinus
baroreceptors) produced electroencephalographic
(EEG) changes in both patients, but the EEG patterns
varied greatly for reasons made clear by the preop-
erative angiogram. In 1 patient, atherosclerotic
changes limited the contributions of the right carotid
artery to the right side of the brain. Not surprisingly,
EEG changes in this patient were unilateral and ipsi-
lateral to the site of lidocaine injection. In contrast,
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head-up, anesthetized patients, what should we do
for contemporary blood pressure measurement and
management? It would seem appropriate that our
practices should err on the side of providing exces-
sive blood pressure to non-critical tissues, and ade-
quate blood pressure to critical tissues. Such an
approach has merit not because we have proven that
a modified watershed model of cerebral circulation
is operant in head-up patients or that core principles
have led us to an unimpeachable conclusion, but
instead because such an approach moves us in a
management direction away from hypoperfusion
(whatever the cause). This approach also has merit
because experience tells us that small reductions
from normal blood pressure are statistically more
likely to produce long-term injury (e.g., from
ischemia) than are small elevations in blood pressure
(e.g., from hemorrhage or edema formation). Risk of
cerebral aneurysm rupture is a notable exception.

In the face of inadequate information, pursuing
good outcomes primarily by avoiding bad outcomes
is not new to anesthesiologists and nurse anesthetists.
Indeed, with an ongoing, decades-long debate about
alpha-stat versus pH-stat management of blood gases
and pH during clinically induced hypothermia,16 the
most commonly accepted management philosophy is
directed toward avoiding harm, not pursuing perfec-
tion.

It should be remembered that invoking a siphon-
related analysis of cerebral perfusion is basically an
exploration of the minimal blood pressure required
to provide adequate blood flow from the heart,
through the brain, and back to the heart, and does
not adequately account for the distribution of that
blood flow within the brain. It is an analysis of
extremes, to determine how far we can push our
management approach yet not do harm. Indeed, we
are sometimes called upon to transiently push the
extremes of systemic blood pressure, to permit the
clipping of a cerebral aneurysm, allow the place-
ment of a suture in a critical cardiovascular struc-
ture, or ensure adequate perfusion and oxygenation
of a fetus. However, these infrequent instances are
different from the discussion of blood pressure man-
agement in head-up patients. Here, we are not
exploring the transient, extreme manipulation of
physiology to permit benefit (as in the aforemen-
tioned examples), but the prolonged management of
blood pressure to avoid harm (e.g., watershed cere-
bral ischemia).

As such, until we have definitive data proving
otherwise, it seems prudent to direct our blood pres-
sure management in head-up patients in a manner
that will accommodate for hydrostatic gradients,
patient’s baseline blood pressure (with its implica-
tions for cerebral autoregulation), and the impact of
atherosclerotic and other vascular anomalies,

regional intracranial pressure, and head positioning.
Such an analysis dictates measuring blood pressure
at the level of the most vulnerable tissue (i.e., the
brain), and maintaining blood pressure well within
the patient’s normal range of blood pressures
observed while unanesthetized. This management
philosophy is consistent with our historic role as the
vulnerable patient’s last homeostatic defense for
avoiding injury during anesthesia and surgery.

William L. Lanier, MD
Professor of Anesthesiology
Mayo Clinic
Editor-in-Chief
Mayo Clinic Proceedings
Rochester, MN
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1. Quelle est la physiologie de la circulation cérébrale?

2. Comment évaluer la pression de perfusion cérébrale 
en fonction de la mesure de tension artérielle?

La discussion 2
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To the Editor:
In the Summer 2007 APSF Newsletter, Cullen and

Kirby cite a dramatic case of cerebral infarction during
shoulder surgery in the beachchair position.1 This case
was 1 of 4 apparent cerebral and/or spinal cord
infarctions presented as a series by Pohl and Cullen in
2005,2 as gleaned from medico-legal reviews by one of
the 2 authors (DJC).

Most anesthesia professionals would not argue
against maintaining blood pressure (BP) within a rea-
sonably close range of preoperative values during any
anesthetic, in the sitting position or otherwise; nor
would I. But prescriptions for acceptable BP manage-
ment should acknowledge the lack of relevant human
data, and should also make reference to methodologic
issues in assessing cerebral perfusion pressure (CPP).
As such, I would like to point out several potential
areas of controversy or ambiguity that may arise from
a reading of Cullen and Kirby’s article:

Of relevance to the author’s, and others’, concern
for BP management in the context of baseline values,
the other 3 cases presented in the original series had
no preoperative BPs reported, and one case used a BP
cuff positioned on the calf while in the seated posi-
tion.  By “preoperative values,” I mean measurements
obtained outside of the stress of the operating room
and in an upright position, as per usual in a preopera-
tive clinic, holding area, or exam room setting. It is
therefore impossible to know by what percentage the
patients’ normal baseline BP was allowed to change
during the anesthetics. Consequently, that series can
offer us little or no quantitative guidance, absent the
extremes beyond common sense and common prac-
tice.

Discussions, including Cullen and Kirby’s, of BP
management in the sitting position seldom take into
account that the upright position is the normal posi-
tion occupied by most human beings during most
waking hours, and that no numerical “compensation”
is made for the upright position when measuring BP
in sitting, awake outpatients. That general anesthesia
decreases BP in the sitting position is irrelevant to this
point. The issue here is not whether interventions
should be made to restore BP to approximately
normal levels (as appropriately suggested by Drum-
mond);3 but rather, the more fundamental question of
how BP should be measured in the first place—either
before or after an intervention is made. If one argues
that when the head is elevated above the heart, an
“adjustment” should be made for a decreased CPP,
then perhaps one should also explain why the same
adjustment is not made for all ambulatory, upright,
measurements. For example, why should we assume
that a BP in the sitting position under anesthesia is
any different with regard to CPP than the same BP

measured in the same way in an awake patient sitting
in a preoperative clinic?

Regarding the methodology of BP measurement,
the practice of “compensating” for arm BP cuff read-
ings in the sitting position extends back to 1954 when
that advice was first published by Enderby,4 and it has
been followed uncritically ever since. The refinement
of Enderby’s advice in neurosurgical cases, where the
arterial line has largely supplanted the BP cuff,
applies the same assumption but by a different
method.  Raising an arterial line transducer to head
level accomplishes by physical means the same thing
as making a numerical “correction” to a BP cuff read-
ing. Both adjustments make an intuitive assumption
that the head is in a compromised position for perfu-
sion when it is in its (normal) upright position relative
to the heart.  Implicit in that assumption, but rarely
stated explicitly, is a correlative assumption: that the
cerebral circulation is an “open” fluid path where a
pump forces blood up to a higher elevation, and that
it flows passively downward (like a waterfall in open
air) back to the heart.  

This conceptual model of the cerebral circulation
is wanting for at least 5 reasons: 

1) it does not match the anatomy of what we know is
a closed, continuous fluid path that does not con-
tain anywhere within it an open-air waterfall
component; 

2) it does not work when upside down or in weight-
lessness (but the actual cerebral circulation does); 

3) it cannot explain the well-described phenomenon
of venous air embolism (VAE) in mechanically
ventilated patients; 

4) it cannot explain the common observation, in sit-
ting neurosurgical cases, of right atrial pressure
(measured at heart level) being far below the
expected value of the hydrostatic pressure of a 25-
30 cm column of blood extending from the supe-
rior sagittal sinus down to the right atrium; and 

5) it does not explain why the risk of VAE is in pro-
portion to the degree of elevation of the perfora-
tion above the heart. 

On the other hand, the conceptual model of the
cerebral circulation as a “closed” circulation easily sat-
isfies the 5 observations above. And inherent to a
closed model is a very strong argument against
making “compensations” for “perfusion pressure” by
raising transducers or subtracting numerical adjust-
ments from BP cuff measurements.

We don’t, of course, monitor hemodynamics in a
conceptual vacuum. Instead, we interpret the num-
bers we measure in the context of our best mental
model of the circulation. One consequence of rejecting

the “open” model is that we now have to distinguish
carefully, when we talk about “pressure,” between
true perfusion pressure and transmural pressure. The
practice of raising transducers to head level or making
numerical adjustments to BP cuff readings in a closed
circulation model actually “adjusts” for something
very different from perfusion pressure—it adjusts for
transmural pressure.

Why does this matter? Because only perfusion
pressure, not transmural pressure, is associated with
flow. And flow is what we are interested in. An arter-
ial line measurement can be used to estimate perfu-
sion pressure only if both inlet and outlet pressures on
either side of the organ of interest are measured, and
only if both pressures are referenced to the same level. By
conventional definition, “perfusion pressure” is a
pressure gradient, not a single point measurement at
only one place in a circuit. Making inferences about
perfusion based on a transmural pressure reading at
only one point in the circuit can be misleading in cer-
tain circumstances. The sitting position is one of them.
While it may seem intuitive that the “real” perfusion
pressure to the brain is a single-point transmural pres-
sure reading referenced to brain level (i.e., the trans-
ducer is elevated to the level of the head), this fails to
take into account that the outlet (venous) pressure of
the brain should also be considered in similar fashion.

Not only does elevating the head (to its normal
day-to-day position) reduce cerebral arterial trans-
mural pressure relative to the heart; so too, does ele-
vating the head reduce the sinus and venous outlet
transmural pressures relative to the heart, and by the
same amount. For that reason, elevating the head does
not, by itself, decrease cerebral blood flow so long as
mean arterial pressure (MAP) at the level of the heart
is not allowed to change. A change in transmural
pressure at one point in the circuit—which is what a
numerical “adjustment” of a BP cuff reading, or rais-
ing an arterial line transducer to head level tells us—
does not imply a change in flow.5,6

A simple illustration may help to clarify this point:
the flow rate of fluid through IV tubing is propor-
tional to the relative height of the IV bag and the
patient. The path that the IV tubing takes between the
IV bag and the patient does not affect flow rate. The
tubing can be looped down to the floor and then back
up to the patient, or even looped up over the top of
the IV pole and back down to the patient, and the flow
will be the same in either case. If you make a mark at
one point on the tubing and measure the transmural
pressure (again, inside minus outside pressure) at that
one point, it will be dramatically different depending
on its position relative to the patient. The transmural
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pressure at your mark in the tubing may be negative
(subatmospheric) if it is elevated above the IV pole;
or it may be markedly positive if that point is
dropped down to the floor below the patient. But in
either case, flow through the tubing remains
unchanged because perfusion pressure (inlet minus
outlet pressure) is unchanged. Local transmural
pressure at just one point cannot be substituted for
perfusion pressure. They are completely different
concepts, and should not be used interchangeably.

Returning to the cerebral circulation, if we say
that “perfusion pressure” at the elevated level of the
upright brain is lower, we are in fact referring not to
perfusion pressure, but to a local transmural pressure.
Perfusion pressure remains inlet (aorta) minus outlet
(right atrium) pressure. If we insist on “compensat-
ing” for a fall in local (transmural) arterial pressure at
the inlet of the brain (either by moving the transducer
above the heart to head level; or by a numerical
adjustment to a BP cuff reading), then to be consis-
tent, we should also “compensate” for the corre-
sponding fall in the transmural pressure of the brain’s
sinuses and veins when measured at the same level in
the sitting position. That could be accomplished by
also raising the CVP transducer to head level. If we do
so, we will see that both inlet and outlet pressures
have fallen, and by the same amount. Cerebral perfu-
sion pressure remains unchanged and there is, in fact,
no point in making the 2 self-cancelling “compensa-
tions.” The standard definitions of CPP (CPP = MAP
– CVP when CVP > ICP; CPP = MAP – ICP when ICP
> CVP) remain unchanged, and there is no rationale
for leveling MAP and CVP transducers at different
heights when measuring CPP.

If one doubts that cerebral veins and sinuses
have lower, even negative, transmural pressures in
the upright position, then consider the well-
described phenomenon of venous air embolism
(VAE). In a mechanically ventilated patient who is
making no inspiratory efforts, the same “siphon”
effect that is inherent to a closed model of the circu-
lation causes subatmospheric pressure in the IV
tubing example also causes subatmospheric pres-
sure in the elevated sinuses and veins of the head.
This is how VAE occurs even in mechanically venti-
lated patients when the operative site is elevated
above the heart, and it is also why the tendency for
VAE is proportional to the degree of elevation of the
operative site above the heart.

An open model of the circulation provides no
explanatory power in this domain, and this limitation
of the open model should be addressed in any dis-
cussion of the mechanism of VAE specifically; and in
any discussion of hemodynamic monitoring in the sit-

ting position generally.  Among circulatory physiolo-
gists, the controversy between adopting an open
versus a closed model of the cerebral circulation is just
that: a controversy.6 I am not advocating an uncritical
acceptance of the closed model, along with its impli-
cations for hemodynamic monitoring. But I am advo-
cating that the anesthesia and monitoring
communities acknowledge and address, on its merits,
arguments for and against both models. In this
domain, where the “right” answer may very well be
counterintuitive, it is especially important to allow
physiology to lead the discussion.

Every day in almost every anesthetic, we make BP
cuff measurements and infer something about whole
body perfusion. That is a time-tested empiric rela-
tionship for which we have much experience and
much data. I am not, of course, suggesting that we
discount BP cuff readings in general just because they
measure a local transmural pressure in the arm
beneath the cuff.  Nor am I suggesting that we allow
blood pressure, properly measured and interpreted,
to fall significantly below the patient’s preoperative
baseline. Instead, I am suggesting that we not make
an unnecessary numerical adjustment for the use of
BP cuffs in the sitting position. Such an adjustment is
predicated on a false assumption made a half century
ago about the physics and the physiology of CPP; and
a confusion of transmural for perfusion pressure. 

There is a great need to revisit the important ques-
tion of “what is a safe blood pressure?” The cases
referred to by Cullen and Kirby can offer a general
wake-up call that even modest hypotension may be
dangerous; and that we should be circumspect in
agreeing to a surgeon’s request for deliberate hypoten-
sion. But absent a case population denominator, or
even sufficient documentation of baseline and equally-
measured intraoperative BPs in the 4 cases presented,
they can offer very little quantitative guidance to help
explore the question. Most practitioners would not run
their patients’ BPs as low as those presented; regard-
less of where or how they were measured.

As a specialty, we may very well reexamine what
we accept as best practice for BP management so that
we are not losing patients on one tail of the suscepti-
bility curve to bad outcomes. By all means, we
should run the BP, measured normally in what is a
normal human upright position, higher than in the
cases presented until we know the answers. Most of
us would anyway. But let’s not add to our current
ignorance of what a safe BP is, in general, by making
an adjustment that may not make physiological
sense, however timeworn it is. That is simply using a
physiologically suspect means to achieve a laudable
end. We don’t need to do that. We can have our laud-
able end while still respecting, or at least acknowl-

edging, that the underlying physiology is not as
straightforward or as intuitive as many of us were
taught. Adding an extra level of complexity through
BP “adjustments” that fail to acknowledge or even
take into account the basic physiological principles
above will only obscure, not clarify, the eventual
answer.

James Munis, MD, PhD
Chair, Division of Neuroanesthesia
Assistant Professor of Anesthesiology, Physiology, and
Biomedical Engineering
Mayo Clinic College of Medicine
Rochester, MN
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In the Summer 2007 issue of the APSF Newsletter,
Cullen and Kirby reported on 2 patients in whom a
catastrophic, new-onset brain injury was discovered
after surgery in the beach chair (barbershop) posi-
tion.1 The authors presented views on the effect that
blood pressure monitoring and management may
have had on neurologic injury and provided a for-
mula for correcting hydrostatic blood pressure gra-
dients from the site of measurement to the site of
vulnerable brain tissues. This publication generated
a series of letters to the Newsletter, either supporting
or challenging the need for the blood pressure cor-
rections suggested by Cullen and Kirby. Notable
among those letters was that of Munis who argued
that a correction for hydrostatic gradients was not
needed because, in the head-up position, the circula-
tion above the heart functions as a siphon.2 Cucchiara
took another approach and chided practitioners to
place an arterial catheter in head-up patients and
measure blood pressure at the level of the head to
avoid the need for arithmetically corrected measure-
ments altogether.3 This debate continues in the cur-
rent issue of the Newsletter with letters from
Drummond et al. who argue that clinical manage-
ment of head-up patients must account for hydrosta-
tic gradients,4 and Kirby and Cullen5 who expand on
concepts raised in their earlier publication.1

This debate about blood pressure monitoring and
management in head-up patients is unavoidable
because of inadequate empirical data involving anes-
thetized, head-up patients who are at risk for rare,
but debilitating, postoperative neurologic deficits.1,6

Various forms of head-up positioning are used not
only for neurosurgical procedures (e.g., posterior
fossa craniectomy and cervical laminectomies) where
the effects on hemodynamics have been more
intensely pondered, but also for surgery to the thy-
roid gland, shoulder, and other non-neurosurgical
sites where debate about blood pressure manage-
ment has been less common. Placing the patient
supine or prone to avoid physiologic challenges
imposed by a head-up position is not always an
option, as the sitting position for posterior fossa cran-
iotomy is reported to diminish operative blood loss
and significantly improve postoperative cranial
nerve function.7 With cervical spine surgery or pos-
terior fossa intracranial surgery, converting from the
sitting to prone position may potentially worsen pul-
monary gas exchange in patients having medically
complicated obesity, or may contribute to the risk of
postoperative visual impairment in rare instances.
Other surgeries (e.g., thyroid and shoulder surgery)
are simply made more technically difficult by vary-
ing from an ideal head-up position. As such, it

appears that the head-up position during anesthesia
and surgery is here to stay, even though ideal blood
pressure monitoring and management in these
patients is controversial.

