
321

Patient positioning in the operating room facilitates sur-
gical procedures; however, positioning can be a source 
of patient injury and can alter intraoperative physiology. 
Positioning injuries during surgery remain a significant 
source of perioperative morbidity. Anesthesia providers 
share a critical responsibility for the proper positioning of 
patients in the operating room.1 This chapter will review 
general physiologic changes during positioning, general 
intraoperative positions, some specific positioning con-
cerns, and intraoperative positioning related injuries.

PHYSIOLOGIC ASPECTS OF POSITIONING

Physiologic responses play an essential role in blunt-
ing hemodynamic changes that would otherwise occur 
from positional changes in our day-to-day lives. Central, 
regional, and local mechanisms are involved. When a per-
son reclines from an upright to a supine position, venous 
return to the heart increases and this increases preload, 
stroke volume, and cardiac output. These changes cause 
a brief increase in arterial blood pressure, which in turn 
activates afferent baroreceptors from the aorta (via the 
vagus nerve) and within the walls of the carotid sinuses 
(via the glossopharyngeal nerve) to decrease sympathetic 
outflow and to increase parasympathetic impulses to the 
sinoatrial node and myocardium. This parasympathetic 
outflow counters the increase in arterial blood pressure 
from increased preload and as a result systemic arterial 
blood pressure is maintained within a narrow range dur-
ing postural changes in the nonanesthetized setting.

Central, regional, and local physiologic responses are 
important in maintaining hemodynamics when chang-
ing positions during a normal day-to-day life. During 
various types of anesthesia some of these responses can 
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be blunted, which can change a patient’s hemodynamic 
responses to positional changes.

Pulmonary physiology is also altered by positional 
changes, which are further exaggerated during anes-
thesia. For example, when nonanesthetized people lie 
down, their functional residual capacity (FRC) decreases 
as a result of the diaphragm shifting upward. In anesthe-
tized patients, the decrease in FRC is more dramatic, and 
often closing capacity exceeds FRC, leading to increases 
in ventilation-perfusion ( 7̇�2̇) mismatching and hypox-
emia. Furthermore, positioning that limits diaphrag-
matic movement pushes on the chest wall or abdomen, 
causing intrapulmonary shunting from atelectasis.!

GENERAL POSITIONING

Proper positioning requires the cooperation of anesthesia 
providers, surgeons, and nurses to ensure patient well-
being and safety while permitting surgical exposure. 
Positioning also involves maintaining spine and extrem-
ity neutrality, proper padding, and securing the patient 
in order to prevent inadvertent changes in position. 
Patients often remain in the same position for long peri-
ods; therefore, prevention of positioning-related compli-
cations often requires compromise and judgment. During 
normal sleep we change positions, which prevents pro-
longed compression and excessive stretch. During anes-
thesia patients lose the ability to both sense injury and 
change position, increasing their risk for injury.2 Ideally, 
patients are placed in a surgical position that they can 
tolerate when awake. The duration of more extreme posi-
tions, when necessary, should be limited as much as pos-
sible. Tissues overlying all bony prominences, such as the 
heels and sacrum, must be padded to prevent soft tissue 
ischemia due to pressure. Maintaining neutrality of the 
patient’s spine and extremities prevents undue stretch.

Supine
The supine position, also called the dorsal decubitus position, 
is the most common position for surgery (Fig. 19.1A). In the 
classic supine position the head, neck, and spine all retain 
neutrality. One or both arms can be abducted or adducted 
alongside the patient. Arm abduction should be limited to 
less than 90 degrees in order to prevent brachial plexus 
injury from the head of the humerus pushing into the axilla.

Hands and forearms are either supinated or kept in a 
neutral position with the palm toward the body to reduce 
external pressure on the ulnar nerve (Fig. 19.1B). When 
the arms are adducted, they are usually held alongside 
the body with a “draw sheet” that passes under the body 
and over the arm and is then tucked directly under the 
torso (not the mattress) to ensure that the arm remains 
properly placed next to the body. The anesthesia provider 
should pad all bony prominences as well as stopcocks or 

intravenous lines that may exert pressure on the skin dur-
ing the operation (Fig. 19.1C).3

Variations of the Supine Position
Variations of the supine position are also frequently 
used such as the lawn-chair position, frog-leg position, 
and Trendelenburg positions. The lawn-chair position  
(Fig. 19.1D) flexes the hips and knees slightly, which 
reduces stress on the back, hips, and knees. This modified 
supine position is often better tolerated by patients who 
are awake or undergoing monitored anesthesia care. The 
legs are placed slightly above the level of the heart, which 
facilitates venous drainage from the lower extremities. 
Furthermore, the xiphoid to pubic distance is decreased, 
reducing tension on the abdominal musculature. Typically 
the back of the bed is raised, the legs below the knees are 
lowered to an equivalent angle, and a slight Trendelen-
burg tilt is used to level the hips with the shoulders.

The frog-leg position, in which the hips and knees are 
flexed and the hips are externally rotated with the soles 
of the feet facing each other, facilitates procedures to the 
perineum, medial thighs, genitalia, and rectum. The knees 
must be supported in order to minimize stress or disloca-
tion of the hips.

Tilting a supine patient head-down with the pubic 
symphysis as the highest part of the trunk is called the 
Trendelenburg position (Fig. 19.1E). It is named after a 
19th century German surgeon who first described its use 
for abdominal surgery. Walter Cannon, a Harvard physi-
ologist, is credited with popularizing the use of Trendelen-
burg positioning to improve hemodynamics for patients 
in hypovolemic shock during World War I. Trendelenburg 
positioning is commonly used today to increase venous 
return during hypotension, improve exposure during 
abdominal and laparoscopic surgery, and prevent air 
emboli during central line placement.

The Trendelenburg position does produce hemody-
namic and respiratory changes. Initially, placement of the 
patient head-down causes an autotransfusion from the 
legs with about a 9% from baseline increase in cardiac 
output in 1 minute. However, these changes are not sus-
tained and within 10 minutes many hemodynamic vari-
ables, including cardiac output, return to baseline values. 
Nevertheless, Trendelenburg positioning is still part of 
the initial resuscitative efforts to treat hypovolemia. The 
abdominal contents are displaced toward the diaphragm, 
which decreases FRC and can also decrease pulmonary 
compliance necessitating higher airway pressures dur-
ing mechanical ventilation. Intraocular pressure and 
intracranial pressure (ICP) can also increase. In patients 
with increased ICP and impaired cerebral autoregula-
tion, Trendelenburg positioning should be avoided. For 
patients receiving general anesthesia who will be placed 
in the Trendelenburg position, endotracheal intubation is 
strongly recommended over supraglottic airways because 
of the risk of pulmonary aspiration of gastric contents. 
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Prolonged head-down position can lead to swelling of the 
face, conjunctivae, larynx, and tongue with an increased 
potential for postoperative upper airway obstruction. An 
air leak should be verified around the endotracheal tube 
or the larynx visualized prior to extubation.4

When placing a patient in the Trendelenburg position, 
measures should be taken to ensure the patient does not slide 
or shift. Nonsliding mattresses are recommended to prevent 
the patient from sliding cephalad. Caution should be exerted 
when shoulder braces are used because of considerable risk 
of compression or stretch injury to the brachial plexus.