One of the core features of the current debate
about blood pressure management in the head-up
position revolves around whether the circulation
above the heart functions as a siphon system2 or as a
waterfall system.1,4,5 Based on the available evidence,
either scenario is probably an oversimplification in
anesthetized, surgically positioned patients. The
siphon concept is very appealing when speaking of
the physiology of unanesthetized healthy humans or
giraffes; however, anesthetized surgical patients
placed head up—often with the head position devi-
ating considerably from neutral—may introduce
more complex physiology. As we will see later, these
head-position variations, independent of a gravity
effect, have a bearing on cerebral circulation. Further,
the siphon analogy assumes that vessels will function
in series, when in fact the vessels connecting the
heart to the most remote areas of the brain tissues
and spinal cord have some elements in series and
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As controversy continues regarding the hemodynamic management of patients in the head-up or beach chair
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the other patient had simultaneous EEG changes in
both cerebral hemispheres, though more prominent in
the right. Angiography revealed that, because of
widespread atherosclerosis, the left carotid artery con-
tributed nothing to the circulation of either cerebral
hemisphere; however, the right carotid artery sup-
plied blood for both hemispheres. Clearly these col-
lective observations of Toole and Tucker8,9 and
Perkins et al.10 speak to the fact that the plumbing of
the human brain can be variable, dependent on
changes in head positioning, and conceptually quite
different from household plumbing.

Parallel Plumbing Important
If this is the case, one should examine the extremes

of blood pressure required to prevent permanent neu-
rologic injury. At the lower end of this range, we could
assume a young, healthy, normotensive patient, with
classic vessel anatomy, and an intracranial pressure
never deviating from 0 mmHg or regional cerebral
blood flow distribution never deviating from parity.
Assuming a siphon based physiology, then it should
be possible to measure blood pressure at the level of
the heart, and maintain blood pressure at the lower
limit of autoregulation without causing ischemic neu-
rologic injury. Any small errors created by deviations
from a pure siphon system, and some uncertainty as to
whether there is a precise lower limit of autoregulation
and where it might occur in this patient,11 would be
somewhat offset by the fact that, even as perfusion
pressure declines below the lower limits of autoregu-
lation, blood flow does not fall into the abyss but
instead declines gradually, perhaps still leaving
enough circulation to prevent permanent neurologic
injury. At the other extreme, if we assume a waterfall-
based physiology, we must not only account for a
hydrostatic gradient imposed by the sitting position,
but we must also take into account the parallel plumb-
ing feeding the waterfall, and the effects that regional
variations in intracranial pressure, surgical retractor
pressure, head positioning, atherosclerosis, geographic
variants of blood vessel distribution, and other factors
may have on the flow through contributing vessels,
some of which may be critical to patient well-being.
Clearly there is a considerable difference between the
physiologies described by these 2 extremes.

Simple Study May Not Yield
Simple Answer

It is tempting to rush to the animal laboratory to
try to mimic and study the exact patterns of physiol-
ogy during anesthesia and patient positioning. How-
ever, such studies will likely reflect the physiology of
healthy animals in which the various combinations of
heart and head positioning, species-related anatomic
variations, and other factors, will not accurately
reproduce the conditions of the rare, highest-risk
humans. If such studies are eventually performed in

animals to better explore the issue of monitoring site
versus cerebral well-being as related to siphon versus
waterfall hemodynamic models, it must be remem-
bered that measurements of well-being must take into
account the watershed regions of brain, eyes, and
spinal cord, using techniques such as microspheres,
laser Doppler flowmetry, or multidimensional radio-
logic imaging to quantify regional blood flows, and
multiple-lead electrical recordings to assess electrical
well-being. Crude assessments of well-being, using
transcranial Doppler sonography of conducting ves-
sels, and processed or geographically non-discrimi-
nating eletrophysiologic measurements, will simply
not address the root of the problem. Unfortunately,
attempting to monitor and assess individual patients
will be problematic, if for no other reason than that
the patients at greatest risk of injury during the head-
up position are probably those with some atypical
anatomy or baseline physiology. Such patients will be
hard to identify, the influence of variations in patient
positioning may be impossible to explore in the clini-
cal environment, and data from these patients will be
hard to generalize to other high-risk patients.

Absent such evidence, it is tempting to instead
analyze and rationalize blood pressure monitoring
and management in individual patients, based on
core principles. However, we anesthesiologists
should be reluctant to choose this approach, recog-
nizing how such a process has ill served us in the past.
We need not be reminded that for a period of 3 or
more decades, this type analysis of a possible intracra-
nial pressure increase in response to intravenous suc-
cinylcholine,12,13 or to “bucking” and coughing in
tracheally intubated subjects,14,15 erroneously ascribed
increases in intrathoracic pressure and central venous
pressure as the operant mechanisms. However, when
such concepts were first tested experimentally in the
1980s and ‘90s, neither clinical condition was even
remotely related to the long-touted operant mecha-
nism.12-15 Instead, other altogether different mecha-
nisms appeared to be responsible, and the onset,
magnitude, and duration of the intracranial pressure
increases were not at all what anesthesiologists had
long envisioned. There are a sufficient number of sim-
ilar, faulty analyses in the history of anesthesiology to
make us fearful of introducing new errors in manage-
ment, based on core-principle analysis absent empiri-
cal support. However, unlike previous examples
involving transient increases in intracranial pressure,
the end result of the current discussion of blood pres-
sure management in head-up patients is not to declare
a winner of some innocuous academic pillow fight,
but instead to optimize patient management for the
purpose of avoiding irreversible neurologic injury.

Without the data we need to definitively identify
ideal blood pressure monitoring and management in

Too High Likely Safer Than Too Low
some in parallel. These parallel aspects of the circu-
lation may place tissues within remote watershed
regions at risk for ischemic injury coincident with
global cerebral and spinal cord blood flow remain-
ing adequate. It is not so simple to model the cere-
bral circulation as a waterfall either, because a
waterfall analogy dictates that the hydrostatic gradi-
ent of the column of blood in vessels meaningfully
influences the relationship between the pressure at
the aortic root and the remote regions of the brain.
This analysis, too, overlooks the input of vessels in
parallel, some of which may be occluded at baseline
(e.g., from atherosclerosis) or as a result of surgical
positioning. Some examples are in order:

Toole and Tucker8,9 reviewed the literature con-
cerning awake patients who acquire new-onset neu-
rologic symptoms related to changes in head
position, and they identified multiple contributing
factors such as: 1) intraluminal atherosclerosis, 2)
deviations from classic vessel configurations within
the neck (most commonly involving a diminutive or
non-functioning vertebral artery unilaterally), 3)
changing relationships between the geography of
the brainstem and vertebral vessels during head flex-
ion, and 4) external compression of the carotid and
vertebral arteries by osteophytes or normal vertebral
anatomy. In a prospective study,9 they examined the
effect of head flexion/extension, rotation, and tilt on
blood flow through the carotid and vertebral arter-
ies in 20 fresh cadavers. They determined that, if a
change in flow was to occur at all, it occurred at flex-
ion/extension of <45°, rotation of <45°, or tilt of
<30°. A positive response was manifested as simul-
taneous cessation of blood flow in both vertebral
arteries in 30% of cadavers, and in both internal
carotid arteries (but not simultaneously) in 45% of
cadavers. This research also determined that the
diminution or ablation of blood flow in these vessels
was not linear with head movement, but instead
developed precipitously over an incremental 5-10°
change. Additionally, they determined that it was
not possible to predict in which vessel, or even on
which side of the body, vessel occlusion would occur
during head rotation. Elsewhere Perkins et al.10

reported on 2 patients who underwent right carotid
endarterectomy while the patients were supine with
the head rotated to the left. Inadvertent lidocaine
injection into the right carotid arteries (during
attempted local anesthesia of the carotid sinus
baroreceptors) produced electroencephalographic
(EEG) changes in both patients, but the EEG patterns
varied greatly for reasons made clear by the preop-
erative angiogram. In 1 patient, atherosclerotic
changes limited the contributions of the right carotid
artery to the right side of the brain. Not surprisingly,
EEG changes in this patient were unilateral and ipsi-
lateral to the site of lidocaine injection. In contrast,

“Head Up,” From Page 1

See “Head Up,” Next Page

head-up, anesthetized patients, what should we do
for contemporary blood pressure measurement and
management? It would seem appropriate that our
practices should err on the side of providing exces-
sive blood pressure to non-critical tissues, and ade-
quate blood pressure to critical tissues. Such an
approach has merit not because we have proven that
a modified watershed model of cerebral circulation
is operant in head-up patients or that core principles
have led us to an unimpeachable conclusion, but
instead because such an approach moves us in a
management direction away from hypoperfusion
(whatever the cause). This approach also has merit
because experience tells us that small reductions
from normal blood pressure are statistically more
likely to produce long-term injury (e.g., from
ischemia) than are small elevations in blood pressure
(e.g., from hemorrhage or edema formation). Risk of
cerebral aneurysm rupture is a notable exception.

In the face of inadequate information, pursuing
good outcomes primarily by avoiding bad outcomes
is not new to anesthesiologists and nurse anesthetists.
Indeed, with an ongoing, decades-long debate about
alpha-stat versus pH-stat management of blood gases
and pH during clinically induced hypothermia,16 the
most commonly accepted management philosophy is
directed toward avoiding harm, not pursuing perfec-
tion.

It should be remembered that invoking a siphon-
related analysis of cerebral perfusion is basically an
exploration of the minimal blood pressure required
to provide adequate blood flow from the heart,
through the brain, and back to the heart, and does
not adequately account for the distribution of that
blood flow within the brain. It is an analysis of
extremes, to determine how far we can push our
management approach yet not do harm. Indeed, we
are sometimes called upon to transiently push the
extremes of systemic blood pressure, to permit the
clipping of a cerebral aneurysm, allow the place-
ment of a suture in a critical cardiovascular struc-
ture, or ensure adequate perfusion and oxygenation
of a fetus. However, these infrequent instances are
different from the discussion of blood pressure man-
agement in head-up patients. Here, we are not
exploring the transient, extreme manipulation of
physiology to permit benefit (as in the aforemen-
tioned examples), but the prolonged management of
blood pressure to avoid harm (e.g., watershed cere-
bral ischemia).

As such, until we have definitive data proving
otherwise, it seems prudent to direct our blood pres-
sure management in head-up patients in a manner
that will accommodate for hydrostatic gradients,
patient’s baseline blood pressure (with its implica-
tions for cerebral autoregulation), and the impact of
atherosclerotic and other vascular anomalies,

regional intracranial pressure, and head positioning.
Such an analysis dictates measuring blood pressure
at the level of the most vulnerable tissue (i.e., the
brain), and maintaining blood pressure well within
the patient’s normal range of blood pressures
observed while unanesthetized. This management
philosophy is consistent with our historic role as the
vulnerable patient’s last homeostatic defense for
avoiding injury during anesthesia and surgery.

William L. Lanier, MD
Professor of Anesthesiology
Mayo Clinic
Editor-in-Chief
Mayo Clinic Proceedings
Rochester, MN
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1. Quelle est la physiologie de la circulation cérébrale?

2. Comment évaluer la pression de perfusion cérébrale 
en fonction de la mesure de tension artérielle?

La discussion 2
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To the Editor:
In the Summer 2007 APSF Newsletter, Cullen and

Kirby cite a dramatic case of cerebral infarction during
shoulder surgery in the beachchair position.1 This case
was 1 of 4 apparent cerebral and/or spinal cord
infarctions presented as a series by Pohl and Cullen in
2005,2 as gleaned from medico-legal reviews by one of
the 2 authors (DJC).

Most anesthesia professionals would not argue
against maintaining blood pressure (BP) within a rea-
sonably close range of preoperative values during any
anesthetic, in the sitting position or otherwise; nor
would I. But prescriptions for acceptable BP manage-
ment should acknowledge the lack of relevant human
data, and should also make reference to methodologic
issues in assessing cerebral perfusion pressure (CPP).
As such, I would like to point out several potential
areas of controversy or ambiguity that may arise from
a reading of Cullen and Kirby’s article:

Of relevance to the author’s, and others’, concern
for BP management in the context of baseline values,
the other 3 cases presented in the original series had
no preoperative BPs reported, and one case used a BP
cuff positioned on the calf while in the seated posi-
tion.  By “preoperative values,” I mean measurements
obtained outside of the stress of the operating room
and in an upright position, as per usual in a preopera-
tive clinic, holding area, or exam room setting. It is
therefore impossible to know by what percentage the
patients’ normal baseline BP was allowed to change
during the anesthetics. Consequently, that series can
offer us little or no quantitative guidance, absent the
extremes beyond common sense and common prac-
tice.

Discussions, including Cullen and Kirby’s, of BP
management in the sitting position seldom take into
account that the upright position is the normal posi-
tion occupied by most human beings during most
waking hours, and that no numerical “compensation”
is made for the upright position when measuring BP
in sitting, awake outpatients. That general anesthesia
decreases BP in the sitting position is irrelevant to this
point. The issue here is not whether interventions
should be made to restore BP to approximately
normal levels (as appropriately suggested by Drum-
mond);3 but rather, the more fundamental question of
how BP should be measured in the first place—either
before or after an intervention is made. If one argues
that when the head is elevated above the heart, an
“adjustment” should be made for a decreased CPP,
then perhaps one should also explain why the same
adjustment is not made for all ambulatory, upright,
measurements. For example, why should we assume
that a BP in the sitting position under anesthesia is
any different with regard to CPP than the same BP

measured in the same way in an awake patient sitting
in a preoperative clinic?

Regarding the methodology of BP measurement,
the practice of “compensating” for arm BP cuff read-
ings in the sitting position extends back to 1954 when
that advice was first published by Enderby,4 and it has
been followed uncritically ever since. The refinement
of Enderby’s advice in neurosurgical cases, where the
arterial line has largely supplanted the BP cuff,
applies the same assumption but by a different
method.  Raising an arterial line transducer to head
level accomplishes by physical means the same thing
as making a numerical “correction” to a BP cuff read-
ing. Both adjustments make an intuitive assumption
that the head is in a compromised position for perfu-
sion when it is in its (normal) upright position relative
to the heart.  Implicit in that assumption, but rarely
stated explicitly, is a correlative assumption: that the
cerebral circulation is an “open” fluid path where a
pump forces blood up to a higher elevation, and that
it flows passively downward (like a waterfall in open
air) back to the heart.  

This conceptual model of the cerebral circulation
is wanting for at least 5 reasons: 

1) it does not match the anatomy of what we know is
a closed, continuous fluid path that does not con-
tain anywhere within it an open-air waterfall
component; 

2) it does not work when upside down or in weight-
lessness (but the actual cerebral circulation does); 

3) it cannot explain the well-described phenomenon
of venous air embolism (VAE) in mechanically
ventilated patients; 

4) it cannot explain the common observation, in sit-
ting neurosurgical cases, of right atrial pressure
(measured at heart level) being far below the
expected value of the hydrostatic pressure of a 25-
30 cm column of blood extending from the supe-
rior sagittal sinus down to the right atrium; and 

5) it does not explain why the risk of VAE is in pro-
portion to the degree of elevation of the perfora-
tion above the heart. 

On the other hand, the conceptual model of the
cerebral circulation as a “closed” circulation easily sat-
isfies the 5 observations above. And inherent to a
closed model is a very strong argument against
making “compensations” for “perfusion pressure” by
raising transducers or subtracting numerical adjust-
ments from BP cuff measurements.

We don’t, of course, monitor hemodynamics in a
conceptual vacuum. Instead, we interpret the num-
bers we measure in the context of our best mental
model of the circulation. One consequence of rejecting

the “open” model is that we now have to distinguish
carefully, when we talk about “pressure,” between
true perfusion pressure and transmural pressure. The
practice of raising transducers to head level or making
numerical adjustments to BP cuff readings in a closed
circulation model actually “adjusts” for something
very different from perfusion pressure—it adjusts for
transmural pressure.

Why does this matter? Because only perfusion
pressure, not transmural pressure, is associated with
flow. And flow is what we are interested in. An arter-
ial line measurement can be used to estimate perfu-
sion pressure only if both inlet and outlet pressures on
either side of the organ of interest are measured, and
only if both pressures are referenced to the same level. By
conventional definition, “perfusion pressure” is a
pressure gradient, not a single point measurement at
only one place in a circuit. Making inferences about
perfusion based on a transmural pressure reading at
only one point in the circuit can be misleading in cer-
tain circumstances. The sitting position is one of them.
While it may seem intuitive that the “real” perfusion
pressure to the brain is a single-point transmural pres-
sure reading referenced to brain level (i.e., the trans-
ducer is elevated to the level of the head), this fails to
take into account that the outlet (venous) pressure of
the brain should also be considered in similar fashion.

Not only does elevating the head (to its normal
day-to-day position) reduce cerebral arterial trans-
mural pressure relative to the heart; so too, does ele-
vating the head reduce the sinus and venous outlet
transmural pressures relative to the heart, and by the
same amount. For that reason, elevating the head does
not, by itself, decrease cerebral blood flow so long as
mean arterial pressure (MAP) at the level of the heart
is not allowed to change. A change in transmural
pressure at one point in the circuit—which is what a
numerical “adjustment” of a BP cuff reading, or rais-
ing an arterial line transducer to head level tells us—
does not imply a change in flow.5,6

A simple illustration may help to clarify this point:
the flow rate of fluid through IV tubing is propor-
tional to the relative height of the IV bag and the
patient. The path that the IV tubing takes between the
IV bag and the patient does not affect flow rate. The
tubing can be looped down to the floor and then back
up to the patient, or even looped up over the top of
the IV pole and back down to the patient, and the flow
will be the same in either case. If you make a mark at
one point on the tubing and measure the transmural
pressure (again, inside minus outside pressure) at that
one point, it will be dramatically different depending
on its position relative to the patient. The transmural
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pressure at your mark in the tubing may be negative
(subatmospheric) if it is elevated above the IV pole;
or it may be markedly positive if that point is
dropped down to the floor below the patient. But in
either case, flow through the tubing remains
unchanged because perfusion pressure (inlet minus
outlet pressure) is unchanged. Local transmural
pressure at just one point cannot be substituted for
perfusion pressure. They are completely different
concepts, and should not be used interchangeably.

Returning to the cerebral circulation, if we say
that “perfusion pressure” at the elevated level of the
upright brain is lower, we are in fact referring not to
perfusion pressure, but to a local transmural pressure.
Perfusion pressure remains inlet (aorta) minus outlet
(right atrium) pressure. If we insist on “compensat-
ing” for a fall in local (transmural) arterial pressure at
the inlet of the brain (either by moving the transducer
above the heart to head level; or by a numerical
adjustment to a BP cuff reading), then to be consis-
tent, we should also “compensate” for the corre-
sponding fall in the transmural pressure of the brain’s
sinuses and veins when measured at the same level in
the sitting position. That could be accomplished by
also raising the CVP transducer to head level. If we do
so, we will see that both inlet and outlet pressures
have fallen, and by the same amount. Cerebral perfu-
sion pressure remains unchanged and there is, in fact,
no point in making the 2 self-cancelling “compensa-
tions.” The standard definitions of CPP (CPP = MAP
– CVP when CVP > ICP; CPP = MAP – ICP when ICP
> CVP) remain unchanged, and there is no rationale
for leveling MAP and CVP transducers at different
heights when measuring CPP.

If one doubts that cerebral veins and sinuses
have lower, even negative, transmural pressures in
the upright position, then consider the well-
described phenomenon of venous air embolism
(VAE). In a mechanically ventilated patient who is
making no inspiratory efforts, the same “siphon”
effect that is inherent to a closed model of the circu-
lation causes subatmospheric pressure in the IV
tubing example also causes subatmospheric pres-
sure in the elevated sinuses and veins of the head.
This is how VAE occurs even in mechanically venti-
lated patients when the operative site is elevated
above the heart, and it is also why the tendency for
VAE is proportional to the degree of elevation of the
operative site above the heart.

An open model of the circulation provides no
explanatory power in this domain, and this limitation
of the open model should be addressed in any dis-
cussion of the mechanism of VAE specifically; and in
any discussion of hemodynamic monitoring in the sit-

ting position generally.  Among circulatory physiolo-
gists, the controversy between adopting an open
versus a closed model of the cerebral circulation is just
that: a controversy.6 I am not advocating an uncritical
acceptance of the closed model, along with its impli-
cations for hemodynamic monitoring. But I am advo-
cating that the anesthesia and monitoring
communities acknowledge and address, on its merits,
arguments for and against both models. In this
domain, where the “right” answer may very well be
counterintuitive, it is especially important to allow
physiology to lead the discussion.

Every day in almost every anesthetic, we make BP
cuff measurements and infer something about whole
body perfusion. That is a time-tested empiric rela-
tionship for which we have much experience and
much data. I am not, of course, suggesting that we
discount BP cuff readings in general just because they
measure a local transmural pressure in the arm
beneath the cuff.  Nor am I suggesting that we allow
blood pressure, properly measured and interpreted,
to fall significantly below the patient’s preoperative
baseline. Instead, I am suggesting that we not make
an unnecessary numerical adjustment for the use of
BP cuffs in the sitting position. Such an adjustment is
predicated on a false assumption made a half century
ago about the physics and the physiology of CPP; and
a confusion of transmural for perfusion pressure. 

There is a great need to revisit the important ques-
tion of “what is a safe blood pressure?” The cases
referred to by Cullen and Kirby can offer a general
wake-up call that even modest hypotension may be
dangerous; and that we should be circumspect in
agreeing to a surgeon’s request for deliberate hypoten-
sion. But absent a case population denominator, or
even sufficient documentation of baseline and equally-
measured intraoperative BPs in the 4 cases presented,
they can offer very little quantitative guidance to help
explore the question. Most practitioners would not run
their patients’ BPs as low as those presented; regard-
less of where or how they were measured.

As a specialty, we may very well reexamine what
we accept as best practice for BP management so that
we are not losing patients on one tail of the suscepti-
bility curve to bad outcomes. By all means, we
should run the BP, measured normally in what is a
normal human upright position, higher than in the
cases presented until we know the answers. Most of
us would anyway. But let’s not add to our current
ignorance of what a safe BP is, in general, by making
an adjustment that may not make physiological
sense, however timeworn it is. That is simply using a
physiologically suspect means to achieve a laudable
end. We don’t need to do that. We can have our laud-
able end while still respecting, or at least acknowl-

edging, that the underlying physiology is not as
straightforward or as intuitive as many of us were
taught. Adding an extra level of complexity through
BP “adjustments” that fail to acknowledge or even
take into account the basic physiological principles
above will only obscure, not clarify, the eventual
answer.

James Munis, MD, PhD
Chair, Division of Neuroanesthesia
Assistant Professor of Anesthesiology, Physiology, and
Biomedical Engineering
Mayo Clinic College of Medicine
Rochester, MN
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In the Summer 2007 issue of the APSF Newsletter,
Cullen and Kirby reported on 2 patients in whom a
catastrophic, new-onset brain injury was discovered
after surgery in the beach chair (barbershop) posi-
tion.1 The authors presented views on the effect that
blood pressure monitoring and management may
have had on neurologic injury and provided a for-
mula for correcting hydrostatic blood pressure gra-
dients from the site of measurement to the site of
vulnerable brain tissues. This publication generated
a series of letters to the Newsletter, either supporting
or challenging the need for the blood pressure cor-
rections suggested by Cullen and Kirby. Notable
among those letters was that of Munis who argued
that a correction for hydrostatic gradients was not
needed because, in the head-up position, the circula-
tion above the heart functions as a siphon.2 Cucchiara
took another approach and chided practitioners to
place an arterial catheter in head-up patients and
measure blood pressure at the level of the head to
avoid the need for arithmetically corrected measure-
ments altogether.3 This debate continues in the cur-
rent issue of the Newsletter with letters from
Drummond et al. who argue that clinical manage-
ment of head-up patients must account for hydrosta-
tic gradients,4 and Kirby and Cullen5 who expand on
concepts raised in their earlier publication.1

This debate about blood pressure monitoring and
management in head-up patients is unavoidable
because of inadequate empirical data involving anes-
thetized, head-up patients who are at risk for rare,
but debilitating, postoperative neurologic deficits.1,6

Various forms of head-up positioning are used not
only for neurosurgical procedures (e.g., posterior
fossa craniectomy and cervical laminectomies) where
the effects on hemodynamics have been more
intensely pondered, but also for surgery to the thy-
roid gland, shoulder, and other non-neurosurgical
sites where debate about blood pressure manage-
ment has been less common. Placing the patient
supine or prone to avoid physiologic challenges
imposed by a head-up position is not always an
option, as the sitting position for posterior fossa cran-
iotomy is reported to diminish operative blood loss
and significantly improve postoperative cranial
nerve function.7 With cervical spine surgery or pos-
terior fossa intracranial surgery, converting from the
sitting to prone position may potentially worsen pul-
monary gas exchange in patients having medically
complicated obesity, or may contribute to the risk of
postoperative visual impairment in rare instances.
Other surgeries (e.g., thyroid and shoulder surgery)
are simply made more technically difficult by vary-
ing from an ideal head-up position. As such, it

appears that the head-up position during anesthesia
and surgery is here to stay, even though ideal blood
pressure monitoring and management in these
patients is controversial.

One of the core features of the current debate
about blood pressure management in the head-up
position revolves around whether the circulation
above the heart functions as a siphon system2 or as a
waterfall system.1,4,5 Based on the available evidence,
either scenario is probably an oversimplification in
anesthetized, surgically positioned patients. The
siphon concept is very appealing when speaking of
the physiology of unanesthetized healthy humans or
giraffes; however, anesthetized surgical patients
placed head up—often with the head position devi-
ating considerably from neutral—may introduce
more complex physiology. As we will see later, these
head-position variations, independent of a gravity
effect, have a bearing on cerebral circulation. Further,
the siphon analogy assumes that vessels will function
in series, when in fact the vessels connecting the
heart to the most remote areas of the brain tissues
and spinal cord have some elements in series and
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As controversy continues regarding the hemodynamic management of patients in the head-up or beach chair
position, the APSF Newsletter turns to Dr. William Lanier for editorial perspective. Dr. Lanier is Editor-in-Chief of

Mayo Clinic Proceedings as well as a highly regarded neuroanesthesiologist and neurophysiology investigator.
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of deliberate hypotension. Dr. David Cullen, previous 
chair in the Department of Anesthesiology at Tufts 
Medical Center, reviewed his case series of 4 patients 
who developed severe and permanent brain or spinal 
cord infarcts after having anesthesia with deliberate 
hypotension in the beach chair position. He reported 
that he was aware of an additional 11 cases in which 
patients suffered severe brain damage under similar 
circumstances. Dr. Cullen believes that anesthesia care 
providers need to maintain blood pressure at or near 
baseline levels in the sitting position. He provided the 
following recommendations to avoid hypotension in 
the sitting position: 1) titration of anesthetics to avoid 
excessive depth of anesthesia; 2) minimizing sudden 
changes in position; 3) administration of intravenous 
fluids to offset the effects of NPO status and the sitting 
position on venous return; 4) use of vaspressors to 
maintain blood pressure, as needed; and 5) correction 
of blood pressure for the difference in height between 
the site of measurement and the brain (1 cm height = 
0.77 mmHg or 1 mmHg = 1.25 cm height) . 

Dr. Daniel I. Sessler, chair of the Department of 
Outcomes Research at the Cleveland Clinic presented 
preliminary data from a retrospective study of 24,000 
patients undergoing volatile anesthesia with 
Bispectral Index (BIS) monitoring. Dr. Sessler’s group 
examined combinations of mean arterial pressure ≤75 
mmHg, BIS <45, and minimum alveolar concentra-
tion (MAC) <0.7 (each averaged over case duration). 
Thirty-day mortality was similar in patients in whom 
only a single average was low and in those with no 
low averages. However, 30-day mortality was dou-
bled when 2 were low averages, and tripled when all 
3 were low. A Triple Low of MAP, MAC, and BIS is 

by Lorri Lee, MD and Robert Caplan, MD

The APSF held their annual Board of Directors 
Workshop in New Orleans, LA, on the topic of cere-
bral perfusion pressure (CPP) in the beach chair posi-
tion. This conference followed a series of articles over 
the last year in the APSF Newsletter describing several 
cases of severe brain and spinal cord injury following 
the use of deliberate hypotension in the beach chair 
position for shoulder surgery. Dr. Robert K. Stoelting, 
president of the APSF, opened the workshop by intro-
ducing the APSF’s position statement: “The APSF 
believes that reports of global ischemic brain damage 
following surgical procedures in the semi-sitting 
(“beach chair”) position may reflect unrecognized 
cerebral hypoperfusion. Patient safety may benefit 
from a discussion of acceptable cerebral perfusion 
pressures and methods to monitor the adequacy of 
cerebral blood flow.” He noted the 4 goals of the 
workshop were “to understand how experts currently 
identify 1) the lower limit of acceptable blood pres-
sure during anesthesia, 2) the effects of patient posi-
tion on the lower limit of acceptable blood pressure, 
3) patients who are appropriate candidates for delib-
erate hypotension and/or beach chair position, and 4) 
how we can improve safety in the presence of deliber-
ate hypotension and/or the beach chair position.”

Dr. Robert C. Caplan, member of the APSF 
Executive Committee and of the ASA Closed Claims 
Group, and staff anesthesiologist at Virginia Mason 
Hospital in Seattle, WA, moderated the workshop 
which included a list of speakers nationally and inter-
nationally recognized for their expertise in neuroan-
esthesia, outcomes research, and research on the use 

thus an ominous predictor of postoperative mortality. 
Dr. Sessler described additional preliminary and 
unadjusted data demonstrating that 20 or more min-
utes of a Triple Low was associated with prolonged 
hospitalization and a 3-fold increase in mortality. The 
team also found that mortality was no higher than 
normal when patients were given a vasopressor 
within 5 minutes of entering a Triple Low. Dr. Sessler 
cautioned that these results are based on retrospective 
data and preliminary analyses, and that prospective 
study would be required to validate these findings. 
The study was supported by Aspect Medical and 
some coinvestigators are Aspect employees. 

Dr. Nigel E. Sharrock, staff anesthesiologist from 
the Hospital for Special Surgery in New York, 
reviewed his experience with the use of deliberate 
hypotension in elderly patients undergoing 

APSF Workshop: Cerebral Perfusion Experts 
Share Views on Management of  Head-Up Cases

Dr. Stoelting convenes Board of Directors Workshop.
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of deliberate hypotension. Dr. David Cullen, previous 
chair in the Department of Anesthesiology at Tufts 
Medical Center, reviewed his case series of 4 patients 
who developed severe and permanent brain or spinal 
cord infarcts after having anesthesia with deliberate 
hypotension in the beach chair position. He reported 
that he was aware of an additional 11 cases in which 
patients suffered severe brain damage under similar 
circumstances. Dr. Cullen believes that anesthesia care 
providers need to maintain blood pressure at or near 
baseline levels in the sitting position. He provided the 
following recommendations to avoid hypotension in 
the sitting position: 1) titration of anesthetics to avoid 
excessive depth of anesthesia; 2) minimizing sudden 
changes in position; 3) administration of intravenous 
fluids to offset the effects of NPO status and the sitting 
position on venous return; 4) use of vaspressors to 
maintain blood pressure, as needed; and 5) correction 
of blood pressure for the difference in height between 
the site of measurement and the brain (1 cm height = 
0.77 mmHg or 1 mmHg = 1.25 cm height) . 

Dr. Daniel I. Sessler, chair of the Department of 
Outcomes Research at the Cleveland Clinic presented 
preliminary data from a retrospective study of 24,000 
patients undergoing volatile anesthesia with 
Bispectral Index (BIS) monitoring. Dr. Sessler’s group 
examined combinations of mean arterial pressure ≤75 
mmHg, BIS <45, and minimum alveolar concentra-
tion (MAC) <0.7 (each averaged over case duration). 
Thirty-day mortality was similar in patients in whom 
only a single average was low and in those with no 
low averages. However, 30-day mortality was dou-
bled when 2 were low averages, and tripled when all 
3 were low. A Triple Low of MAP, MAC, and BIS is 

by Lorri Lee, MD and Robert Caplan, MD

The APSF held their annual Board of Directors 
Workshop in New Orleans, LA, on the topic of cere-
bral perfusion pressure (CPP) in the beach chair posi-
tion. This conference followed a series of articles over 
the last year in the APSF Newsletter describing several 
cases of severe brain and spinal cord injury following 
the use of deliberate hypotension in the beach chair 
position for shoulder surgery. Dr. Robert K. Stoelting, 
president of the APSF, opened the workshop by intro-
ducing the APSF’s position statement: “The APSF 
believes that reports of global ischemic brain damage 
following surgical procedures in the semi-sitting 
(“beach chair”) position may reflect unrecognized 
cerebral hypoperfusion. Patient safety may benefit 
from a discussion of acceptable cerebral perfusion 
pressures and methods to monitor the adequacy of 
cerebral blood flow.” He noted the 4 goals of the 
workshop were “to understand how experts currently 
identify 1) the lower limit of acceptable blood pres-
sure during anesthesia, 2) the effects of patient posi-
tion on the lower limit of acceptable blood pressure, 
3) patients who are appropriate candidates for delib-
erate hypotension and/or beach chair position, and 4) 
how we can improve safety in the presence of deliber-
ate hypotension and/or the beach chair position.”

Dr. Robert C. Caplan, member of the APSF 
Executive Committee and of the ASA Closed Claims 
Group, and staff anesthesiologist at Virginia Mason 
Hospital in Seattle, WA, moderated the workshop 
which included a list of speakers nationally and inter-
nationally recognized for their expertise in neuroan-
esthesia, outcomes research, and research on the use 

thus an ominous predictor of postoperative mortality. 
Dr. Sessler described additional preliminary and 
unadjusted data demonstrating that 20 or more min-
utes of a Triple Low was associated with prolonged 
hospitalization and a 3-fold increase in mortality. The 
team also found that mortality was no higher than 
normal when patients were given a vasopressor 
within 5 minutes of entering a Triple Low. Dr. Sessler 
cautioned that these results are based on retrospective 
data and preliminary analyses, and that prospective 
study would be required to validate these findings. 
The study was supported by Aspect Medical and 
some coinvestigators are Aspect employees. 

Dr. Nigel E. Sharrock, staff anesthesiologist from 
the Hospital for Special Surgery in New York, 
reviewed his experience with the use of deliberate 
hypotension in elderly patients undergoing 
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of deliberate hypotension. Dr. David Cullen, previous 
chair in the Department of Anesthesiology at Tufts 
Medical Center, reviewed his case series of 4 patients 
who developed severe and permanent brain or spinal 
cord infarcts after having anesthesia with deliberate 
hypotension in the beach chair position. He reported 
that he was aware of an additional 11 cases in which 
patients suffered severe brain damage under similar 
circumstances. Dr. Cullen believes that anesthesia care 
providers need to maintain blood pressure at or near 
baseline levels in the sitting position. He provided the 
following recommendations to avoid hypotension in 
the sitting position: 1) titration of anesthetics to avoid 
excessive depth of anesthesia; 2) minimizing sudden 
changes in position; 3) administration of intravenous 
fluids to offset the effects of NPO status and the sitting 
position on venous return; 4) use of vaspressors to 
maintain blood pressure, as needed; and 5) correction 
of blood pressure for the difference in height between 
the site of measurement and the brain (1 cm height = 
0.77 mmHg or 1 mmHg = 1.25 cm height) . 