Conversely, the reverse Trendelenburg position (Fig. 
19.1E) tilts the supine patient upward so that the head 
is higher than any other part of the body. This position 

is most often used to facilitate upper abdominal surgery. 
Again, patients must be prevented from slipping on the 
table. Patients in reverse Trendelenburg, particularly those 
patients who are hypovolemic, are at risk for hypotension 
due to decreased venous return. Invasive arterial blood 
pressure monitoring should be calibrated (i.e., zeroed) at 
the level of the external auditory meatus in order to opti-
mize cerebral perfusion.!

Complications
Backache may occur in the supine position as the nor-
mal lumbar lordotic curvature is lost during general 
anesthesia with muscle relaxation or a neuraxial block-
ade. Consequently, patients with extensive kyphosis, 
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Fig. 19.1 (A) Supine positioning. Note the asymmetry of the base of the table, placing the patient’s center 
of gravity over the base if positioned in the usual direction. (B) Arm position on the arm board. Abduction 
of the arm should be limited to less than 90 degrees whenever possible. The arm is supinated, and the 
elbow is padded. (C) Arm tucked at patient’s side. Arm in neutral position with palm to hip. The elbow 
is padded, and one needs to ensure that the arm is supported. (D) Lawn-chair position. Flexion of the 
hips and knees decreases tension on the back. (E) Trendelenburg position (head tilted down) and reverse 
Trendelenburg position (head tilted up). Shoulder braces should be avoided to prevent brachial plexus 
compression injuries.  
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scoliosis, or a previous history of back pain may require 
extra padding of the spine or slight flexion at the hip 
and knee.

With obese patients, caution is advised when placing 
them in reverse axis on the operating room table (also see 
Chapter 29). The base of the operating room table is asym-
metric, with the torso usually over the foot of the table. 
However, patients are often positioned with the torso over 
the open side of the table to improve surgical access or 
to permit use of equipment such as C-arm x-ray devices. 
This places the heaviest portion of the body, and there-
fore the patient’s center of gravity, opposite the weighted 
foot of the table, with substantial leverage. The operat-
ing room table can tilt and tip over if sufficient weight 
is placed away from the base, particularly if extensions 
are used or the bed is tilted in the Trendelenburg posi-
tion. Operating room table weight limits should be strictly 
observed; they differ substantially with regard to normal 
and reverse positioning.!

Lithotomy
Lithotomy position (Fig. 19.2A to C) is frequently used 
during gynecologic, rectal, and urologic surgeries. The 
legs are abducted 30 to 45 degrees from the midline, 
the knees are flexed, and legs are held by supports. The 
patient’s hips are flexed to varying degrees depending 
upon the type of lithotomy required for the procedure; 
standard, low, or high lithotomy. Legs should be raised 
and lowered simultaneously in order to prevent spine tor-
sion. The lower extremities should be padded to prevent 
compression against the leg rests. The common peroneal 
nerve wraps around the head of the fibula on the lateral 
leg and is at significant risk of injury if insufficiently 
padded.

The foot section of the operating room table is low-
ered or taken away in order to facilitate the procedure. If 
the arms are on the operating table alongside the patient, 
the hands and fingers may lie near the open edge of the 

A B

C D

Incorrect 
hand position

Fig. 19.2 (A) Lithotomy position. Hips are flexed 80 to 100 degrees with the lower leg parallel to the body. 
Arms are on armrests away from the hinge point of the foot section. (B) Lithotomy position with “candy 
cane” supports. (C) Lithotomy position with correct position of “candy cane” stirrups away from lateral 
fibular head. (D) Improper position of arms in lithotomy position with fingers at risk for compression when 
the lower section of the bed is raised.  
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lowered section of the table. When the foot of the bed is 
raised again at the end of the procedure strict attention to 
the position of the hand must be paid to avoid a poten-
tially disastrous crush injury to the fingers (Fig. 19.2D). 
For this reason, positioning the arms on armrests far from 
the table hinge point is recommended at all times when 
patients are in the lithotomy position.

The lithotomy position causes some physiologic 
changes. When the legs are elevated, preload increases, 
causing a transient increase in cardiac output. In addi-
tion, the lithotomy position causes the abdominal viscera 
to displace the diaphragm cephalad, reducing lung com-
pliance and potentially resulting in a decreased tidal vol-
ume. Again, the normal lordotic curvature of the lumbar 
spine is lost in this position, potentially aggravating any 
previous lower back pain.

Lower extremity compartment syndrome is a rare but 
devastating complication associated with the lithotomy posi-
tion. It occurs when perfusion to an extremity is inadequate 
because of either restricted arterial flow (from leg elevation) 
or obstructed venous outflow (direct limb compression or 
excessive hip flexion). This results in ischemia, edema, and 
rhabdomyolysis from increased tissue pressure within a fas-
cial compartment. In a large retrospective review of 572,498 
surgeries, the incidence of compartment syndromes was 
higher in the lithotomy (1 in 8720) and lateral decubitus (1 
in 9711) positions as compared to the supine (1 in 92,441) 
position. Long surgical procedure time was the only distin-
guishing characteristic of the surgeries in which patients 
developed lower extremity compartment syndromes.5 In a 
retrospective multicenter review of 185 urologic patients 
who were placed in high lithotomy position, the overall 
complication rate due to positioning was 10%. Neurapraxia 
was the most common positioning-related complication (12 
of 18 patients). Two patients from this cohort had compart-
ment syndrome, and for both of these patients the time in 
high lithotomy exceeded 5 hours.6 Therefore, it is recom-
mended to periodically lower the legs to the level of the 
body if surgery extends beyond several hours.!

Lateral Decubitus
In the lateral decubitus position the patient lies on the non-
operative side in order to facilitate surgery in the thorax, 
retroperitoneum, or hip (Fig. 19.3A). The patient must be 
well secured to avoid falling or tilting forward to back-
ward. Often a beanbag or bedding rolls are used. A kidney 
rest is sometimes also used to help secure the patient.

The extremities must be carefully positioned in order 
to prevent injury. The dependent leg should be somewhat 
flexed. A pillow or other padding is generally placed 
between the knees with the dependent leg flexed to mini-
mize excessive pressure on bony prominences and stretch 
of lower extremity nerves. The dependent arm is placed 
in front of the patient on a padded arm board. The non-
dependent arm is often supported over folded bedding or 

suspended with an armrest or foam cradle (Fig. 19.3B). 
Neither arm should be abducted more than 90 degrees 
in order to prevent injury to the brachial plexus from 
the humeral head. Additionally, an axillary roll should be 
placed underneath the patient just caudal to the axilla, 
not placed in the axilla itself. The axillary roll prevents 
compression injury to the dependent brachial plexus and 
dependent axillary vascular structures (Fig. 19.3C). Some-
times an axillary roll is not used if an inflatable beanbag 
is being used for positioning; however, the team must 
ensure that there is no compression in the axilla. With 
invasive arterial monitoring consider placing the catheter 
in the dependent arm in order to detect positioning com-
pression of the axillary neurovascular structures.

The patient’s head must be kept in a neutral position to 
prevent excessive lateral rotation of the neck and stretch 
injuries to the brachial plexus. This positioning may 
require additional head support (Fig. 19.3B). The depen-
dent ear should be checked to avoid folding and undue 
pressure. The eyes should be securely taped before repo-
sitioning if the patient is asleep. The dependent eye must 
be checked frequently for external compression.

Lastly, the lateral decubitus position changes pulmo-
nary function. In a patient who is mechanically ventilated, 
the combination of the lateral weight of the mediastinum 
and disproportionate cephalad pressure of abdominal 
contents on the dependent diaphragm decreases compli-
ance of the dependent lung and favors ventilation of the 
nondependent lung. Simultaneously pulmonary blood 
flow to the dependent lung increases because of the effect 
of gravity. This causes ventilation-perfusion mismatching 
and can affect alveolar ventilation and gas exchange.!

Prone
The prone or ventral decubitus position (Fig. 19.4A) is 
used primarily for surgical access to the posterior fossa of 
the skull, the posterior spine, the buttocks and perirectal 
area, and the lower extremities. When general anesthesia 
is required in the prone position, endotracheal intubation, 
intravenous access, Foley catheter, and invasive hemody-
namic access should all be obtained in the supine position 
first while the patient is still on a gurney. Make sure all 
lines and tubes are very well secured to prevent dislodge-
ment during turning and to prevent tube migration dur-
ing the case.

Turning the patient from supine to prone requires coor-
dination of all operating room providers. The anesthe-
sia provider is primarily responsible for coordinating the 
move and for the repositioning of the head. An exception 
is in cases in which the head is placed in rigid pin fixa-
tion and the surgeon holds the pin frame. During the turn 
to prone, the head, neck, and spine are maintained in a 
neutral position. Some patients requiring prone position-
ing have unstable spines necessitating surgical operation. 
Also, strokes apparently can occur from presumed carotid 
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and vertebral artery injury during turning. For some cases 
when neuromonitoring will be used for the surgical proce-
dure “pre-flip,” baseline recordings are obtained prior to 
turning the patient prone for safety documentation.

In order to minimize risk of dislodgement, disconnect 
as many monitors and lines as is safe and possible before 
turning the patient from supine to the prone position. This 
is particularly helpful for lines and monitors on the side 
that rotates the furthest (the outside arm). Our practice 
is to disconnect the endotracheal tube during movement 
and to reconnect immediately upon prone positioning.

The position of the head is very important. In most cases, 
the head is maintained in a neutral position using a sur-
gical pillow, horseshoe headrest, or Mayfield rigid head 
pins. Several commercially available pillows are specially 
designed for the prone position. Most, including disposable 
foam versions, support the forehead, malar regions, and the 
chin with a cutout for the eyes, nose, and mouth. The prone 
position is a risk factor for perioperative visual loss, which 
is discussed in a separate section later in this chapter. Mirror 
systems are available to facilitate checking face positioning 

(Fig. 19.4B). The anesthesia provider must ensure that the 
eyes and nose are free from pressure and document these 
findings at regular intervals throughout the case. Facial 
pressure wounds are a complication of prone positioning. 
The horseshoe headrest supports only the forehead and 
malar regions and allows excellent access to the airway (Fig. 
19.4C and D). Rigid fixation pins support the head without 
any direct pressure on the face, allow access to the airway, 
and hold the head firmly in one position that can be finely 
adjusted for optimal neurosurgical exposure (Fig. 19.5A). 
Patient movement must be prevented when the head is held 
in rigid pins; slipping out of pins can result in scalp lacera-
tions, skull fractures, and even cervical spine injury.

The legs should be padded and flexed slightly at the 
knees and hips. Both arms may be positioned to the 
patient’s sides, tucked in the neutral position as described 
for the supine patient, or placed next to the patient’s head 
on arm boards. Again, the arms should not be abducted 
greater than 90 degrees to prevent excessive stretching of 
the brachial plexus. Extra padding under the elbow will 
be needed to prevent compression of the ulnar nerve.

Keep
axilla clearRoll

A

B C

Fig. 19.3 (A) Lateral decubitus position. Note flexion of the lower leg, padding between the legs, and 
proper support of both arms. (B) Lateral decubitus position showing placement of arms and head. Note 
additional padding under headrest to ensure alignment of head with spine. Headrest should be kept away 
from the dependent eye. (C) Use of axillary roll in lateral decubitus position. The roll, in this case a bag 
of intravenous fluid, is placed well away from the axilla to prevent compression of the axillary artery and 
brachial plexus.  
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Fig. 19.4 (A) Prone position with Wilson frame. Arms are abducted less than 90 degrees whenever possible. 
Pressure points are padded, and chest and abdomen are supported away from the bed to minimize abdomi-
nal pressure and preserve pulmonary compliance. Foam head pillow has cutouts for eyes and nose and a 
slot to permit the endotracheal tube to exit. Eyes must be checked frequently. (B) Mirror system for prone 
position. Bony structures of the head and face are supported, and monitoring of eyes and airway is facilitated 
with a plastic mirror. (C) Prone position with horseshoe adapter. Head height is adjusted to position neck in 
a neutral position. (D) Prone position, face seen from below. Horseshoe adapter permits superior access to 
airway and visualization of eyes. Width may be adjusted to ensure proper support by facial bones.  
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The abdomen should hang relatively freely for patients 
in the prone position. This alleviates external pressure on 
the abdomen, which can otherwise cause problems with 
ventilation and hypotension by compressing the inferior 
vena cava and reducing venous return. The thorax should 
be supported by firm rolls or bolsters placed along each 
side from the clavicle to the iliac crest. Multiple commer-
cial rolls and bolsters are available including the Wilson 
frame (Fig. 19.4A), Jackson table, Relton frame, and the 
Mouradian/Simmons modification of the Relton frame. 
All devices and special operating room tables for the 

prone position serve to minimize abdominal compression. 
To prevent tissue injury, pendulous structures (e.g., male 
genitalia and female breasts) should be clear of compres-
sion; the breasts should be placed medial to the bolsters. 
The lower portion of each roll or bolster must be placed 
under its respective iliac crest to prevent pressure injury 
to the genitalia and the femoral vasculature.