Dr. Daniel I. Sessler, chair of the Department of 
Outcomes Research at the Cleveland Clinic presented 
preliminary data from a retrospective study of 24,000 
patients undergoing volatile anesthesia with 
Bispectral Index (BIS) monitoring. Dr. Sessler’s group 
examined combinations of mean arterial pressure ≤75 
mmHg, BIS <45, and minimum alveolar concentra-
tion (MAC) <0.7 (each averaged over case duration). 
Thirty-day mortality was similar in patients in whom 
only a single average was low and in those with no 
low averages. However, 30-day mortality was dou-
bled when 2 were low averages, and tripled when all 
3 were low. A Triple Low of MAP, MAC, and BIS is 

by Lorri Lee, MD and Robert Caplan, MD

The APSF held their annual Board of Directors 
Workshop in New Orleans, LA, on the topic of cere-
bral perfusion pressure (CPP) in the beach chair posi-
tion. This conference followed a series of articles over 
the last year in the APSF Newsletter describing several 
cases of severe brain and spinal cord injury following 
the use of deliberate hypotension in the beach chair 
position for shoulder surgery. Dr. Robert K. Stoelting, 
president of the APSF, opened the workshop by intro-
ducing the APSF’s position statement: “The APSF 
believes that reports of global ischemic brain damage 
following surgical procedures in the semi-sitting 
(“beach chair”) position may reflect unrecognized 
cerebral hypoperfusion. Patient safety may benefit 
from a discussion of acceptable cerebral perfusion 
pressures and methods to monitor the adequacy of 
cerebral blood flow.” He noted the 4 goals of the 
workshop were “to understand how experts currently 
identify 1) the lower limit of acceptable blood pres-
sure during anesthesia, 2) the effects of patient posi-
tion on the lower limit of acceptable blood pressure, 
3) patients who are appropriate candidates for delib-
erate hypotension and/or beach chair position, and 4) 
how we can improve safety in the presence of deliber-
ate hypotension and/or the beach chair position.”

Dr. Robert C. Caplan, member of the APSF 
Executive Committee and of the ASA Closed Claims 
Group, and staff anesthesiologist at Virginia Mason 
Hospital in Seattle, WA, moderated the workshop 
which included a list of speakers nationally and inter-
nationally recognized for their expertise in neuroan-
esthesia, outcomes research, and research on the use 

thus an ominous predictor of postoperative mortality. 
Dr. Sessler described additional preliminary and 
unadjusted data demonstrating that 20 or more min-
utes of a Triple Low was associated with prolonged 
hospitalization and a 3-fold increase in mortality. The 
team also found that mortality was no higher than 
normal when patients were given a vasopressor 
within 5 minutes of entering a Triple Low. Dr. Sessler 
cautioned that these results are based on retrospective 
data and preliminary analyses, and that prospective 
study would be required to validate these findings. 
The study was supported by Aspect Medical and 
some coinvestigators are Aspect employees. 

Dr. Nigel E. Sharrock, staff anesthesiologist from 
the Hospital for Special Surgery in New York, 
reviewed his experience with the use of deliberate 
hypotension in elderly patients undergoing 
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Cerebral Oxygen Desaturation Events Assessed by
Near-Infrared Spectroscopy During Shoulder Arthroscopy
in the Beach Chair and Lateral Decubitus Positions
Glenn S. Murphy, MD,* Joseph W. Szokol, MD,* Jesse H. Marymont, MD,* Steven B. Greenberg, MD,*
Michael J. Avram, PhD,† Jeffery S. Vender, MD,* Jessica Vaughn, BA,* and Margarita Nisman, BA*

BACKGROUND: Patients undergoing shoulder surgery in the beach chair position (BCP) may be
at risk for adverse neurologic events due to cerebral ischemia. In this investigation, we sought
to determine the incidence of cerebral desaturation events (CDEs) during shoulder arthroscopy
in the BCP or lateral decubitus position (LDP).
METHODS: Data were collected on 124 patients undergoing elective shoulder arthroscopy in the
BCP (61 subjects) or LDP (63 subjects). Anesthetic management was standardized in all
patients. Regional cerebral tissue oxygen saturation (SctO2) was quantified using near-infrared
spectroscopy. Baseline heart rate, mean arterial blood pressure, arterial oxygen saturation, and
SctO2 were measured before patient positioning and then every 3 minutes for the duration of the
surgical procedure. SctO2 values below a critical threshold (!20% decrease from baseline or
absolute value "55% for !15 seconds) were defined as a CDE and treated using a
predetermined protocol. The number of CDEs and types of intervention used to treat low SctO2
values were recorded. The association between intraoperative CDEs and impaired postoperative
recovery was also assessed.
RESULTS: Anesthetic management was similar in the BCP and LDP groups, with the exception
of more interscalene blocks in the LDP group. Intraoperative hemodynamic variables did not
differ between groups. SctO2 values were lower in the BCP group throughout the intraoperative
period (P " 0.0001). The incidence of CDEs was higher in the BCP group (80.3% vs 0% LDP
group), as was the median number of CDEs per subject (4, range 0–38 vs 0, range 0–0 LDP
group, all P " 0.0001). Among all study patients without interscalene blocks, a higher incidence
of nausea (50.0% vs 6.7%, P # 0.0001) and vomiting (27.3% vs 3.3%, P # 0.011) was observed
in subjects with intraoperative CDEs compared with subjects without CDEs.
CONCLUSIONS: Shoulder surgery in the BCP is associated with significant reductions in cerebral
oxygenation compared with values obtained in the LDP. (Anesth Analg 2010;111:496–505)

The beach chair position (BCP) has been used for
shoulder arthroscopic procedures since the early
1980s. The advantages of the conventional BCP

(45°–90° above the horizontal plane) include lack of bra-
chial plexus strain, a reduced risk of direct neurovascular
trauma compared with the lateral decubitus approach,
excellent intraarticular visualization, and ease of conver-
sion to an open approach if needed.1,2 In the United States,
approximately two-thirds of arthroscopic and open shoul-
der procedures are performed with the patient in the sitting

position.3 Although the safety of orthopedic surgery in this
position has been well established,4 rare catastrophic neu-
rologic events have been reported. Pohl and Cullen5 re-
ported 4 cases of ischemic brain and spinal cord injury
occurring after surgery in the BCP. In an additional report,
visual loss and ophthalmoplegia were described after
shoulder surgery in a sitting position.6 Eight intraoperative
cerebrovascular events were reported in a survey of the
American Shoulder and Elbow Surgeons Society; all events
occurred during surgery in the BCP.3

The etiology of central nervous system injury after shoul-
der surgery in the BCP has not been established definitively.
Several authors have hypothesized that cerebral ischemia
may occur when anesthetized patients are placed in a 45° to
90° sitting position.5,7 In awake volunteers, sympathetic ner-
vous system activation occurs when assuming a sitting posi-
tion; systemic vascular resistance and heart rate (HR) are
increased to maintain mean arterial blood pressure (MAP)
and cardiac output.8–10 In anesthetized patients, however, the
response of the autonomic nervous system is attenuated by
the vasodilating effects of IV and volatile anesthetics. Signifi-
cant decreases in cardiac output, MAP, and cerebral perfusion
pressure (CPP) have been observed in neurosurgical patients
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when position was changed from supine to sitting.11,12 Pro-
longed reductions in systemic pressures and CPP that exceed
critical thresholds (severity and time) may result in perma-
nent neurologic injury.

Near-infrared spectroscopy (NIRS) is a noninvasive tech-
nology that provides continuous monitoring of regional cere-
bral tissue oxygen saturation (Scto2). NIRS technology allows
for the immediate recognition and treatment of cerebral
desaturation events (CDEs) that would otherwise be undetec-
ted with conventional intraoperative monitoring. NIRS has
been used to assess the incidence of CDEs in patients under-
going procedures at high risk for adverse neurologic
outcomes (cardiac, vascular, liver transplant, and major ab-
dominal surgery).13 Although orthopedic patients in the BCP
are at risk for cerebral hypoperfusion, no previous clinical
trials have assessed changes in Scto2 in this patient popula-
tion. The aim of this prospective cohort study was to deter-
mine the incidence of CDEs in the BCP and compare this
cohort to subjects undergoing shoulder surgery in the lateral
decubitus position (LDP). In addition, the relationship be-
tween CDEs and early clinical recovery was examined.

METHODS
Patients and Anesthesia
This study was approved by the IRB of NorthShore Uni-
versity HealthSystem and written informed consent was
obtained from all subjects. Seventy consecutive patients
scheduled to undergo elective arthroscopic shoulder sur-
gery under general anesthesia in the BCP were enrolled
(BCP group). During this same time period, 70 additional
consecutive patients presenting for the same surgical pro-
cedure in the right or left LDP were enrolled (LDP group).
Exclusion criteria included preexisting cerebrovascular
disease or orthostatic hypotension; age !18 years; ASA
physical status IV or V; or anticipated procedure under
interscalene blockade with monitored anesthesia care as the
primary anesthetic. Allocation into the BCP and LDP
groups was determined by surgical preference, and use of
interscalene blocks in each group was also primarily influ-
enced by surgeon preference. Anesthesia care was admin-
istered to the BCP and LDP groups by the same group of
providers (15 anesthesiologists).

Cerebral oximetry values may be affected by depth of
anesthesia, type of anesthetic administered, arterial carbon
dioxide concentrations, inspired oxygen content, and sys-
temic blood pressure management.14–16 Therefore, anes-
thetic management was carefully standardized in subjects
in both cohorts. Patients received midazolam 2 mg IV
before being transported to the operating room. Intraopera-
tive monitoring consisted of electrocardiography, auto-
matic arterial blood pressure assessment using a cuff
placed on the nonoperative upper extremity, pulse oxim-
etry, capnography, bispectral index monitoring (BIS!
system; Aspect Medical Systems, Newton, MA), and mea-
surement of core temperature via an esophageal probe.
Anesthesia was induced with propofol 2.0 to 2.5 mg/kg,
fentanyl 100 !g, lidocaine 50 mg, and rocuronium 0.6 to 0.8
mg/kg. Maintenance of anesthesia consisted of sevoflurane
1% to 3% in an oxygen/air mixture (fraction of inspired
oxygen [Fio2] of 50%). Sevoflurane concentrations were
adjusted to maintain MAP within 20% of baseline values and

BIS values between 40 and 60. In addition, patients received 1
to 2 !g " kg"1 " h"1 fentanyl throughout the surgical proce-
dure. If required, rocuronium (10-mg boluses) was adminis-
tered to maintain a train-of-four count of 2 to 3. Ventilation
was controlled to maintain end-tidal carbon dioxide (Etco2)
between 30 and 34 mm Hg. Lower body forced-air warming
devices (Bair Hugger!; Augustine Medical, Minneapolis,
MN) were used to maintain core temperature above
35.0°C. Ondansetron 4 mg was given to all patients
within 30 minutes of tracheal extubation. Neostigmine 50
!g/kg and glycopyrrolate 10 !g/kg were administered
at a train-of-four count of at least 2 to reverse neuromus-
cular blockade at the conclusion of surgical closure.

Clinicians were instructed to maintain MAP within 20% of
baseline values throughout the intraoperative period, as per
standard practice involving surgery in the sitting position at
our institution. Baseline MAP was determined in the sedated
patient in the supine position. MAPs below this threshold
were treated with phenylephrine (80 !g), ephedrine (5 mg), or
a fluid bolus, as required clinically. Patients undergoing
surgery in the LDP were treated with the same MAP protocol.

Cerebral Oxygenation Measurements and
Perioperative Data Collection
Cerebral oxygen saturation was measured continuously
using the FORE-SIGHT system (CAS Medical Systems, Inc.,
Branford, CT). The FORE-SIGHT device is a continuous
wave, spatially resolved cerebral oximeter that uses 4
discrete wavelengths of laser light to calculate the absolute
value of Scto2. Four wavelengths of light allow for more
accurate determination of oxyhemoglobin and deoxyhemo-
globin levels by compensating for wavelength-dependent
scattering losses and reducing interference from other
background light absorbers.17,18 Sensors were applied bi-
laterally to each frontotemporal area after cleansing the
skin area with alcohol (the medial margin at the midline of
the forehead [avoiding the temporalis muscle] and the
lower margin 1–1.5 cm above the eyebrow). The cerebral
oximetry and BIS probes were secured in the preoperative
holding area and covered with an opaque wrapping to
prevent light interference.

On arrival to the operating room, MAP and HR were
recorded. Simultaneously, arterial oxygen saturation (Spo2)
and Scto2 values were measured in patients before induc-
tion of anesthesia while breathing a 50% air/oxygen mix-
ture. These variables (Scto2, MAP, HR, and Spo2) were then
manually recorded by a research assistant every 3 minutes
for the duration of the operative procedure. Intraoperative
Scto2 data were also collected continuously on a USB
device. Baseline Scto2 was the mean value observed over a
1-minute period after induction of anesthesia during a
stable interval (MAP within 20% baseline values, BIS
40–60, Etco2 30–34 mm Hg, and Fio2 50%) approximately
10 minutes after induction of anesthesia. Baseline measures
for MAP, HR, Spo2, and BIS used in the analysis were also
recorded at this time. Five minutes after these initial data
were collected, the patient was positioned for the surgical
procedure. In the BCP group, the head was secured in a
neutral position to ensure that cerebral venous drainage
was not impaired. The back of the operating room table
was then raised to 80° to 90° above the horizontal plane. In
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the LDP group, patients were placed in the LDP with the
head supported with towels to maintained alignment with
the thoracolumbar spine. The NIRS monitor was positioned
so that Scto2 data could be viewed by the research assistant
but not by clinicians providing intraoperative care. If any
Scto2 values below a previously defined critical threshold
(!20% decrease from baseline or absolute value "55% for
!15 seconds) were observed by the research assistant,
clinicians were instructed to treat the CDE. For this investiga-
tion, a prioritized intraoperative management protocol was
used to increase Scto2 values. Interventions to treat CDEs
included the following: (1) increasing MAP with phenyleph-
rine (80 #g), ephedrine (5 mg), or a fluid bolus, as clinically
indicated; (2) increasing Etco2 by decreasing ventilation; or (3)
increasing Fio2 concentrations. The number and type of
interventions used to treat low Scto2 values were recorded by
the research assistant. In addition, interventions used by
clinicians to treat MAP reductions unrelated to Scto2 were
noted. All data were collected until tracheal extubation.

After discontinuation of sevoflurane at the end of the
surgical procedure, the time required to achieve the following
end points were recorded: open eyes on verbal command;
squeeze hand on verbal command; tracheal extubation; and
admission to postanesthesia care unit (PACU). The Aldrete
score was recorded on arrival to the PACU and then assessed
every 15 minutes until discharge. Hydromorphone was used
for postoperative analgesia and titrated to achieve pain scores
of "2 on a scale of 0 to 10 (0 # no pain, 10 # worst pain
imaginable). Any episodes of nausea and vomiting during the
PACU admission were noted, and the severity of events
graded on a 3-point scale (1 # mild, 1 episode; 2 # moderate,
2–3 episodes; and 3 # severe, !3 episodes). The need for
rescue antiemetics was also assessed. The times needed to
meet discharge criteria and achieve actual discharge were
noted. All recovery data were collected by PACU nurses
blinded to intraoperative cerebral oximetry information.
However, PACU nurses and research assistants were not
blinded to patient positioning.

Patient demographic data that were recorded included
age, sex, height, weight, preoperative hemoglobin, ASA
physical status, and preexisting medical conditions. Details
of the intraoperative anesthetic management included du-
ration of anesthesia, administration of crystalloids, doses of
opioids and rocuronium provided intraoperatively, and
core temperatures at the conclusion of the anesthetic.

Statistical Analysis
Sample size was determined based on the primary outcome
variable, the incidence of CDEs. Scto2 values below a
predetermined critical threshold (!20% decrease from
baseline or absolute value "55% for !15 seconds) were
used to define these events. In a pilot study of patients
undergoing surgery in the BCP, CDEs were observed in
50% of the subjects. We hypothesized that we would
observe 50% fewer CDEs in patients having surgery in the
LDP. Group sample sizes of 66 in each group achieve 80%
power to detect a difference of 0.25 between the null
hypothesis that both group proportions are 0.50 and the
alternative hypothesis that the proportion of the LDP group
is 0.25 with a 2-tailed significance level ($) of 0.05 using %2

or Fisher exact test with continuity correction.

Discrete data were compared using Fisher exact test
(NCSS, Kaysville, UT). The 95% confidence intervals for the
differences in percentages were calculated using the Far-
rington and Manning score. Ordinal data and continuous
data that were not normally distributed are presented as
median and range. These data were compared between
groups using the Mann-Whitney U test and within groups
using Wilcoxon signed rank test (StatsDirect, Cheshire,
UK). The median differences and their 95% confidence
intervals were calculated.

Normally distributed continuous data are presented as
mean and SD. These data were compared using the un-
paired t test (NCSS), except for the hemodynamic data.
Mean differences and their 95% confidence intervals were
calculated. Hemodynamic, Spo2, BIS, and Scto2 data were
compared within and between groups using a 2-factor
analysis of variance with repeated measures on 1 factor,
with the Holm-Sidak method for pairwise multiple com-
parisons in post hoc analysis (SigmaPlot 11.0; Systat Soft-
ware, Inc., San Jose, CA).

Multiple logistic regression analysis (StatsDirect) was
performed to determine predictors of nausea. Variables
included in the initial analysis were those identified in
univariate analyses as having a value of P " 0.10. In the
final analyses, variables with high P values were removed
from the model 1 at a time and were excluded from the
final model if their removal either did not diminish the fit
of the model or actually improved it, as determined by the
correct prediction of both positive and reference responses.
The sensitivity and specificity of the logistic model were
calculated from the model-predicted reference and model-
predicted positive responses (using the default threshold
probability for positive classification of 0.5) and the actual
reference and actual positive responses. No external vali-
dation was attempted.