Similar to the supine position, hemodynamics are well 
maintained, and pulmonary function is actually supe-
rior to the supine position. The FRC is actually improved 
compared to the supine positioning, leading to improved 
oxygenation. For obese patients, pulmonary compliance 
is improved in the prone position with the abdomen 
hanging freely (also see Chapter 29). The prone position 
has been utilized to improve respiratory function and 
mortality rate in patients with adult respiratory distress 
syndrome.7

Proper prone positioning of patients relies on the table 
and headrest equipment. Horseshoe and rigid fixation pin 
headrests attach to adjustable articulating supports; any 
slippage or failure of this bracketing device may lead to 
complications if the head suddenly drops. Jackson tables 
can actually tilt or flip 180 degrees as a result of disen-
gagement of the turning locking mechanisms.!

Sitting
In the sitting position (Fig. 19.5B) the patient’s head and 
also the operative field are located above the level of 
the heart. Sitting position can provide excellent surgical 
exposure for some cervical spine and neurosurgical pro-
cedures, particularly of the posterior fossa and superior 
cervical spine. Blood loss may also be reduced owing to 
decreased venous pressure in the operative field.8 A vari-
ation of the sitting position, the “beach chair” position, 
has been increasingly used for shoulder surgeries includ-
ing arthroscopic procedures. This position offers access to 
the shoulder from both the anterior and posterior aspect, 
and potential for great mobility of the arm at the shoulder 
joint.

In the sitting position, the patient’s head must be ade-
quately fixed. This can be done either with a head strap, 
tape, or rigid fixation. The arms should be supported and 
padded. The anesthesia provider should ensure that the 
shoulders are even or very mildly elevated in order to 
avoid stretch injury between the neck and shoulders. The 
knees are usually slightly flexed for balance and to reduce 
stretching of the sciatic nerve, and the feet are also sup-
ported and padded.

The most significant complication from the sitting 
position is risk of venous air embolism (VAE). During 
intracranial procedures, a significant amount of air can 
be entrained through the open dural venous sinuses. Low 
venous pressure in the operative field creates a gradi-
ent for air entry into the venous system, similar to the 
risk of venous air entry during central line placement. 

A

B

Fig. 19.5 (A) Sitting position with Mayfield head pins. The patient 
is typically semirecumbent rather than sitting as the legs are kept 
as high as possible to promote venous return. Arms must be sup-
ported to prevent shoulder traction. Note that the head holder 
support is preferably attached to the back section rather than the 
thigh section of the table so that the patient’s back may be ad-
justed or lowered emergently without first detaching the head 
holder. (B) Sitting position adapted for shoulder surgery. Note the 
absence of pressure over the ulnar area of the elbow.  
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The important fear is the occurrence of a paradoxical 
air embolism. Patients undergoing planned surgery in 
the sitting position should be first evaluated to rule-out 
anatomic intracardiac shunts. If an intracardiac shunt is 
present, even small amounts of entrained venous air may 
result in a stroke or myocardial infarction. Transesopha-
geal echocardiography (TEE) has shown some degree of 
venous air in most patients undergoing neurosurgery 
in the sitting position even as high as 100%. Clinically 
significant VAE has a much smaller incidence of 0.5% 
to 3%.8,9 Currently TEE is the gold standard for detec-
tion of intracardiac shunts. Even with screening, con-
trast echocardiography septal patency may not always 
be detected. A recent meta-analysis assessing accuracy 
of TEE for detection of intracardiac shunts compared 
to autopsy, cardiac catheterization, or surgery found a 
sensitivity of 89% and specificity of 91% for TEE. Other 
means of evaluating for intracardiac shunts include 
transthoracic echocardiography (TTE) and transcranial 
Doppler (TCD). Recent studies comparing TTE or TCD to 
TEE reveal sensitivities and specificities of 46% and 99% 
for TTE and 97% and 93% for TCD, respectively.9-12 Other 
complications of VAE include arrhythmias, acute pulmo-
nary hypertension, and circulatory collapse. Preoperative 
diagnosis of an intracardiac shunt is a contraindication 
to surgery in the sitting position. With adequate intra-
vascular volume, the use of intraoperative TEE or pre-
cordial Doppler ultrasound may aid in early detection of 
entrained air.13

Patients are at risk for hypotension from pooling 
of blood in the lower body. The lower extremities are 
often wrapped in Ace bandages or compression stock-
ings. Intravenous fluids and vasopressors are usually 
required in order to raise mean arterial pressure. Inva-
sive arterial blood pressure monitoring is recommended 
for these cases and should be measured at the level of 
the external auditory meatus in order to optimize cere-
bral perfusion pressure. Central venous catheter (CVC) 
access is also recommended for these cases. Long-arm 
CVCs provide intravenous access without being near 
the surgical field. Multiorifice CVCs offer an advantage 
over conventional CVCs for improved aspiration of air 
should a VAE occur.

Pneumocephalus occurs in almost all patients under-
going cervical spine or posterior fossa surgery in the 
sitting position if diagnosed on postoperative imaging. 
Clinically significant pneumocephalus is more rare and 
occurs because of the lower pressure of cerebrospinal 
fluid in the sitting position. Symptomatic patients may 
experience headache, confusion, seizures, or even tem-
porary hemiparesis. Patients experiencing any of these 
symptoms need to also be evaluated to rule out other 
postoperative complications, such as intravascular bleed-
ing or stroke. Complications from head and neck posi-
tioning are also a risk of the sitting position. Excessive 
flexion of the cervical spine can impede cerebral venous 

outflow contributing to swelling and can also impede 
cerebral arterial inflow causing hypoperfusion of the 
brain. Macroglossia can also occur with excessive neck 
flexion. TEE monitoring combined with neck flexion can 
cause compression of laryngeal structures and the tongue. 
A minimum distance of two fingerbreadths between the 
mandible and the sternum is recommended for a normal-
sized adult in order to prevent these complications. If 
preoperative examination reveals that the patient has a 
further decreased range of motion, then intraoperative 
positioning should not extend beyond the patient’s nor-
mal limitations.14!

POSITIONING FOR ROBOTIC SURGERY

Robotic surgery came into use around 1999 and has 
quickly become the norm for many urologic operations 
as well as in gynecologic surgery where it is also dra-
matically increasing.12,13,15,16 For surgeons, robotic sur-
gery offers advantages regarding range of motion and 
accuracy of laparoscopic instrumentation. However, 
robotic surgery does introduce some new positioning 
challenges. Robotic surgery is generally performed with 
the patient in steep Trendelenburg (30 to 45 degrees) 
and lithotomy with arms tucked in neutral position 
bilaterally to the sides. The patient must be very well 
secured in order to avoid slipping in steep Trendelen-
burg position.

Many medical institutions use a nonslip mattress (such 
as a bean bag and foam) on the bed. In order to better 
secure the patient, the chest straps are placed in an X con-
figuration over the chest. Use of shoulder braces can also 
help, although there are case reports of brachial plexus 
injuries because of stretch between the shoulder and neck. 
If shoulder braces are employed, monitor for excessive 
stretch at the patient’s neck. The endotracheal tube should 
be well secured to avoid migration. Often a metal tray or 
table is placed above the patient’s face in order to provide 
protection from laparoscopic equipment.14-19

Once the robot is docked, direct access to the patient 
is limited. The anesthesia provider should place all moni-
tors, intravenous lines, and invasive lines that might be 
required during the case prior to docking the robot. It 
is prudent to perform a test by placing the patient in 
steep Trendelenburg position prior to docking the robot 
to ensure that the patient is properly positioned and 
does not slip, and to ensure that the patient can toler-
ate steep Trendelenburg positioning from a physiologic 
standpoint.

Physiologic changes during robotic surgery are due 
to both laparoscopic insufflation as well as the steep 
Trendelenburg positioning. Hemodynamic changes 
are largely due to laparoscopic insufflation, whereas 
changes in respiratory mechanics are also affected 
by positioning. FRC decreases with laparoscopy and 
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the addition of steep Trendelenburg, which further 
decreases it. This is due to the combination of pressures 
of abdominal contents from laparoscopy and Tren-
delenburg pushing up on the diaphragm. It can also be 
worsened by chest fixation that is applied to prevent 
the patient from slipping off the table. Peak and pla-
teau airway pressures have been shown to rise as much 
as 50%. Between changes in pulmonary compliance, 
decreased FRC, and the need for increased minute ven-
tilation with carbon dioxide insufflation, intraopera-
tive mechanical ventilation can be quite challenging 
during these cases.14-20

Other complications from robotic laparoscopic surger-
ies include laryngeal edema and optic neuropathy. Con-
sider checking for airway leak at the start and at the end 
of the surgical procedure prior to extubation.!

PRESSURE INJURIES

Pressure injuries are due to prolonged pressure that 
inhibits capillary blood flow over a bony prominence. In 
animal models, damage has been shown to start within 
2 hours with 70 mm Hg force. Classification of pres-
sure ulcers is according to the consensus panel from the 
National Pressure Sore Advisory Panel. Stages range 
from intact, nonblanchable erythema (stage 1) to full-
thickness tissue loss (stage 4). Muscle damage occurs 
before skin and subcutaneous tissue damage and is likely 
due to increased oxygen requirements of muscle. In the 
supine position, areas most at risk include the sacrum, 
heels, and occiput. In the prone position, the chest and 
knees are at the most frequent risk for pressure injury 
and in the sitting position, the ischial tuberosities are at 
the most frequent risk.18,21

Most intraoperative pressure injuries (>80%) are dis-
covered within 72 hours of surgery and occur most often 
in operations lasting more than 3 hours. The longer the 
surgery the higher the incidence of pressure injury. Car-
diac, thoracic, orthopedic, and vascular patients had the 
highest incidences.

Aside from pressure injuries over bony prominences, 
pressure injuries in the lips, tongue, and nasal alae can 
occur from endotracheal tubes, nasogastric tubes, and 
other medical devices. One should ensure that pressure 
from medical devices is minimized. This is particularly 
important during hypotension or hypothermia when the 
tissue is more vulnerable to pressure-induced injuries.!

BITE INJURIES

Transcranial motor-evoked potentials (Tc-MEPs) are 
becoming more commonly used for both spine surgi-
cal procedures and neurosurgical procedures. Tc-MEPs 
involve contraction of the temporalis and masseter 

muscle, which has been implicated in tongue, lip, and 
even tooth injuries because of biting motion. A retro-
spective review of over 17,000 cases employing Tc-MEPs 
found an overall incidence of 0.14% and the tongue was 
most frequently injured ("80% of all associated inju-
ries).19,22 Severity of injury ranged from minor bruising 
to the necessity of laceration repair by suture in 25 of 
111 patients. Some medical institutions use bite blocks 
between the right and left molars (“double-bite blocks”) 
for these cases in order to prevent these injuries. Even 
so, approximately 50% of injured patients did have dou-
ble-bite blocks in place. There are commercial devices 
available, but they often are of questionable additional 
benefit.!

PERIPHERAL NERVE INJURIES

Peripheral nerve injury remains a serious perioperative 
complication and a significant source of professional lia-
bility despite its low incidence. The incidence of periph-
eral nerve injury is between 0.03% to 0.11%, according to 
the American Society of Anesthesiologists (ASA) Closed 
Claims Project database. Peripheral nerve injuries repre-
sented 22% of all claims. Injuries occur when peripheral 
nerves are subjected to compression, stretch, ischemia, 
metabolic derangement, and direct trauma/laceration 
during surgery.23 Because sensation is blocked by uncon-
sciousness or regional anesthesia, early warning symp-
toms of pain with normal spontaneous repositioning are 
absent.1,20,24

Peripheral nerve injury is a complex phenomenon 
with a multifactorial cause. The ASA released an updated 
practice advisory in 2010 to help prevent periopera-
tive neuropathies (Box 19.1). Ulnar neuropathy is the 
most common lesion representing 28% of all peripheral 
nerve injury claims, followed by injury to the brachial 
plexus (20%), lumbosacral nerve root (16%), and spinal 
cord (13%) (Table 19.1). Interestingly the distribution of 
nerve injury claims has changed over time. Ulnar neu-
ropathy decreased from 37% in 1980 to 1984 to 17% in 
the 1990s, and spinal cord injury increased from 8% in 
1980 to 1984 to 27% in the 1990s. Spinal cord injury and 
lumbosacral nerve root neuropathy were predominantly 
associated with regional anesthesia. Epidural hematoma 
and chemical injury represented 29% of the known 
mechanisms of injury among the claims filed. The inju-
ries were probably related to the use of neuraxial block in 
patients who are receiving anticoagulation drugs and the 
increased usage of blocks for chronic pain management 
(Table 19.2).1,21,25,26

There is no direct evidence that positioning or pad-
ding alone can prevent perioperative neuropathies. 
Most injuries, particularly injuries to nerves of the upper 
extremity such as the ulnar nerve and brachial plexus, 
occurred in the presence of adequate positioning and 
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padding. Stretch injuries in peripheral nerves are due 
to compromise of the vascular plexus (vasa nervorum) 
that runs alongside supplying these nerves. This can 
be due to either an obstruction in venous outflow or 
an obstruction to arterial inflow. Compression injuries 
can manifest in several different ways. Neurapraxia is 
caused by a relatively short ischemia time and usually 
causes only a transient dysfunction. Axonotmesis is a 
demyelinating injury. Neurotmesis is due to a severed 
or disrupted nerve and usually deficits are permanent.2

Because the cause of peripheral nerve injuries is often 
not clear, identification of modifiable factors for preven-
tion is difficult to ascertain. Generally, maintaining neu-
tral positioning as much as possible is advised. Stretch, 

overflexion, and overextension should all be avoided. 
Superficial nerves, especially near bony prominences, 
should be padded (common peroneal at fibular head, 
ulnar nerve at elbow). Padding and support should dis-
tribute weight as evenly as possible. Ensure that equip-
ment (such as laparoscopic equipment, C-arms, and 
other x-ray equipment) is never resting directly on the 
patient.