The criterion for rejection of the null hypothesis estab-
lished a priori was a 2-tailed P " 0.05.

RESULTS
One hundred forty patients were enrolled in this clinical trial.
Sixteen subjects were excluded from final analysis because of
the following factors: changes in patient positioning (45°
beach chair) (4 in BCP group); protocol violations (3 in BCP
group and 3 in LDP group); incomplete data collection (2 in
BCP group and 3 in LDP group); and procedure canceled
before entering the operating room (1 in LDP group). As a
result, data analysis was performed on 61 patients in the BCP
group and 63 patients in the LDP group. The BCP and LDP
groups were similar in terms of demographic characteristics.
There were no differences between groups in age, weight,
height, sex, preoperative hemoglobin values, preexisting
medical conditions, or ASA physical status (Table 1). Intraop-
erative management data are presented in Table 2. The
duration of anesthesia was longer in the LDP group. A higher
percentage of patients in the LDP group received interscalene
blocks (71.4%) compared with the BCP group (8.2%, P "
0.0001) and a lower dose of intraoperative fentanyl was used
in the LDP group (P " 0.0001).

Hemodynamic data are presented in Figures 1 and 2.
The ANOVA statistics revealed that whereas HR and MAP
decreased in both the LDP and BCP groups after induction
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Cerebral Oxygen Desaturation Events Assessed by
Near-Infrared Spectroscopy During Shoulder Arthroscopy
in the Beach Chair and Lateral Decubitus Positions
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Michael J. Avram, PhD,† Jeffery S. Vender, MD,* Jessica Vaughn, BA,* and Margarita Nisman, BA*

BACKGROUND: Patients undergoing shoulder surgery in the beach chair position (BCP) may be
at risk for adverse neurologic events due to cerebral ischemia. In this investigation, we sought
to determine the incidence of cerebral desaturation events (CDEs) during shoulder arthroscopy
in the BCP or lateral decubitus position (LDP).
METHODS: Data were collected on 124 patients undergoing elective shoulder arthroscopy in the
BCP (61 subjects) or LDP (63 subjects). Anesthetic management was standardized in all
patients. Regional cerebral tissue oxygen saturation (SctO2) was quantified using near-infrared
spectroscopy. Baseline heart rate, mean arterial blood pressure, arterial oxygen saturation, and
SctO2 were measured before patient positioning and then every 3 minutes for the duration of the
surgical procedure. SctO2 values below a critical threshold (!20% decrease from baseline or
absolute value "55% for !15 seconds) were defined as a CDE and treated using a
predetermined protocol. The number of CDEs and types of intervention used to treat low SctO2
values were recorded. The association between intraoperative CDEs and impaired postoperative
recovery was also assessed.
RESULTS: Anesthetic management was similar in the BCP and LDP groups, with the exception
of more interscalene blocks in the LDP group. Intraoperative hemodynamic variables did not
differ between groups. SctO2 values were lower in the BCP group throughout the intraoperative
period (P " 0.0001). The incidence of CDEs was higher in the BCP group (80.3% vs 0% LDP
group), as was the median number of CDEs per subject (4, range 0–38 vs 0, range 0–0 LDP
group, all P " 0.0001). Among all study patients without interscalene blocks, a higher incidence
of nausea (50.0% vs 6.7%, P # 0.0001) and vomiting (27.3% vs 3.3%, P # 0.011) was observed
in subjects with intraoperative CDEs compared with subjects without CDEs.
CONCLUSIONS: Shoulder surgery in the BCP is associated with significant reductions in cerebral
oxygenation compared with values obtained in the LDP. (Anesth Analg 2010;111:496–505)

The beach chair position (BCP) has been used for
shoulder arthroscopic procedures since the early
1980s. The advantages of the conventional BCP

(45°–90° above the horizontal plane) include lack of bra-
chial plexus strain, a reduced risk of direct neurovascular
trauma compared with the lateral decubitus approach,
excellent intraarticular visualization, and ease of conver-
sion to an open approach if needed.1,2 In the United States,
approximately two-thirds of arthroscopic and open shoul-
der procedures are performed with the patient in the sitting

position.3 Although the safety of orthopedic surgery in this
position has been well established,4 rare catastrophic neu-
rologic events have been reported. Pohl and Cullen5 re-
ported 4 cases of ischemic brain and spinal cord injury
occurring after surgery in the BCP. In an additional report,
visual loss and ophthalmoplegia were described after
shoulder surgery in a sitting position.6 Eight intraoperative
cerebrovascular events were reported in a survey of the
American Shoulder and Elbow Surgeons Society; all events
occurred during surgery in the BCP.3

The etiology of central nervous system injury after shoul-
der surgery in the BCP has not been established definitively.
Several authors have hypothesized that cerebral ischemia
may occur when anesthetized patients are placed in a 45° to
90° sitting position.5,7 In awake volunteers, sympathetic ner-
vous system activation occurs when assuming a sitting posi-
tion; systemic vascular resistance and heart rate (HR) are
increased to maintain mean arterial blood pressure (MAP)
and cardiac output.8–10 In anesthetized patients, however, the
response of the autonomic nervous system is attenuated by
the vasodilating effects of IV and volatile anesthetics. Signifi-
cant decreases in cardiac output, MAP, and cerebral perfusion
pressure (CPP) have been observed in neurosurgical patients
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when position was changed from supine to sitting.11,12 Pro-
longed reductions in systemic pressures and CPP that exceed
critical thresholds (severity and time) may result in perma-
nent neurologic injury.

Near-infrared spectroscopy (NIRS) is a noninvasive tech-
nology that provides continuous monitoring of regional cere-
bral tissue oxygen saturation (Scto2). NIRS technology allows
for the immediate recognition and treatment of cerebral
desaturation events (CDEs) that would otherwise be undetec-
ted with conventional intraoperative monitoring. NIRS has
been used to assess the incidence of CDEs in patients under-
going procedures at high risk for adverse neurologic
outcomes (cardiac, vascular, liver transplant, and major ab-
dominal surgery).13 Although orthopedic patients in the BCP
are at risk for cerebral hypoperfusion, no previous clinical
trials have assessed changes in Scto2 in this patient popula-
tion. The aim of this prospective cohort study was to deter-
mine the incidence of CDEs in the BCP and compare this
cohort to subjects undergoing shoulder surgery in the lateral
decubitus position (LDP). In addition, the relationship be-
tween CDEs and early clinical recovery was examined.

METHODS
Patients and Anesthesia
This study was approved by the IRB of NorthShore Uni-
versity HealthSystem and written informed consent was
obtained from all subjects. Seventy consecutive patients
scheduled to undergo elective arthroscopic shoulder sur-
gery under general anesthesia in the BCP were enrolled
(BCP group). During this same time period, 70 additional
consecutive patients presenting for the same surgical pro-
cedure in the right or left LDP were enrolled (LDP group).
Exclusion criteria included preexisting cerebrovascular
disease or orthostatic hypotension; age !18 years; ASA
physical status IV or V; or anticipated procedure under
interscalene blockade with monitored anesthesia care as the
primary anesthetic. Allocation into the BCP and LDP
groups was determined by surgical preference, and use of
interscalene blocks in each group was also primarily influ-
enced by surgeon preference. Anesthesia care was admin-
istered to the BCP and LDP groups by the same group of
providers (15 anesthesiologists).

Cerebral oximetry values may be affected by depth of
anesthesia, type of anesthetic administered, arterial carbon
dioxide concentrations, inspired oxygen content, and sys-
temic blood pressure management.14–16 Therefore, anes-
thetic management was carefully standardized in subjects
in both cohorts. Patients received midazolam 2 mg IV
before being transported to the operating room. Intraopera-
tive monitoring consisted of electrocardiography, auto-
matic arterial blood pressure assessment using a cuff
placed on the nonoperative upper extremity, pulse oxim-
etry, capnography, bispectral index monitoring (BIS!
system; Aspect Medical Systems, Newton, MA), and mea-
surement of core temperature via an esophageal probe.
Anesthesia was induced with propofol 2.0 to 2.5 mg/kg,
fentanyl 100 !g, lidocaine 50 mg, and rocuronium 0.6 to 0.8
mg/kg. Maintenance of anesthesia consisted of sevoflurane
1% to 3% in an oxygen/air mixture (fraction of inspired
oxygen [Fio2] of 50%). Sevoflurane concentrations were
adjusted to maintain MAP within 20% of baseline values and

BIS values between 40 and 60. In addition, patients received 1
to 2 !g " kg"1 " h"1 fentanyl throughout the surgical proce-
dure. If required, rocuronium (10-mg boluses) was adminis-
tered to maintain a train-of-four count of 2 to 3. Ventilation
was controlled to maintain end-tidal carbon dioxide (Etco2)
between 30 and 34 mm Hg. Lower body forced-air warming
devices (Bair Hugger!; Augustine Medical, Minneapolis,
MN) were used to maintain core temperature above
35.0°C. Ondansetron 4 mg was given to all patients
within 30 minutes of tracheal extubation. Neostigmine 50
!g/kg and glycopyrrolate 10 !g/kg were administered
at a train-of-four count of at least 2 to reverse neuromus-
cular blockade at the conclusion of surgical closure.

Clinicians were instructed to maintain MAP within 20% of
baseline values throughout the intraoperative period, as per
standard practice involving surgery in the sitting position at
our institution. Baseline MAP was determined in the sedated
patient in the supine position. MAPs below this threshold
were treated with phenylephrine (80 !g), ephedrine (5 mg), or
a fluid bolus, as required clinically. Patients undergoing
surgery in the LDP were treated with the same MAP protocol.

Cerebral Oxygenation Measurements and
Perioperative Data Collection
Cerebral oxygen saturation was measured continuously
using the FORE-SIGHT system (CAS Medical Systems, Inc.,
Branford, CT). The FORE-SIGHT device is a continuous
wave, spatially resolved cerebral oximeter that uses 4
discrete wavelengths of laser light to calculate the absolute
value of Scto2. Four wavelengths of light allow for more
accurate determination of oxyhemoglobin and deoxyhemo-
globin levels by compensating for wavelength-dependent
scattering losses and reducing interference from other
background light absorbers.17,18 Sensors were applied bi-
laterally to each frontotemporal area after cleansing the
skin area with alcohol (the medial margin at the midline of
the forehead [avoiding the temporalis muscle] and the
lower margin 1–1.5 cm above the eyebrow). The cerebral
oximetry and BIS probes were secured in the preoperative
holding area and covered with an opaque wrapping to
prevent light interference.

On arrival to the operating room, MAP and HR were
recorded. Simultaneously, arterial oxygen saturation (Spo2)
and Scto2 values were measured in patients before induc-
tion of anesthesia while breathing a 50% air/oxygen mix-
ture. These variables (Scto2, MAP, HR, and Spo2) were then
manually recorded by a research assistant every 3 minutes
for the duration of the operative procedure. Intraoperative
Scto2 data were also collected continuously on a USB
device. Baseline Scto2 was the mean value observed over a
1-minute period after induction of anesthesia during a
stable interval (MAP within 20% baseline values, BIS
40–60, Etco2 30–34 mm Hg, and Fio2 50%) approximately
10 minutes after induction of anesthesia. Baseline measures
for MAP, HR, Spo2, and BIS used in the analysis were also
recorded at this time. Five minutes after these initial data
were collected, the patient was positioned for the surgical
procedure. In the BCP group, the head was secured in a
neutral position to ensure that cerebral venous drainage
was not impaired. The back of the operating room table
was then raised to 80° to 90° above the horizontal plane. In
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the LDP group, patients were placed in the LDP with the
head supported with towels to maintained alignment with
the thoracolumbar spine. The NIRS monitor was positioned
so that Scto2 data could be viewed by the research assistant
but not by clinicians providing intraoperative care. If any
Scto2 values below a previously defined critical threshold
(!20% decrease from baseline or absolute value "55% for
!15 seconds) were observed by the research assistant,
clinicians were instructed to treat the CDE. For this investiga-
tion, a prioritized intraoperative management protocol was
used to increase Scto2 values. Interventions to treat CDEs
included the following: (1) increasing MAP with phenyleph-
rine (80 #g), ephedrine (5 mg), or a fluid bolus, as clinically
indicated; (2) increasing Etco2 by decreasing ventilation; or (3)
increasing Fio2 concentrations. The number and type of
interventions used to treat low Scto2 values were recorded by
the research assistant. In addition, interventions used by
clinicians to treat MAP reductions unrelated to Scto2 were
noted. All data were collected until tracheal extubation.

After discontinuation of sevoflurane at the end of the
surgical procedure, the time required to achieve the following
end points were recorded: open eyes on verbal command;
squeeze hand on verbal command; tracheal extubation; and
admission to postanesthesia care unit (PACU). The Aldrete
score was recorded on arrival to the PACU and then assessed
every 15 minutes until discharge. Hydromorphone was used
for postoperative analgesia and titrated to achieve pain scores
of "2 on a scale of 0 to 10 (0 # no pain, 10 # worst pain
imaginable). Any episodes of nausea and vomiting during the
PACU admission were noted, and the severity of events
graded on a 3-point scale (1 # mild, 1 episode; 2 # moderate,
2–3 episodes; and 3 # severe, !3 episodes). The need for
rescue antiemetics was also assessed. The times needed to
meet discharge criteria and achieve actual discharge were
noted. All recovery data were collected by PACU nurses
blinded to intraoperative cerebral oximetry information.
However, PACU nurses and research assistants were not
blinded to patient positioning.

Patient demographic data that were recorded included
age, sex, height, weight, preoperative hemoglobin, ASA
physical status, and preexisting medical conditions. Details
of the intraoperative anesthetic management included du-
ration of anesthesia, administration of crystalloids, doses of
opioids and rocuronium provided intraoperatively, and
core temperatures at the conclusion of the anesthetic.

Statistical Analysis
Sample size was determined based on the primary outcome
variable, the incidence of CDEs. Scto2 values below a
predetermined critical threshold (!20% decrease from
baseline or absolute value "55% for !15 seconds) were
used to define these events. In a pilot study of patients
undergoing surgery in the BCP, CDEs were observed in
50% of the subjects. We hypothesized that we would
observe 50% fewer CDEs in patients having surgery in the
LDP. Group sample sizes of 66 in each group achieve 80%
power to detect a difference of 0.25 between the null
hypothesis that both group proportions are 0.50 and the
alternative hypothesis that the proportion of the LDP group
is 0.25 with a 2-tailed significance level ($) of 0.05 using %2

or Fisher exact test with continuity correction.

Discrete data were compared using Fisher exact test
(NCSS, Kaysville, UT). The 95% confidence intervals for the
differences in percentages were calculated using the Far-
rington and Manning score. Ordinal data and continuous
data that were not normally distributed are presented as
median and range. These data were compared between
groups using the Mann-Whitney U test and within groups
using Wilcoxon signed rank test (StatsDirect, Cheshire,
UK). The median differences and their 95% confidence
intervals were calculated.

Normally distributed continuous data are presented as
mean and SD. These data were compared using the un-
paired t test (NCSS), except for the hemodynamic data.
Mean differences and their 95% confidence intervals were
calculated. Hemodynamic, Spo2, BIS, and Scto2 data were
compared within and between groups using a 2-factor
analysis of variance with repeated measures on 1 factor,
with the Holm-Sidak method for pairwise multiple com-
parisons in post hoc analysis (SigmaPlot 11.0; Systat Soft-
ware, Inc., San Jose, CA).

Multiple logistic regression analysis (StatsDirect) was
performed to determine predictors of nausea. Variables
included in the initial analysis were those identified in
univariate analyses as having a value of P " 0.10. In the
final analyses, variables with high P values were removed
from the model 1 at a time and were excluded from the
final model if their removal either did not diminish the fit
of the model or actually improved it, as determined by the
correct prediction of both positive and reference responses.
The sensitivity and specificity of the logistic model were
calculated from the model-predicted reference and model-
predicted positive responses (using the default threshold
probability for positive classification of 0.5) and the actual
reference and actual positive responses. No external vali-
dation was attempted.

The criterion for rejection of the null hypothesis estab-
lished a priori was a 2-tailed P " 0.05.

RESULTS
One hundred forty patients were enrolled in this clinical trial.
Sixteen subjects were excluded from final analysis because of
the following factors: changes in patient positioning (45°
beach chair) (4 in BCP group); protocol violations (3 in BCP
group and 3 in LDP group); incomplete data collection (2 in
BCP group and 3 in LDP group); and procedure canceled
before entering the operating room (1 in LDP group). As a
result, data analysis was performed on 61 patients in the BCP
group and 63 patients in the LDP group. The BCP and LDP
groups were similar in terms of demographic characteristics.
There were no differences between groups in age, weight,
height, sex, preoperative hemoglobin values, preexisting
medical conditions, or ASA physical status (Table 1). Intraop-
erative management data are presented in Table 2. The
duration of anesthesia was longer in the LDP group. A higher
percentage of patients in the LDP group received interscalene
blocks (71.4%) compared with the BCP group (8.2%, P "
0.0001) and a lower dose of intraoperative fentanyl was used
in the LDP group (P " 0.0001).

Hemodynamic data are presented in Figures 1 and 2.
The ANOVA statistics revealed that whereas HR and MAP
decreased in both the LDP and BCP groups after induction
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was not equally distributed between the BCP and LDP
groups and interscalene blocks can beneficially influence
recovery from anesthesia. Patient characteristics did not
differ between subjects with and without CDEs. Perioper-
ative management variables, including opioid dosing in the
operating room and PACU, also did not differ between
groups. A significantly higher incidence of nausea (50.0%
vs 6.7%, P ! 0.0001) and vomiting (27.3% vs 3.3%, P !
0.011) was observed in subjects with intraoperative CDEs
compared with subjects with no CDE. All other recovery
landmarks (with the exception of Aldrete scores on PACU
admission) did not differ between groups.