In a retrospective study of 1000 consecutive spine sur-
geries that used somatosensory evoked potential (SSEP) 
monitoring, five arm positions were compared with 
regard to SSEP changes in the upper extremities. A modi-
fication of arm position reversed 92% of upper extremity 
SSEP changes. The incidence of position-related upper 

I. Preoperative History and Physical Assessment
 •  When judged appropriate, it is helpful to ascertain that 

patients can comfortably tolerate the anticipated operative 
position.

 •  Body habitus, preexisting neurologic symptoms, diabetes 
mellitus, peripheral vascular disease, alcohol dependency, 
arthritis, and gender (e.g., male gender and its association 
with ulnar neuropathy) are important elements of a preop-
erative history.!

II. Positioning Strategies for the Upper Extremities
 •  Arm abduction in supine patients should be limited to 90 

degrees. Patients who are positioned prone may comfortably 
tolerate arm abduction greater than 90 degrees.

 •  Supine Patient With Arm on an Arm Board: The upper ex-
tremity should be positioned to decrease pressure on the 
postcondylar groove of the humerus (ulnar groove). Either 
supination or the neutral forearm positions facilitates this 
action.

 •  Supine Patient With Arms Tucked at Side: The forearm 
should be in a neutral position. Flexion of the elbow may 
increase the risk of ulnar neuropathy, but there is no 
consensus on an acceptable degree of flexion during the 
perioperative period. Prolonged pressure on the radial 
nerve in the spiral groove of the humerus should be 
avoided. Extension of the elbow beyond the range that 
is comfortable during the preoperative assessment may 
stretch the median nerve. Periodic perioperative assess-
ments may ensure maintenance of the desired position.!

III. Specific Positioning Strategies for the Lower  
Extremities
 •  Stretching of the Hamstring Muscle Group: Positions that 

stretch the hamstring muscle group beyond the range that 
is comfortable during the preoperative assessment may 
stretch the sciatic nerve.

 •  Limiting Hip Flexion: Because the sciatic nerve or its branches 
cross both the hip and the knee joints, extension and flexion 

of these joints, respectively, should be considered when 
determining the degree of hip flexion. Neither extension nor 
flexion of the hip increases the risk of femoral neuropathy. 
Prolonged pressure on the peroneal nerve at the fibular head 
should be avoided.!

IV. Protective Padding
 •  Padded Arm Boards: Padded arm boards may decrease the 

risk of upper extremity neuropathy
 •  Chest Rolls: The use of chest rolls in the laterally positioned 

patient may decrease the risk of upper extremity neuropathy.
 •  Padding at the Elbow: Padding at the elbow may decrease 

the risk of upper extremity neuropathy.
 •  Padding to Protect the Peroneal (Fibular) Nerve: The use 

of specific padding to prevent pressure of a hard surface 
against the peroneal nerve at the fibular head may decrease 
the risk of peroneal neuropathy.

 •  Complications From the Use of Padding: The inappropriate use 
of padding (e.g., padding too tight) may increase the risk of 
perioperative neuropathy.!

V. Equipment
The use of properly functioning automated blood pressure cu!s 
on the arm (i.e., placed above the antecubital fossa) does not 
change the risk of upper extremity neuropathy. The use of shoul-
der braces in a steep head-down position may increase the risk of 
perioperative neuropathies.!
VI. Postoperative Assessment
A simple postoperative assessment of extremity nerve function 
may lead to early recognition of peripheral neuropathies.!
VII. Documentation
Documentation of specific perioperative positioning actions may 
be useful for continuous improvement processes and may result 
in improvements by helping practitioners focus attention on rel-
evant aspects of patient positioning and providing information 
on positioning strategies that eventually leads to improvements 
in patient care.

Box 19.1 An Updated Report by the American Society of Anesthesiologists Task Force on Prevention of Perioperative 
Peripheral Neuropathies

From American Society of Anesthesiologists Task Force on Prevention of Perioperative Peripheral Neuropathies. Practice advisory for the preven-
tion of perioperative peripheral neuropathies: an updated report by the American Society of Anesthesiologists Task Force on Prevention of Periop-
erative Peripheral Neuropathies. Anesthesiology. 2011;114(4):741-754.
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   Table 19.1    Nerve Injury Claims in the American Society of Anesthesiologists Closed Claims Project Database

Distribution of Claims for Nerve Injury

Nerve

Number of Claims in 
Current Database  
(N = 4183)

Percentage of  
Total (N = 670)

Number of Claims 
Since 1990 Report

Percentage of Total 
Since 1990 (N = 445)

Ulnar 190 28 113 25

Brachial plexus 137 20 83 19

Lumbosacral nerve root 105 16 67 15

Spinal cord 84 13 73 16

Sciatica 34 5 23 5

Median 28 4 19 4

Radial 18 3 13 3

Femoral 15 2 9 2

Other single nerves 43 6 35 8

Multiple nerves 16 2 10 2

Total 670 100 445 100

aIncludes peroneal nerve.
From Cheney FW, Domino KB, Caplan RA, Posner KL. Nerve injury associated with anesthesia: a closed claims analysis. Anesthesiology. 
1999;90(4):1062-1069.

   Table 19.2    Most Common Nerve Injuries in American Society of Anesthesiologists Closed Claims Project Database  
A"er 1990

Nerve Injury Recommendations for Prevention

Ulnar nerve 
(25%)

Avoid excessive pressure on the postcondylar groove of the humerus.
Keep the hand and forearm either supinated or in a neutral position.

Brachial plexus (19%) Avoid the use of shoulder braces in patients in the Trendelenburg position (use nonsliding  
mattresses).
Avoid excessive lateral rotation of the head either in the supine or prone position.
Limit abduction of the arm to less than 90 degrees in the supine position.
Avoid the placement of high “axillary” roll in the decubitus position—keep the roll out of the axilla.
Use ultrasound imaging to find the internal jugular vein for central line placement.

Spinal cord (16%) and lum-
bosacral nerve root (15%)

Be aware that the fraction of spinal cord injuries is increasing, probably in relation to use of epi-
dural catheters for pain management.
Follow current guidelines for regional anesthesia in anticoagulated patients.