To determine whether confounding variables may be
contributing to the nausea, age, sex, smoking status, hemo-
globin concentration, operative position, fentanyl dose,
end-tidal sevoflurane concentration, and the occurrence of
cerebral desaturation were compared between patients
who had not had regional anesthesia and did not become
nauseated and patients who had not had regional anesthe-
sia but did become nauseated. Variables identified in the
univariate analyses as having a value of P " 0.10 and
included in the initial multiple logistic regression analysis
as predictors of nausea were hemoglobin concentration,
operative position, and the occurrence of cerebral desatu-
ration. The only variable included in the final multiple
logistic regression model as a predictor of nausea was the
occurrence of cerebral desaturation (logit P ! #2.639 $
2.639 % [0 ! no desaturation, 1 ! desaturation]; likelihood
ratio test statistic ! 17.56, df ! 1, P " 0.0001). The
sensitivity of the logistic model was 91.7%, whereas its
specificity was 56.0%.

DISCUSSION
Patients undergoing shoulder surgery in the BCP may be at
risk for cerebral hypoxia because of decreases in CPP. NIRS
technology, which provides information on the balance
between oxygen supply and demand in the frontal region
of the brain, has not been used previously to determine
changes in Scto2 in this patient population. Our results
indicate that CDEs, defined as a !20% decrease in Scto2

values from baseline measurements or an Scto2 value of
"55%, occurred frequently in patients having arthroscopic
surgery in the BCP. Despite the use of a protocol designed
to optimize CPP, CDEs were observed in 80.3% of subjects.
In contrast, no CDEs were noted in a similar cohort of
patients undergoing shoulder arthroscopy in the LDP. An
association between intraoperative CDEs and postopera-
tive nausea and vomiting was also observed.

Figure 5. Bispectral index (BIS) for the patients in the beach chair
position group and in the lateral decubitus position group. The data
are presented as mean & SD. There were no differences between
the groups at any time. The number of patients in the beach chair
position group increased from 57 at baseline to 59 at 6 minutes,
then decreased to 58 at 45 minutes after which it decreased
progressively over time to 49 at 1 hour and to 18 at 90 minutes,
whereas the number of patients in the lateral decubitus position
group decreased from 63 at baseline to 61 at 48 minutes and then
progressively over time to 54 at 1 hour and to 40 at 90 minutes.

Figure 6. Regional cerebral tissue oxygen saturation (SctO2) for the
patients in the beach chair position group and in the lateral
decubitus position group. The data are presented as mean & SD.
The solid horizontal line indicates the time during which the SctO2
values in the patients of the beach chair position group differed from
their baseline SctO2 values (3– 0 minutes, overall P " 0.05) whereas
the dotted horizontal line indicates the time during which the SctO2
values in the patients of the lateral decubitus position group differed
from their baseline SctO2 values (12– 0 minutes, overall P " 0.05).
The dashed horizontal line indicates the times during which the SctO2
values in the patients of the beach chair position group differed from
those in the lateral decubitus position group (3–90 minutes, overall
P " 0.05). The number of patients in the beach chair position group
decreased from 61 at baseline to 60 at 45 minutes and then
progressively over time to 51 at 1 hour and to 20 at 90 minutes,
whereas the number of patients in the lateral decubitus position
group decreased from 63 at baseline to 61 at 48 minutes and then
progressively over time to 54 at 1 hour and to 40 at 90 minutes.

Table 3. Primary Outcome Variables

Beach chair group Lateral group
Difference or median
difference (95% CI) P value

No. of patients 61 63 — —
Patients with cerebral desaturation events 49 (80.3%) 0 (0%) 80.3% (68.7%–88.4%) "0.0001
Interventions for SctO2 decreases 2 (0–11) 0 (0–0) 2 (2–3) "0.0001
Interventions for MAP decreases 1 (0–6) 0 (0–9) 0 (0–1) 0.008
Episodes SctO2 "55 0 (0–4) 0 (0–0) 0 (0–0) 0.003
Episodes !20% decrease SctO2 4 (0–38) 0 (0–0) 4 (2–5) "0.0001

CI ! confidence interval; SctO2 ! regional cerebral tissue oxygen saturation; MAP ! mean arterial blood pressure.
Data are number of patients (%) or median (range).
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was not equally distributed between the BCP and LDP
groups and interscalene blocks can beneficially influence
recovery from anesthesia. Patient characteristics did not
differ between subjects with and without CDEs. Perioper-
ative management variables, including opioid dosing in the
operating room and PACU, also did not differ between
groups. A significantly higher incidence of nausea (50.0%
vs 6.7%, P ! 0.0001) and vomiting (27.3% vs 3.3%, P !
0.011) was observed in subjects with intraoperative CDEs
compared with subjects with no CDE. All other recovery
landmarks (with the exception of Aldrete scores on PACU
admission) did not differ between groups.

To determine whether confounding variables may be
contributing to the nausea, age, sex, smoking status, hemo-
globin concentration, operative position, fentanyl dose,
end-tidal sevoflurane concentration, and the occurrence of
cerebral desaturation were compared between patients
who had not had regional anesthesia and did not become
nauseated and patients who had not had regional anesthe-
sia but did become nauseated. Variables identified in the
univariate analyses as having a value of P " 0.10 and
included in the initial multiple logistic regression analysis
as predictors of nausea were hemoglobin concentration,
operative position, and the occurrence of cerebral desatu-
ration. The only variable included in the final multiple
logistic regression model as a predictor of nausea was the
occurrence of cerebral desaturation (logit P ! #2.639 $
2.639 % [0 ! no desaturation, 1 ! desaturation]; likelihood
ratio test statistic ! 17.56, df ! 1, P " 0.0001). The
sensitivity of the logistic model was 91.7%, whereas its
specificity was 56.0%.

DISCUSSION
Patients undergoing shoulder surgery in the BCP may be at
risk for cerebral hypoxia because of decreases in CPP. NIRS
technology, which provides information on the balance
between oxygen supply and demand in the frontal region
of the brain, has not been used previously to determine
changes in Scto2 in this patient population. Our results
indicate that CDEs, defined as a !20% decrease in Scto2

values from baseline measurements or an Scto2 value of
"55%, occurred frequently in patients having arthroscopic
surgery in the BCP. Despite the use of a protocol designed
to optimize CPP, CDEs were observed in 80.3% of subjects.
In contrast, no CDEs were noted in a similar cohort of
patients undergoing shoulder arthroscopy in the LDP. An
association between intraoperative CDEs and postopera-
tive nausea and vomiting was also observed.

Figure 5. Bispectral index (BIS) for the patients in the beach chair
position group and in the lateral decubitus position group. The data
are presented as mean & SD. There were no differences between
the groups at any time. The number of patients in the beach chair
position group increased from 57 at baseline to 59 at 6 minutes,
then decreased to 58 at 45 minutes after which it decreased
progressively over time to 49 at 1 hour and to 18 at 90 minutes,
whereas the number of patients in the lateral decubitus position
group decreased from 63 at baseline to 61 at 48 minutes and then
progressively over time to 54 at 1 hour and to 40 at 90 minutes.

Figure 6. Regional cerebral tissue oxygen saturation (SctO2) for the
patients in the beach chair position group and in the lateral
decubitus position group. The data are presented as mean & SD.
The solid horizontal line indicates the time during which the SctO2
values in the patients of the beach chair position group differed from
their baseline SctO2 values (3– 0 minutes, overall P " 0.05) whereas
the dotted horizontal line indicates the time during which the SctO2
values in the patients of the lateral decubitus position group differed
from their baseline SctO2 values (12– 0 minutes, overall P " 0.05).
The dashed horizontal line indicates the times during which the SctO2
values in the patients of the beach chair position group differed from
those in the lateral decubitus position group (3–90 minutes, overall
P " 0.05). The number of patients in the beach chair position group
decreased from 61 at baseline to 60 at 45 minutes and then
progressively over time to 51 at 1 hour and to 20 at 90 minutes,
whereas the number of patients in the lateral decubitus position
group decreased from 63 at baseline to 61 at 48 minutes and then
progressively over time to 54 at 1 hour and to 40 at 90 minutes.

Table 3. Primary Outcome Variables

Beach chair group Lateral group
Difference or median
difference (95% CI) P value

No. of patients 61 63 — —
Patients with cerebral desaturation events 49 (80.3%) 0 (0%) 80.3% (68.7%–88.4%) "0.0001
Interventions for SctO2 decreases 2 (0–11) 0 (0–0) 2 (2–3) "0.0001
Interventions for MAP decreases 1 (0–6) 0 (0–9) 0 (0–1) 0.008
Episodes SctO2 "55 0 (0–4) 0 (0–0) 0 (0–0) 0.003
Episodes !20% decrease SctO2 4 (0–38) 0 (0–0) 4 (2–5) "0.0001

CI ! confidence interval; SctO2 ! regional cerebral tissue oxygen saturation; MAP ! mean arterial blood pressure.
Data are number of patients (%) or median (range).
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Cerebral Oxygen Desaturation Events Assessed by
Near-Infrared Spectroscopy During Shoulder Arthroscopy
in the Beach Chair and Lateral Decubitus Positions
Glenn S. Murphy, MD,* Joseph W. Szokol, MD,* Jesse H. Marymont, MD,* Steven B. Greenberg, MD,*
Michael J. Avram, PhD,† Jeffery S. Vender, MD,* Jessica Vaughn, BA,* and Margarita Nisman, BA*

BACKGROUND: Patients undergoing shoulder surgery in the beach chair position (BCP) may be
at risk for adverse neurologic events due to cerebral ischemia. In this investigation, we sought
to determine the incidence of cerebral desaturation events (CDEs) during shoulder arthroscopy
in the BCP or lateral decubitus position (LDP).
METHODS: Data were collected on 124 patients undergoing elective shoulder arthroscopy in the
BCP (61 subjects) or LDP (63 subjects). Anesthetic management was standardized in all
patients. Regional cerebral tissue oxygen saturation (SctO2) was quantified using near-infrared
spectroscopy. Baseline heart rate, mean arterial blood pressure, arterial oxygen saturation, and
SctO2 were measured before patient positioning and then every 3 minutes for the duration of the
surgical procedure. SctO2 values below a critical threshold (!20% decrease from baseline or
absolute value "55% for !15 seconds) were defined as a CDE and treated using a
predetermined protocol. The number of CDEs and types of intervention used to treat low SctO2
values were recorded. The association between intraoperative CDEs and impaired postoperative
recovery was also assessed.
RESULTS: Anesthetic management was similar in the BCP and LDP groups, with the exception
of more interscalene blocks in the LDP group. Intraoperative hemodynamic variables did not
differ between groups. SctO2 values were lower in the BCP group throughout the intraoperative
period (P " 0.0001). The incidence of CDEs was higher in the BCP group (80.3% vs 0% LDP
group), as was the median number of CDEs per subject (4, range 0–38 vs 0, range 0–0 LDP
group, all P " 0.0001). Among all study patients without interscalene blocks, a higher incidence
of nausea (50.0% vs 6.7%, P # 0.0001) and vomiting (27.3% vs 3.3%, P # 0.011) was observed
in subjects with intraoperative CDEs compared with subjects without CDEs.
CONCLUSIONS: Shoulder surgery in the BCP is associated with significant reductions in cerebral
oxygenation compared with values obtained in the LDP. (Anesth Analg 2010;111:496–505)

The beach chair position (BCP) has been used for
shoulder arthroscopic procedures since the early
1980s. The advantages of the conventional BCP

(45°–90° above the horizontal plane) include lack of bra-
chial plexus strain, a reduced risk of direct neurovascular
trauma compared with the lateral decubitus approach,
excellent intraarticular visualization, and ease of conver-
sion to an open approach if needed.1,2 In the United States,
approximately two-thirds of arthroscopic and open shoul-
der procedures are performed with the patient in the sitting

position.3 Although the safety of orthopedic surgery in this
position has been well established,4 rare catastrophic neu-
rologic events have been reported. Pohl and Cullen5 re-
ported 4 cases of ischemic brain and spinal cord injury
occurring after surgery in the BCP. In an additional report,
visual loss and ophthalmoplegia were described after
shoulder surgery in a sitting position.6 Eight intraoperative
cerebrovascular events were reported in a survey of the
American Shoulder and Elbow Surgeons Society; all events
occurred during surgery in the BCP.3

The etiology of central nervous system injury after shoul-
der surgery in the BCP has not been established definitively.
Several authors have hypothesized that cerebral ischemia
may occur when anesthetized patients are placed in a 45° to
90° sitting position.5,7 In awake volunteers, sympathetic ner-
vous system activation occurs when assuming a sitting posi-
tion; systemic vascular resistance and heart rate (HR) are
increased to maintain mean arterial blood pressure (MAP)
and cardiac output.8–10 In anesthetized patients, however, the
response of the autonomic nervous system is attenuated by
the vasodilating effects of IV and volatile anesthetics. Signifi-
cant decreases in cardiac output, MAP, and cerebral perfusion
pressure (CPP) have been observed in neurosurgical patients
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when position was changed from supine to sitting.11,12 Pro-
longed reductions in systemic pressures and CPP that exceed
critical thresholds (severity and time) may result in perma-
nent neurologic injury.

Near-infrared spectroscopy (NIRS) is a noninvasive tech-
nology that provides continuous monitoring of regional cere-
bral tissue oxygen saturation (Scto2). NIRS technology allows
for the immediate recognition and treatment of cerebral
desaturation events (CDEs) that would otherwise be undetec-
ted with conventional intraoperative monitoring. NIRS has
been used to assess the incidence of CDEs in patients under-
going procedures at high risk for adverse neurologic
outcomes (cardiac, vascular, liver transplant, and major ab-
dominal surgery).13 Although orthopedic patients in the BCP
are at risk for cerebral hypoperfusion, no previous clinical
trials have assessed changes in Scto2 in this patient popula-
tion. The aim of this prospective cohort study was to deter-
mine the incidence of CDEs in the BCP and compare this
cohort to subjects undergoing shoulder surgery in the lateral
decubitus position (LDP). In addition, the relationship be-
tween CDEs and early clinical recovery was examined.

METHODS
Patients and Anesthesia
This study was approved by the IRB of NorthShore Uni-
versity HealthSystem and written informed consent was
obtained from all subjects. Seventy consecutive patients
scheduled to undergo elective arthroscopic shoulder sur-
gery under general anesthesia in the BCP were enrolled
(BCP group). During this same time period, 70 additional
consecutive patients presenting for the same surgical pro-
cedure in the right or left LDP were enrolled (LDP group).
Exclusion criteria included preexisting cerebrovascular
disease or orthostatic hypotension; age !18 years; ASA
physical status IV or V; or anticipated procedure under
interscalene blockade with monitored anesthesia care as the
primary anesthetic. Allocation into the BCP and LDP
groups was determined by surgical preference, and use of
interscalene blocks in each group was also primarily influ-
enced by surgeon preference. Anesthesia care was admin-
istered to the BCP and LDP groups by the same group of
providers (15 anesthesiologists).

Cerebral oximetry values may be affected by depth of
anesthesia, type of anesthetic administered, arterial carbon
dioxide concentrations, inspired oxygen content, and sys-
temic blood pressure management.14–16 Therefore, anes-
thetic management was carefully standardized in subjects
in both cohorts. Patients received midazolam 2 mg IV
before being transported to the operating room. Intraopera-
tive monitoring consisted of electrocardiography, auto-
matic arterial blood pressure assessment using a cuff
placed on the nonoperative upper extremity, pulse oxim-
etry, capnography, bispectral index monitoring (BIS!
system; Aspect Medical Systems, Newton, MA), and mea-
surement of core temperature via an esophageal probe.
Anesthesia was induced with propofol 2.0 to 2.5 mg/kg,
fentanyl 100 !g, lidocaine 50 mg, and rocuronium 0.6 to 0.8
mg/kg. Maintenance of anesthesia consisted of sevoflurane
1% to 3% in an oxygen/air mixture (fraction of inspired
oxygen [Fio2] of 50%). Sevoflurane concentrations were
adjusted to maintain MAP within 20% of baseline values and

BIS values between 40 and 60. In addition, patients received 1
to 2 !g " kg"1 " h"1 fentanyl throughout the surgical proce-
dure. If required, rocuronium (10-mg boluses) was adminis-
tered to maintain a train-of-four count of 2 to 3. Ventilation
was controlled to maintain end-tidal carbon dioxide (Etco2)
between 30 and 34 mm Hg. Lower body forced-air warming
devices (Bair Hugger!; Augustine Medical, Minneapolis,
MN) were used to maintain core temperature above
35.0°C. Ondansetron 4 mg was given to all patients
within 30 minutes of tracheal extubation. Neostigmine 50
!g/kg and glycopyrrolate 10 !g/kg were administered
at a train-of-four count of at least 2 to reverse neuromus-
cular blockade at the conclusion of surgical closure.

Clinicians were instructed to maintain MAP within 20% of
baseline values throughout the intraoperative period, as per
standard practice involving surgery in the sitting position at
our institution. Baseline MAP was determined in the sedated
patient in the supine position. MAPs below this threshold
were treated with phenylephrine (80 !g), ephedrine (5 mg), or
a fluid bolus, as required clinically. Patients undergoing
surgery in the LDP were treated with the same MAP protocol.