Sciatic and peroneal (5%) 
nerves

Minimize time of surgery in the lithotomy position.
Use two assistants to coordinate the simultaneous movement of both legs to and from the 
lithotomy position.
Avoid excessive flexion of the hips, extension of the knees, or torsion of the lumbar spine.
Avoid excessive pressure on peroneal nerve at the fibular head.

Median (4%) and radial (3%) 
nerves

Be aware that 25% of injuries to the median and radial nerves were associated with axillary block, 
and 25% of injuries were associated with traumatic insertion or infiltration of an intravenous line.

From Cheney FW, Domino KB, Caplan RA, Posner KL. Nerve injury associated with anesthesia: a closed claims analysis. Anesthesiology. 
1999;90(4):1062-1069; Cheney FW. The American Society of Anesthesiologists Closed Claims Project: what have we learned, how has it a!ected 
practice, and how will it a!ect practice in the future? Anesthesiology. 1999;91(2):552-556.
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extremity SSEP changes was significantly more frequent 
in the prone “superman” (7%) and lateral decubitus (7.5%) 
positions compared with the supine arms out, supine arms 
tucked, and prone arms tucked positions (1.8% to 3.2%). 
Reversible SSEP changes were not associated with post-
operative deficits.22,27

Ulnar Nerve
The incidence of ulnar neuropathy from intraoperative 
positioning is low, but the degree of morbidity can be 
severe. Ulnar deficits result in the inability to abduct the 
fifth finger and cause decreased sensation to the fourth 
and fifth fingers giving the appearance of a “claw” hand.

Multiple studies have attempted to elucidate causes 
and risk factors for ulnar neuropathy. In a large ret-
rospective review of perioperative ulnar neuropathy 
lasting longer than 3 months, risk factors were patients 
who were either very thin or obese and those with pro-
longed postoperative bed rest. In this study there was 
no association with intraoperative patient position or 
anesthetic technique. In the ASA Closed Claims Project 
database, diabetes, alcoholism, cigarette smoking, and 
cancer were found to be risk factors. In this study 9% of 
ulnar injury claims had an explicit mechanism of injury, 
and in 27% of claims, the padding of the elbows was 
explicitly stated.1,23,28!

Brachial Plexus
The brachial plexus is susceptible to injury from 
stretching and compression because of its superfi-
cial course in the axilla and proximity to the humeral 
head. Motor and sensory deficits are wide ranging, 
although sensory deficits in the ulnar nerve distribu-
tion are common. Injury is most commonly associated 
with arm abduction more than 90 degrees, lateral rota-
tion of the head, asymmetric retraction of the sternum 
for internal mammary artery dissection during cardiac 
surgery, and direct trauma. In cardiac surgery patients 
requiring median sternotomy, brachial plexus injury 
has been specifically associated with the C8-T1 nerve 
roots. Patients should be positioned with the head mid-
line, arms kept at the sides, the elbows mildly flexed, 
and the forearms supinated.!

Other Upper Extremity Nerves
Isolated injuries to the radial and median nerves are rare. 
Injury to the radial nerve can cause wrist drop, the inabil-
ity to abduct the thumb, and the inability to extend the 
fingers from the metacarpophalangeal joints. The most 
superficial portion of the radial nerve is in the lower one 
third of the upper arm where the nerve goes across the 
spiral groove of the humerus. The median nerve is rela-
tively protected with its most vulnerable location being 

in the antecubital fossa adjacent to veins used for intra-
venous access.!

Lower Extremity Nerves
Injuries to the sciatic and common peroneal nerves occur 
most often in the lithotomy position. The sciatic nerve 
can be injured with stretch from external rotation of the 
leg and also from hyperflexion at the hip. As previously 
mentioned, the common peroneal nerve is most at risk for 
injury as it wraps around the head of the fibula. Injury to 
the common peroneal nerve can cause footdrop, inversion 
of the foot, and sensory deficit. A femoral neuropathy 
will present with decreased flexion of the hip, decreased 
extension of the knee, or a loss of sensation over the 
superior aspect of the thigh and medial/anteromedial side 
of the leg. The obturator nerve can be injured during a 
difficult forceps delivery, in the lithotomy position, or by 
excessive flexion of the thigh to the groin. An obturator 
neuropathy will present with inability to adduct the leg 
and decreased sensation over the medial thigh. A cadav-
eric study revealed that abduction of the hips of greater 
than 30 degrees puts significant strain on the obturator 
nerve. This strain was significantly reduced or eliminated 
by adding at least 45 degrees of hip flexion.24,29

According to a prospective study of close to 1000 
patients the overall incidence of nerve injury in the lithot-
omy position is 1.5%. The obturator nerve was most fre-
quently injured, followed closely by the lateral femoral 
cutaneous nerve, as well as sciatic and peroneal nerves. 
Neuropathy was evident within 4 hours of the surgical end 
time. Symptoms were paresthesias and pain, and interest-
ingly no motor weakness was found in this study. Length 
of surgery greater than 2 hours was the only risk factor 
found in this study.25,30 For 14 of 15 patients with nerve 
injury the symptoms resolved within 4 months of surgery. 
In a previous retrospective study, the same authors found 
the incidence of severe motor disability in patients under-
going surgery in the lithotomy position to be 1 in 3608, 
and in this study the lateral femoral cutaneous nerve was 
the most common motor neuropathy from lithotomy.27,31!

EVALUATION AND TREATMENT OF 
PERIOPERATIVE NEUROPATHIES

When a nerve injury becomes apparent postoperatively, it 
is essential that a directed physical examination be per-
formed to correlate and document the extent of sensory 
or motor deficits with the preoperative examination as 
well as any intraoperative events. A neurologic consulta-
tion can help define the neurogenic basis, localize the 
site of the lesion, and determine the severity of injury 
for guiding prognostication. With proper diagnosis and 
management, most injuries resolve, but months to years 
may be required.
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Most sensory neuropathies are generally transient 
and require only reassurance to the patient with follow-
up, whereas most motor neuropathies include demyelin-
ation of peripheral fibers of a nerve trunk (neurapraxia) 
and generally take 4 to 6 weeks for recovery. Injury to 
the axon within an intact nerve sheath (axonotmesis) 
or complete nerve disruption (neurotmesis) can cause 
severe pain and disability. When reversible, recovery 
often takes 3 to 12 months. Interim physical therapy 
is recommended to prevent contractures and muscle 
atrophy.

If a new sensory or motor deficit is found postopera-
tively, electrophysiologic evaluation by a neurologist 
within the first week may provide useful information 
concerning the characteristic and temporal pattern of 
the injury. However, another examination after 4 weeks 
when enough time has elapsed for the electrophysi-
ologic changes to evolve will provide more definitive 
information about the site, nature, and severity of 
the nerve injury. Regardless, electrophysiologic test-
ing must be interpreted within the clinical content for 
which it was obtained. No single test can define the 
cause of injury.!