Cerebral Oxygenation Measurements and
Perioperative Data Collection
Cerebral oxygen saturation was measured continuously
using the FORE-SIGHT system (CAS Medical Systems, Inc.,
Branford, CT). The FORE-SIGHT device is a continuous
wave, spatially resolved cerebral oximeter that uses 4
discrete wavelengths of laser light to calculate the absolute
value of Scto2. Four wavelengths of light allow for more
accurate determination of oxyhemoglobin and deoxyhemo-
globin levels by compensating for wavelength-dependent
scattering losses and reducing interference from other
background light absorbers.17,18 Sensors were applied bi-
laterally to each frontotemporal area after cleansing the
skin area with alcohol (the medial margin at the midline of
the forehead [avoiding the temporalis muscle] and the
lower margin 1–1.5 cm above the eyebrow). The cerebral
oximetry and BIS probes were secured in the preoperative
holding area and covered with an opaque wrapping to
prevent light interference.

On arrival to the operating room, MAP and HR were
recorded. Simultaneously, arterial oxygen saturation (Spo2)
and Scto2 values were measured in patients before induc-
tion of anesthesia while breathing a 50% air/oxygen mix-
ture. These variables (Scto2, MAP, HR, and Spo2) were then
manually recorded by a research assistant every 3 minutes
for the duration of the operative procedure. Intraoperative
Scto2 data were also collected continuously on a USB
device. Baseline Scto2 was the mean value observed over a
1-minute period after induction of anesthesia during a
stable interval (MAP within 20% baseline values, BIS
40–60, Etco2 30–34 mm Hg, and Fio2 50%) approximately
10 minutes after induction of anesthesia. Baseline measures
for MAP, HR, Spo2, and BIS used in the analysis were also
recorded at this time. Five minutes after these initial data
were collected, the patient was positioned for the surgical
procedure. In the BCP group, the head was secured in a
neutral position to ensure that cerebral venous drainage
was not impaired. The back of the operating room table
was then raised to 80° to 90° above the horizontal plane. In
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the LDP group, patients were placed in the LDP with the
head supported with towels to maintained alignment with
the thoracolumbar spine. The NIRS monitor was positioned
so that Scto2 data could be viewed by the research assistant
but not by clinicians providing intraoperative care. If any
Scto2 values below a previously defined critical threshold
(!20% decrease from baseline or absolute value "55% for
!15 seconds) were observed by the research assistant,
clinicians were instructed to treat the CDE. For this investiga-
tion, a prioritized intraoperative management protocol was
used to increase Scto2 values. Interventions to treat CDEs
included the following: (1) increasing MAP with phenyleph-
rine (80 #g), ephedrine (5 mg), or a fluid bolus, as clinically
indicated; (2) increasing Etco2 by decreasing ventilation; or (3)
increasing Fio2 concentrations. The number and type of
interventions used to treat low Scto2 values were recorded by
the research assistant. In addition, interventions used by
clinicians to treat MAP reductions unrelated to Scto2 were
noted. All data were collected until tracheal extubation.

After discontinuation of sevoflurane at the end of the
surgical procedure, the time required to achieve the following
end points were recorded: open eyes on verbal command;
squeeze hand on verbal command; tracheal extubation; and
admission to postanesthesia care unit (PACU). The Aldrete
score was recorded on arrival to the PACU and then assessed
every 15 minutes until discharge. Hydromorphone was used
for postoperative analgesia and titrated to achieve pain scores
of "2 on a scale of 0 to 10 (0 # no pain, 10 # worst pain
imaginable). Any episodes of nausea and vomiting during the
PACU admission were noted, and the severity of events
graded on a 3-point scale (1 # mild, 1 episode; 2 # moderate,
2–3 episodes; and 3 # severe, !3 episodes). The need for
rescue antiemetics was also assessed. The times needed to
meet discharge criteria and achieve actual discharge were
noted. All recovery data were collected by PACU nurses
blinded to intraoperative cerebral oximetry information.
However, PACU nurses and research assistants were not
blinded to patient positioning.

Patient demographic data that were recorded included
age, sex, height, weight, preoperative hemoglobin, ASA
physical status, and preexisting medical conditions. Details
of the intraoperative anesthetic management included du-
ration of anesthesia, administration of crystalloids, doses of
opioids and rocuronium provided intraoperatively, and
core temperatures at the conclusion of the anesthetic.

Statistical Analysis
Sample size was determined based on the primary outcome
variable, the incidence of CDEs. Scto2 values below a
predetermined critical threshold (!20% decrease from
baseline or absolute value "55% for !15 seconds) were
used to define these events. In a pilot study of patients
undergoing surgery in the BCP, CDEs were observed in
50% of the subjects. We hypothesized that we would
observe 50% fewer CDEs in patients having surgery in the
LDP. Group sample sizes of 66 in each group achieve 80%
power to detect a difference of 0.25 between the null
hypothesis that both group proportions are 0.50 and the
alternative hypothesis that the proportion of the LDP group
is 0.25 with a 2-tailed significance level ($) of 0.05 using %2

or Fisher exact test with continuity correction.

Discrete data were compared using Fisher exact test
(NCSS, Kaysville, UT). The 95% confidence intervals for the
differences in percentages were calculated using the Far-
rington and Manning score. Ordinal data and continuous
data that were not normally distributed are presented as
median and range. These data were compared between
groups using the Mann-Whitney U test and within groups
using Wilcoxon signed rank test (StatsDirect, Cheshire,
UK). The median differences and their 95% confidence
intervals were calculated.

Normally distributed continuous data are presented as
mean and SD. These data were compared using the un-
paired t test (NCSS), except for the hemodynamic data.
Mean differences and their 95% confidence intervals were
calculated. Hemodynamic, Spo2, BIS, and Scto2 data were
compared within and between groups using a 2-factor
analysis of variance with repeated measures on 1 factor,
with the Holm-Sidak method for pairwise multiple com-
parisons in post hoc analysis (SigmaPlot 11.0; Systat Soft-
ware, Inc., San Jose, CA).

Multiple logistic regression analysis (StatsDirect) was
performed to determine predictors of nausea. Variables
included in the initial analysis were those identified in
univariate analyses as having a value of P " 0.10. In the
final analyses, variables with high P values were removed
from the model 1 at a time and were excluded from the
final model if their removal either did not diminish the fit
of the model or actually improved it, as determined by the
correct prediction of both positive and reference responses.
The sensitivity and specificity of the logistic model were
calculated from the model-predicted reference and model-
predicted positive responses (using the default threshold
probability for positive classification of 0.5) and the actual
reference and actual positive responses. No external vali-
dation was attempted.

The criterion for rejection of the null hypothesis estab-
lished a priori was a 2-tailed P " 0.05.

RESULTS
One hundred forty patients were enrolled in this clinical trial.
Sixteen subjects were excluded from final analysis because of
the following factors: changes in patient positioning (45°
beach chair) (4 in BCP group); protocol violations (3 in BCP
group and 3 in LDP group); incomplete data collection (2 in
BCP group and 3 in LDP group); and procedure canceled
before entering the operating room (1 in LDP group). As a
result, data analysis was performed on 61 patients in the BCP
group and 63 patients in the LDP group. The BCP and LDP
groups were similar in terms of demographic characteristics.
There were no differences between groups in age, weight,
height, sex, preoperative hemoglobin values, preexisting
medical conditions, or ASA physical status (Table 1). Intraop-
erative management data are presented in Table 2. The
duration of anesthesia was longer in the LDP group. A higher
percentage of patients in the LDP group received interscalene
blocks (71.4%) compared with the BCP group (8.2%, P "
0.0001) and a lower dose of intraoperative fentanyl was used
in the LDP group (P " 0.0001).

Hemodynamic data are presented in Figures 1 and 2.
The ANOVA statistics revealed that whereas HR and MAP
decreased in both the LDP and BCP groups after induction
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was not equally distributed between the BCP and LDP
groups and interscalene blocks can beneficially influence
recovery from anesthesia. Patient characteristics did not
differ between subjects with and without CDEs. Perioper-
ative management variables, including opioid dosing in the
operating room and PACU, also did not differ between
groups. A significantly higher incidence of nausea (50.0%
vs 6.7%, P ! 0.0001) and vomiting (27.3% vs 3.3%, P !
0.011) was observed in subjects with intraoperative CDEs
compared with subjects with no CDE. All other recovery
landmarks (with the exception of Aldrete scores on PACU
admission) did not differ between groups.

To determine whether confounding variables may be
contributing to the nausea, age, sex, smoking status, hemo-
globin concentration, operative position, fentanyl dose,
end-tidal sevoflurane concentration, and the occurrence of
cerebral desaturation were compared between patients
who had not had regional anesthesia and did not become
nauseated and patients who had not had regional anesthe-
sia but did become nauseated. Variables identified in the
univariate analyses as having a value of P " 0.10 and
included in the initial multiple logistic regression analysis
as predictors of nausea were hemoglobin concentration,
operative position, and the occurrence of cerebral desatu-
ration. The only variable included in the final multiple
logistic regression model as a predictor of nausea was the
occurrence of cerebral desaturation (logit P ! #2.639 $
2.639 % [0 ! no desaturation, 1 ! desaturation]; likelihood
ratio test statistic ! 17.56, df ! 1, P " 0.0001). The
sensitivity of the logistic model was 91.7%, whereas its
specificity was 56.0%.

DISCUSSION
Patients undergoing shoulder surgery in the BCP may be at
risk for cerebral hypoxia because of decreases in CPP. NIRS
technology, which provides information on the balance
between oxygen supply and demand in the frontal region
of the brain, has not been used previously to determine
changes in Scto2 in this patient population. Our results
indicate that CDEs, defined as a !20% decrease in Scto2

values from baseline measurements or an Scto2 value of
"55%, occurred frequently in patients having arthroscopic
surgery in the BCP. Despite the use of a protocol designed
to optimize CPP, CDEs were observed in 80.3% of subjects.
In contrast, no CDEs were noted in a similar cohort of
patients undergoing shoulder arthroscopy in the LDP. An
association between intraoperative CDEs and postopera-
tive nausea and vomiting was also observed.

Figure 5. Bispectral index (BIS) for the patients in the beach chair
position group and in the lateral decubitus position group. The data
are presented as mean & SD. There were no differences between
the groups at any time. The number of patients in the beach chair
position group increased from 57 at baseline to 59 at 6 minutes,
then decreased to 58 at 45 minutes after which it decreased
progressively over time to 49 at 1 hour and to 18 at 90 minutes,
whereas the number of patients in the lateral decubitus position
group decreased from 63 at baseline to 61 at 48 minutes and then
progressively over time to 54 at 1 hour and to 40 at 90 minutes.

Figure 6. Regional cerebral tissue oxygen saturation (SctO2) for the
patients in the beach chair position group and in the lateral
decubitus position group. The data are presented as mean & SD.
The solid horizontal line indicates the time during which the SctO2
values in the patients of the beach chair position group differed from
their baseline SctO2 values (3– 0 minutes, overall P " 0.05) whereas
the dotted horizontal line indicates the time during which the SctO2
values in the patients of the lateral decubitus position group differed
from their baseline SctO2 values (12– 0 minutes, overall P " 0.05).
The dashed horizontal line indicates the times during which the SctO2
values in the patients of the beach chair position group differed from
those in the lateral decubitus position group (3–90 minutes, overall
P " 0.05). The number of patients in the beach chair position group
decreased from 61 at baseline to 60 at 45 minutes and then
progressively over time to 51 at 1 hour and to 20 at 90 minutes,
whereas the number of patients in the lateral decubitus position
group decreased from 63 at baseline to 61 at 48 minutes and then
progressively over time to 54 at 1 hour and to 40 at 90 minutes.

Table 3. Primary Outcome Variables

Beach chair group Lateral group
Difference or median
difference (95% CI) P value

No. of patients 61 63 — —
Patients with cerebral desaturation events 49 (80.3%) 0 (0%) 80.3% (68.7%–88.4%) "0.0001
Interventions for SctO2 decreases 2 (0–11) 0 (0–0) 2 (2–3) "0.0001
Interventions for MAP decreases 1 (0–6) 0 (0–9) 0 (0–1) 0.008
Episodes SctO2 "55 0 (0–4) 0 (0–0) 0 (0–0) 0.003
Episodes !20% decrease SctO2 4 (0–38) 0 (0–0) 4 (2–5) "0.0001

CI ! confidence interval; SctO2 ! regional cerebral tissue oxygen saturation; MAP ! mean arterial blood pressure.
Data are number of patients (%) or median (range).
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was not equally distributed between the BCP and LDP
groups and interscalene blocks can beneficially influence
recovery from anesthesia. Patient characteristics did not
differ between subjects with and without CDEs. Perioper-
ative management variables, including opioid dosing in the
operating room and PACU, also did not differ between
groups. A significantly higher incidence of nausea (50.0%
vs 6.7%, P ! 0.0001) and vomiting (27.3% vs 3.3%, P !
0.011) was observed in subjects with intraoperative CDEs
compared with subjects with no CDE. All other recovery
landmarks (with the exception of Aldrete scores on PACU
admission) did not differ between groups.

To determine whether confounding variables may be
contributing to the nausea, age, sex, smoking status, hemo-
globin concentration, operative position, fentanyl dose,
end-tidal sevoflurane concentration, and the occurrence of
cerebral desaturation were compared between patients
who had not had regional anesthesia and did not become
nauseated and patients who had not had regional anesthe-
sia but did become nauseated. Variables identified in the
univariate analyses as having a value of P " 0.10 and
included in the initial multiple logistic regression analysis
as predictors of nausea were hemoglobin concentration,
operative position, and the occurrence of cerebral desatu-
ration. The only variable included in the final multiple
logistic regression model as a predictor of nausea was the
occurrence of cerebral desaturation (logit P ! #2.639 $
2.639 % [0 ! no desaturation, 1 ! desaturation]; likelihood
ratio test statistic ! 17.56, df ! 1, P " 0.0001). The
sensitivity of the logistic model was 91.7%, whereas its
specificity was 56.0%.

DISCUSSION
Patients undergoing shoulder surgery in the BCP may be at
risk for cerebral hypoxia because of decreases in CPP. NIRS
technology, which provides information on the balance
between oxygen supply and demand in the frontal region
of the brain, has not been used previously to determine
changes in Scto2 in this patient population. Our results
indicate that CDEs, defined as a !20% decrease in Scto2

values from baseline measurements or an Scto2 value of
"55%, occurred frequently in patients having arthroscopic
surgery in the BCP. Despite the use of a protocol designed
to optimize CPP, CDEs were observed in 80.3% of subjects.
In contrast, no CDEs were noted in a similar cohort of
patients undergoing shoulder arthroscopy in the LDP. An
association between intraoperative CDEs and postopera-
tive nausea and vomiting was also observed.

Figure 5. Bispectral index (BIS) for the patients in the beach chair
position group and in the lateral decubitus position group. The data
are presented as mean & SD. There were no differences between
the groups at any time. The number of patients in the beach chair
position group increased from 57 at baseline to 59 at 6 minutes,
then decreased to 58 at 45 minutes after which it decreased
progressively over time to 49 at 1 hour and to 18 at 90 minutes,
whereas the number of patients in the lateral decubitus position
group decreased from 63 at baseline to 61 at 48 minutes and then
progressively over time to 54 at 1 hour and to 40 at 90 minutes.

Figure 6. Regional cerebral tissue oxygen saturation (SctO2) for the
patients in the beach chair position group and in the lateral
decubitus position group. The data are presented as mean & SD.
The solid horizontal line indicates the time during which the SctO2
values in the patients of the beach chair position group differed from
their baseline SctO2 values (3– 0 minutes, overall P " 0.05) whereas
the dotted horizontal line indicates the time during which the SctO2
values in the patients of the lateral decubitus position group differed
from their baseline SctO2 values (12– 0 minutes, overall P " 0.05).
The dashed horizontal line indicates the times during which the SctO2
values in the patients of the beach chair position group differed from
those in the lateral decubitus position group (3–90 minutes, overall
P " 0.05). The number of patients in the beach chair position group
decreased from 61 at baseline to 60 at 45 minutes and then
progressively over time to 51 at 1 hour and to 20 at 90 minutes,
whereas the number of patients in the lateral decubitus position
group decreased from 63 at baseline to 61 at 48 minutes and then
progressively over time to 54 at 1 hour and to 40 at 90 minutes.

Table 3. Primary Outcome Variables

Beach chair group Lateral group
Difference or median
difference (95% CI) P value

No. of patients 61 63 — —
Patients with cerebral desaturation events 49 (80.3%) 0 (0%) 80.3% (68.7%–88.4%) "0.0001
Interventions for SctO2 decreases 2 (0–11) 0 (0–0) 2 (2–3) "0.0001
Interventions for MAP decreases 1 (0–6) 0 (0–9) 0 (0–1) 0.008
Episodes SctO2 "55 0 (0–4) 0 (0–0) 0 (0–0) 0.003
Episodes !20% decrease SctO2 4 (0–38) 0 (0–0) 4 (2–5) "0.0001

CI ! confidence interval; SctO2 ! regional cerebral tissue oxygen saturation; MAP ! mean arterial blood pressure.
Data are number of patients (%) or median (range).
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of anesthesia, intraoperative HR and MAP values did not
differ between groups. No differences between groups
were noted in Spo2 (Fig. 3), end-tidal sevoflurane concen-
tration (Fig. 4), or BIS (Fig. 5) data throughout the intraop-
erative period.