PERIOPERATIVE EYE INJURY AND VISUAL 
LOSS

The incidence of perioperative eye injuries is approxi-
mately 0.05%, and they account for 3% of claims in the 
ASA Closed Claims Project database (also see Chapter 31). 
Greater monetary settlements were associated with ocular 
injuries as compared to nonocular injuries. Perioperative 
eye injuries include corneal abrasions and postoperative 
vision loss (POVL).1,28,32

Corneal abrasions are by far the most common type 
of perioperative ocular injury with an incidence of 0.11% 
in a recent study.33 During general anesthesia the natural 
lid reflex is abolished and tear production is decreased, 
which place the cornea at risk. Symptoms most commonly 
manifest as sensation of a foreign body in the eye upon 
awakening from anesthesia, photophobia, blurry vision, 
and erythema. Risk factors include increased age, length 
of surgery, prone position, Trendelenburg position, and 
supplemental oxygen delivery in the postanesthesia care 
unit.33 Precautionary measures to reduce the incidence of 
corneal abrasion include early and careful taping of the 
eyelids following induction of anesthesia, care regarding 
dangling objects when leaning over patients, and close 
observation as patients awaken. Ophthalmic ointments 
may add an additional layer of protection and combat 
dry eye. Patients often try to rub their eyes or nose with 
pulse oximeter probes, arm boards, and intravenous lines 
attached before they are fully awake.

POVL is a devastating complication that has been 
associated with specific surgeries and patient risk 

factors. The incidence varies and is the lowest for non-
cardic surgery and ranges up to 0.09% for patients 
undergoing spine surgery in the prone position.28,32 
Ischemic optic neuropathy (ION) and to a lesser extent 
central retinal arterial occlusion from direct reti-
nal pressure are the conditions most cited as poten-
tial causes. Perioperative factors associated with an 
increased risk of ION include prolonged hypotension, 
long duration of surgery, large blood loss, large crys-
talloid use, anemia or hemodilution, and increased 
intraocular or venous pressure from the prone position. 
Patient risk factors associated with ION include hyper-
tension, diabetes, atherosclerosis, morbid obesity, and 
tobacco use. However, with the exception of obvious 
external compression of the eyes, the cause of POVL 
appears to be multifactorial in nature with no consis-
tent underlying mechanism.30,34

In 1999, the ASA Committee on Professional Liabil-
ity established the ASA Postoperative Visual Loss Reg-
istry to better understand the complication. By 2005, 
131 cases were reported to the registry; 73% of these 
reported cases involved patients undergoing spine sur-
geries and 9% involved cardiac surgery. Of 93 patients 
with POVL following prone spine surgery, Lee and 
associates reported that 89% were diagnosed with ION, 
predominantly posterior, and 11% with central retinal 
artery occlusion (CRAO). In patients who were diagnosed 
with ION, 66% had documented bilateral involvement, 
of which 42% had eventual improvement in vision 
although often clinically insignificant. Compared to 
CRAO, patients with ION had significantly higher anes-
thetic duration (9.8 ± 3.1 vs. 6.5 ± 2.2 hours), estimated 
blood loss (median 2 vs. 0.75 L), and crystalloid infusion 
(9.7 ± 4.7 vs. 4.6 ± 1.7 L). Patients with ION were also 
relatively healthy (64% ASA I and II), and 72% were 
male. In 2006, the ASA issued a practice advisory for 
perioperative visual loss associated with spine surgery 
(also see Chapter 32). Unfortunately, no definite recom-
mendations were made concerning the issue of induced 
hypotension, use of vasopressors, or transfusion thresh-
old owing to the multifactorial nature and the low inci-
dence of the injury. Despite a lack of direct evidence, 
several suggestions were made for high-risk patients 
undergoing complex spine surgery.31,32,35,36

Until the causative factors of this devastating type 
of injury are better defined, patient management strate-
gies will continue to be debated. With regard to patient 
positioning, the anesthesia provider should be aware that 
intraocular pressures are increased in the dependent eye 
in the lateral position and both eyes in the prone posi-
tion in the absence of any external pressure. Eye checks 
should be frequently performed and documented. Time 
in the prone position should be limited whenever pos-
sible. Fortunately, in a retrospective review of 5.6 million 
patients in the National (Nationwide) Inpatient Sample, 
the largest United States all-payer hospital inpatient 
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care database, the rate of POVL decreased from 1996 to 
2005, perhaps because of an increase in awareness of this 
complication.33,37!

ANESTHESIA OUTSIDE THE OPERATING 
ROOM

Anesthesia care providers are increasingly involved 
with procedures performed in remote locations such as 
for gastrointestinal endoscopy, cardiac catheterization, 
interventional radiology, neuroradiology, magnetic reso-
nance imaging/computed tomography, and office-based 
procedures (also see Chapter 38). Vigilance is particu-
larly important outside the operating room to maintain 
patient safety because of the less familiar environment, 
relative lack of positioning equipment, and variability in 
staff and nursing training with regard to patient posi-
tioning. For example, many locations do not routinely 
have safety straps or arm supports available. In some 
settings, such as magnetic resonance imaging, radia-
tion therapy, and computed tomography, the anesthesia 
provider is not continuously in direct proximity to the 
patient. In such an environment, where practice pat-
terns have often evolved in the context of nonanesthe-
tized patients, the anesthesia provider will be primarily 
responsible for verifying the safety of each patient’s 
position and for implementing guidelines for patients 
receiving anesthesia.!

CONCLUSION

The positioning of patients under anesthesia care is an 
essential aspect of intraoperative care. Each position has 

different physiologic effects on ventilation and circula-
tion. Despite provider awareness, position-related com-
plications including peripheral nerve injuries continue 
to remain a significant source of patient morbidity. 
The entire operative team, including anesthesia provid-
ers, must work together when positioning each patient 
to ensure the patient’s comfort and safety in addition to 
the desired surgical exposure. Ideally, the final position 
should appear natural: a position that the patient would 
comfortably tolerate if awake and not sedated for the 
anticipated duration of the procedure.!

QUESTIONS OF THE DAY

 1.  What are the physiologic effects of the Trendelenburg 
position after 1 minute? After 10 minutes? What are 
the long-term complications of prolonged Trendelen-
burg position (>2 hours)?

 2.  What are the risks of the lithotomy position? What 
steps can be taken to reduce the risks?

 3.  A patient is placed in the lateral decubitus position. 
How can the risk of axillary neurovascular compres-
sion be reduced?

 4.  What factors contribute to the risk of postoperative 
visual loss during spine surgery in the prone position? 
What is the most important factor?

 5.  What are the clinical manifestations of venous air 
embolism (VAE) in the sitting position? Which moni-
tors are the most sensitive for detection of VAE?

 6.  What positioning strategies should be used for the 
upper extremities in order to reduce the risk of peri-
operative peripheral neuropathy? What positioning 
strategies should be used for the lower extremities to 
reduce the risk of neuropathy?
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