Scto2 data are presented in Figure 6 and Table 3. Scto2

values before (75.5 ! 4.0 vs 75.9 ! 3.9) and after (baseline:
80.4 ! 5.0 vs 81.1 ! 5.1) induction of anesthesia were
similar between the LDP and BCP groups. The ANOVA
statistics revealed that Scto2 not only decreased over time

Table 1. Patient Characteristics
Beach chair group Lateral group Difference (95% CI) P value

No. of patients 61 63 — —
Sex (male/female) 38 (62.3%)/23 (37.7%) 40 (63.5%)/23 (36.5%) "1.2% ("18.0% to 15.6%) 1.000
Age (y) 49.8 ! 13.9 47.8 ! 14.8 1.9 ("3.2 to 7.1) 0.453
Weight (kg) 81.5 ! 20.0 85.3 ! 17.9 "3.8 ("10.5 to 3.0) 0.268
Height (cm) 170.1 ! 9.8 173.3 ! 11.0 "3.1 ("6.8 to 0.6) 0.096
ASA physical status II (I–III) II (I–III) 0 (0–0) 0.533
Hemoglobin (g/dL) 14.0 ! 1.5a 13.9 ! 1.4b 0.1 ("0.5 to 0.6) 0.796
Previous MI 2 (3.3%) 1 (1.6%) 1.7% ("5.5% to 9.8%) 0.616
Arrhythmias 1 (1.6%) 3 (4.8%) "3.1% ("11.7% to 4.5%) 0.619
Hypertension 26 (42.6%) 23 (36.5%) 6.1% ("11.0% to 22.9%) 0.582
COPD/emphysema 0 (0%) 1 (1.6%) "1.6% ("8.5% to 4.4%) 1.000
Asthma 9 (14.8%) 6 (9.5%) 5.2% ("6.7% to 17.6%) 0.419
Sleep apnea 5 (8.2%) 4 (6.4%) 1.9% ("8.2% to 12.4%) 0.742
Thyroid disease 3 (4.9%) 5 (7.9%) "3.0% ("13.1% to 6.6%) 0.718
Diabetes

Insulin-dependent 0 (0%) 0 (0%) — —
Noninsulin-dependent 3 (4.9%) 6 (9.5%) "4.6% ("15.1% to 5.3%) 0.492

CVA 0 (0%) 0 (0%) — —
TIA 0 (0%) 0 (0%) — —
Smoking history 7 (11.5%) 8 (12.7%) "1.2% ("13.3% to 10.9%) 1.000
Drinking history 4 (6.6%) 8 (12.7%) "6.1% ("17.5% to 4.8%) 0.364

CI # confidence interval; MI # myocardial infarction; COPD # chronic obstructive pulmonary disease; CVA # cerebrovascular accident; TIA # transient ischemic
attack.
Data are mean ! SD, median (range), or number of patients (%).
a n # 60.
b n # 52.

Table 2. Perioperative Variables
Beach chair group Lateral group Difference (95% CI) P value

No. of patients 61 63 — —
Interscalene block 5 (8.2%) 45 (71.4%) "63.2% ("74.6% to "48.5%) $0.0001
Intraoperative

Total time (min) 117 ! 31 135 ! 46 "18.0 ("32 to 4) 0.011
Dose fentanyl (!g) 200 (50–500) 100 (0–325) 50 (25–100) $0.0001
Dose rocuronium (mg) 50 (30–140) 50 (30–155) 0 (0–10) 0.054
Crystalloid (L) 1.11 ! 0.39 1.20 ! 0.38 "0.09 ("0.23 to 0.05) 0.201
Final OR temperature (°C) 35.9 ! 0.6 36.1 ! 0.6 "0.1 ("0.4 to 0.1) 0.224

Times to recovery landmarks (min)
Open eyes 8 (1–25) 8 (2–16) 0 ("1 to 1) 0.896
Squeeze hands 8 (1–26) 8 (2–22) 1 (0–3) 0.088
Tracheal extubation 10 (2–36) 9 (0–24) 0 ("1 to 2) 0.576
Arrive PACU 17 (5–35) 13 (5–28) 3 (1–5) $0.001
PACU
Aldrete scores

Arrival 8 (2–10) 8 (2–10)a "1 ("1 to 0) $0.001
30 min 9 (7–10) 9 (2–10)a 0 ("1 to 0) 0.050
60 min 9 (8–10)b 10 (8–10)c 0 (0–0) 0.475
90 min 10 (8–10)d 10 (8–10)e 0 (0–1) 0.494
Discharge 9 (8–10)f 10 (9–10)g "1 ("1 to 0) 0.378

Nausea 24 (39.3%) 5 (8.1%)a 31.3% (17.1%–45.1%) $0.0001
Nausea severity (1–3 scale) 1.5 (1–3)h 1 (1–2)i 0 (0–1) 0.970

Vomiting 13 (21.3%) 1 (1.6%)a 19.7% (9.8%–31.8%) $0.001
Vomiting severity (1–3 scale) 1 (1–2)j 1k —

Pain medication 52 (85.3%) 33 (52.4%)a 32.9% (17.0%–47.3%) 0.0001
Pain medication dose (mg hydromorphone) 1.5 (0.5–4)l 1 (0.5–4.0)m 0 (0–0.5) 0.374

PACU discharge (min)
Criteria met 80 (35–193) 83.5 (39–145)a "1 ("13 to 10) 0.830
Actual discharge 93 (45–298) 94 (55–181)a 2 ("10 to 12) 0.765

CI # confidence interval; OR # operating room; PACU # postanesthesia care unit.
Data are mean ! SD, median (range), or number of patients (%).
a n # 62, b n # 58, c n # 57, d n # 18, e n # 27, f n # 9, g n # 4, h n # 24, i n # 5, j n # 13, k n # 1, l n # 52, m n # 33.
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FIN 
ÉPISODE 1

de la petite histoire
de la position assise 

en orthopédie



L’OXYMÉTRIE CÉRÉBRALE monitore 
l’oxygénation d’une RÉGION du cerveau

ATTENTION 

Corrélation de l’OXYMÉTRIE CÉRÉBRALE 
avec le outcome clinique est encore sous étude

Ne pas utiliser l’OXYMÉTRIE CÉRÉBRALE 
comme outil pour tolérer une hypotension en 

position assise

Interpréter la valeur à la lumière de la clinique 



Vérifier la position de la tête, éliminer toute 
source d’obstruction au flot sanguin

Normaliser la pCO2

Optimiser la tension artérielle

Augmenter la FiO2

Conduite lors de 
désaturation



Chirurgie 
orthopédique 

en position assise

LE MANAGEMENT 
ANESTHÉSIQUE?



Les complications 
décrites

Ischémie cérébrale

Quadriplégie

Perte de vision et ophtalmoplégie

Embolie gazeuse

Pneumothorax, pneumomédiastin

Neuropathies périphériques

Anesth Analg 2003; 96: 899-902. 
Spine 2006; 31: 1056-9. 
Br J Anaesth 1999; 82: 117-28.

Anesthesiology 1998; 89: 805-6.  
Br J Anaesth 2000; 85: 925-7.

Chest 1992; 101: 1265-7.



Les complications 
décrites

J Shoulder Elbow Surg 2008; 17: e28-30 
Arthroscopy 2005; 21: 631e1-e3

Anesth Analg 2003; 96: 899-902  
J Bone Joint Surg Am 1992; 74: 137-9

Neuropathies périphériques

‣ Syndrome de Tapia (Récurrent Laryngé + Hypoglosse)

‣ Nerf Hypoglosse

‣ Petit nerf occipital et Grand nerf auriculaire



Complications 
potentielles

Macroglossie

Occlusion de la veine jugulaire

Ischémie aux membres inférieurs

Compression du nerf sciatique

J Neurosurg 1989; 71: 618-9.  
Br J Anaesth 1999; 82: 117-28.



Management

Positionnement
Bonne pré-hydratation
Montée graduelle
Bas support ? 
Vérification du positionnement 
‣ Fréquentes
‣ À tout changement de position

Arthroscopy 2010: 26: 729-33.  
Anesth Analg 1983; 62: 648-53.



Management

Tête
Fixation?
Points de pression au visage
Conserver position neutre

Bras
Support sous le coude non opéré

Jambes
Flexion légère des genoux
Flexion de la hanche de ≺ 90 degrés



Management

Maintenance
  les options:

Can J Anesth 2011; 58: 986-92
J Shoulder Elbow Surg 2013; in press

Générale vs régionale

Halogénés vs propofol

Anesthesiology 2012: 56: 872-9

the groups (table 2). MAP was decreased after induction of
anesthesia in both groups; however, post hoc analysis showed
that it was higher in S/N than in P/R group (89 ! 12 vs.
80 ! 13 mmHg, P " 0.0364). Four patients taking angio-
tensin II receptor antagonists were thus excluded, resulting in
similar postinduction baseline values between the two groups
(88 ! 12 vs. 82 ! 12 mmHg, P " 0.124). MAP further
decreased by BCP for 20 min in both groups (P # 0.0001).
However, MAP was higher in S/N than in P/R group at 7 to
8 min after BCP (P " 0.0212) despite the less frequent use of
vasopressors in the former. Heart rate did not differ between
the groups before induction of anesthesia (68 ! 11 vs. 66 !
11 beats/min). It was increased by induction of anesthesia
and then decreased from 3 min after the positioning in S/N
group (P " 0.0001), whereas it remained unaltered in P/R
group. However, heart rate did not differ between the groups
throughout the study, although it tended to be lower in S/N
group at 13–20 min into postural change, thus revealing
time by group interaction (P " 0.0017).

SjvO2 before (postinduction baseline in the supine posi-
tion) and after BCP are presented in figure 2. Figure 3 shows
individual values of SjvO2. Baseline values were higher in the
S/N than in the P/R group (74 ! 8% vs. 65 ! 9%, P "
0.0048). They decreased significantly after the positioning in
both groups, but the magnitude of which was smaller in the
S/N than in the P/R group (11 ! 10% vs. 23 ! 9%, P "
0.0006), with the lowest values within 10 min being 63 !
13% and 42 ! 14%, respectively. Of the 38 patients studied,
15 (three in S/N group and 12 in P/R group) showed SjvO2

of less than 50%. Five patients with SjvO2 of less than 40%
were all from the P/R group.

SctO2 values are presented in figure 4. They were compa-
rable between the groups before induction of anesthesia.
Postinduction baseline values before BCP also did not differ

between the groups (78 ! 9% vs. 72 ! 10% in the S/N and
P/R groups, respectively). The two-way ANOVA revealed
that SctO2 decreased over time after BCP in both groups
(P # 0.0001), with no intergroup differences across time
(P " 0.959).

The adverse effects are presented in figure 5. The inci-
dence of hypotension (MAP less than 50 mmHg, measured
at the level of the external auditory canal) was lower in the

Fig. 2. Jugular venous oxygen saturation after moving to the
beach chair position in patients under sevoflurane-nitrous
oxide or propofol-remifentanil anesthesia. Values are
means ! SD *P # 0.05 versus baseline. †P # 0.05 versus
propofol-remifentanil anesthesia group (all the time). The
number of patients in the sevoflurane-nitrous oxide group
decreased from 19 at baseline to 17 at 90 min, whereas the
number of patients in the propofol-remifentanil group de-
creased from 17 at baseline to 15 at 90 min. P/R " propofol-
remifentanil anesthesia; S/N " sevoflurane-nitrous oxide an-
esthesia; SjvO2 " jugular venous oxygen saturation.

Fig. 3. Individual and mean (!SD) jugular venous oxygen
saturation in patients under sevoflurane-nitrous oxide or
propofol-remifentanil anesthesia. The baseline values ob-
tained in supine position after induction of anesthesia and the
lowest values reached within 10 min after the beach chair
position are presented. *P # 0.05 versus propofol-remifenta-
nil anesthesia group. †P # 0.05 versus baseline. The hori-
zontal dashed line represents 50% of jugular venous oxygen
saturation, an indirect threshold of cerebral hypoperfusion.
BCP " beach chair position; P/R " propofol-remifentanil
anesthesia; S/N " sevoflurane-nitrous oxide anesthesia;
SjvO2 " jugular venous oxygen saturation.

Fig. 4. Regional cerebral tissue oxygen saturation after mov-
ing to the beach chair position under sevoflurane-nitrous
oxide or propofol-remifentanil anesthesia. Values are
means ! SD. Postinduction baseline values in supine posi-
tion are shown at time 0. *P # 0.05 versus baseline. There
was no difference between the groups at any time (P "
0.291). The number of patients in the sevoflurane-nitrous
oxide anesthesia group decreased from 19 at baseline to 17
at 90 min, whereas the number of patients in the propofol-
remifentanil anesthesia group decreased from 17 at baseline
to 15 at 90 min. P/R " propofol-remifentanil anesthesia;
S/N " sevoflurane-nitrous oxide anesthesia; SctO2 " cere-
bral tissue oxygen saturation.

PERIOPERATIVE MEDICINE

Anesthesiology 2012; 116:1047–56 Jeong et al.1051

S/N than in the P/R group, along with a less frequent use of
ephedrine (26% vs. 71%, respectively, P ! 0.043). One
patient in the P/R group received ephedrine three times.
However, total dosage of ephedrine did not differ between
the groups. The duration of the hypotensive episodes ranged
from 30 s to 15 min. The incidence of SjvO2 of less than 50%
was also significantly lower in the S/N than in the P/R group
(16% vs. 71%, P ! 0.0009). There were no differences in the
incidence of cerebral oxygen desaturation (more than 20%
decrease of SctO2 from baseline) between the groups (P !
0.836). The duration of the desaturation episode ranged
from 2 min to 13 min in the S/N group, and from 1 min to
1 h or longer in the P/R group. Of 15 patients with SjvO2 of
less than 50% in all, four (27%) had both hypotension and
cerebral desaturation, four (27%) had hypotension alone,
and one (7%) had cerebral desaturation alone, whereas the
remaining six (40%) had neither hypotension nor cerebral
desaturation.

To determine whether SctO2 reflects SjvO2, a total of 726
paired measurements of both values from 36 patients were
compared using linear regression and Bland-Altman analy-
ses. SjvO2 and SctO2 showed a significant but weak correla-
tion (! ! 0.218, r2 ! 0.133, P ! 0.0001) (fig. 6). Figure 7
shows Bland-Altman plot depicting the difference between
SjvO2 and SctO2 (Y-axis) against their means (X-axis) for all
patients. The mean difference (bias) between the two mea-
surements was "7.2% with 95% limit of agreement
("38.2%, 23.8%). The width of the interval was 62%, sug-
gesting an unacceptable agreement. The bias between SjvO2

and SctO2 seemed to vary with the level of their means, with
SjvO2 lower than SctO2 at low values of their means, and
higher at high values of their means. A mean (2 SD) bias

("9.0[30.0]%) was also lower during the period of decreased
MAP after postural change (1–20 min into BCP in 526
measurement pairs), as compared with that ("1.3[32.6]% in
164 pairs) after resuming the normotension (25–90 min into
BCP)(P # 0.0001).

Discussion
The present study demonstrated that S/N group had a higher
SjvO2 than P/R group in BCP. The lowest values were 63 $
13% versus 42 $ 14% within 10 min, respectively (P !
0.0006). In addition, MAP was higher at 7 to 8 min in BCP
in S/N group, despite a less frequent use of vasopressors. S/N

Fig. 5. The incidences of hypotension (mean arterial pressure
of less than 50 mmHg), jugular venous oxygen desaturation
(less than 50%), and cerebral oxygen desaturation (more than
20% decrease from baseline) after moving to the beach chair
position in patients under sevoflurane-nitrous oxide or propo-
fol-remifentanil anesthesia. *P # 0.05 between groups.
MAP ! mean arterial pressure; NS ! nonsignificant; P/R !
propofol-remifentanil anesthesia; S/N ! sevoflurane-nitrous
oxide anesthesia; SctO2 ! cerebral tissue oxygen saturation;
SjvO2 ! jugular venous oxygen saturation.

Fig. 6. Regional cerebral oxygenation using near-infrared
spectroscopy plotted against jugular venous oxygen satura-
tion from 726 pairs of 36 patients undergoing beach chair
surgery under sevoflurane-nitrous oxide or propofol-remifen-
tanil anesthesia. P/R ! propofol-remifentanil anesthesia;
S/N ! sevoflurane-nitrous oxide anesthesia; SctO2 ! cere-
bral tissue oxygen saturation; SjvO2 ! jugular venous oxygen
saturation.

Fig. 7. Bland-Altman plot of the means of the measured
jugular venous oxygen saturation and the cerebral tissue
oxygen saturation against the difference between the means
for all patients. Each circle represents one patient. Mean bias
"7.7% (solid line) with 95% limits of agreement from
"38.2% to %23.8% (dotted lines) are shown. SctO2 ! cere-
bral tissue oxygen saturation; SjvO2 ! jugular venous oxygen
saturation.

Cerebral Oxygenation in Beach Chair Position

Anesthesiology 2012; 116:1047–56 Jeong et al.1052



Management

Maintenance
  les options:
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Oxymétrie cérébrale ?



En résumé

La POSITION ASSISE est appréciée de 
plusieurs orthopédistes 

Est associée à des changements 
hémodynamiques significatifs

Des complications sont à redouter
Ischémie cérébrale
Neuropathies périphériques



En résumé

L’ISCHÉMIE CÉRÉBRALE est rare, mais 
dévastatrice

Survient chez des patients jeunes en bonne 
santé

Mécanisme causal imprécis, 
l’hypoperfusion cérébrale est l’hypothèse 
principale



En résumé

Recommandations de l’APSF:

Éviter l’hypotension contrôlée

Corriger la valeur de TA pour la position

Réduction maximale de la TA de 30%      

Si NIBP, l’installer au membre supérieur



En résumé
Conseils supplémentaires:

Installation graduelle du patient

Vérifications fréquentes du positionnement



‣ Évaluation préopératoire
‣ Canule au méat auditif
‣ Bas élastiques compressifs
‣ Montée graduelle
‣ Descendre au besoin
‣ Maximum 70 degrés
‣ Tête en position neutre
‣ Bras non opéré supporté
‣ Champs opératoires dégagés
‣ Vérification au moins 1x/heure

Consensus HEJ


