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Ke y Points
1 Sedated or anesthetized patients should be placed in positions
that are comfortable while they are awake.
2 Padding provided by any number of different materials (e.g.,
gel or foam pads, blankets) should be used to widely disperse
point pressure on body parts and soft tissues.
3 The etiologies of peripheral neuropathies are often not clear.
While there are potential anatomic and neurophysiologic
reasons, recent data suggest that general inlammatory
reactions may be important etiologic factors.

4 Positioning-related perioperative vision loss has been
catastrophic for patients undergoing extensive spine procedures
while positioned prone. Recent data suggest that it may be
related to venous congestion in the optic canal. Measures to
reduce the frequency and severity of this problem are presented.
5 Excessive lexion or extension of the spine in anesthetized
patients who are placed in unique surgical positions may
contribute to spinal cord ischemia and catastrophic neurologic
damage.

Mult imedia
1 Brachial Plexus Injury

4 Ventilation and Perfusion in the Lateral Position

2 Upper Extremity Neuropathy

5 Prone Position Facial

3 Ulnar Nerve Compression

6 Prone Position

1 Positioning a patient for a surgical procedure is frequently a
compromise between what the anesthetized patient can tolerate,
both structurally and physiologically, and what the surgical team
requires for access to its anatomic target. Establishment of the
intended surgical posture may need to be modiied to match the
patient’s tolerance. This chapter presents the signiicance of various positions in which a patient may be placed during an operation, briely describes the techniques of establishing the positions,

and discusses the potential complications of each posture. It also
will present recent data that suggest perioperative inlammatory
responses to play an important role in the development of peripheral and, potentially, central neuropathies.
It is very important for clinicians to understand the physiologic and potential pathologic consequences of patient positioning. A number of studies of large surgical populations have
provided information on the frequency and natural history of rare
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perioperative events such as neuropathies and vision loss. However, these studies frequently have provided insuficient data to
allow speculation as to potential mechanisms of injury. Based on
the indings of these studies, investigators are seeking to conirm
mechanisms of injury and the eficacy of novel interventions to
decrease the frequency of these perioperative events. Until these
investigations are complete, the etiologic mechanisms for many
potential positioning-related complications remain unknown.
The lack of solid scientiic information on basic mechanisms
of positioning-related complications often leads to medicolegal entanglements. Notations on anesthesia and operating room
records may be absent or uninformative. Careful descriptive notations about positions used during anesthesia and surgery, as well as
brief comments about special protective measures such as eye care
and pressure-point padding, are useful to include on the anesthesia
record. In potentially complicated or contentious circumstances,
a separate brief description of care documented in the patient’s
record is advisable. Only in this manner can subsequent inquiries
be properly answered on behalf of either the patient or the anesthesiologist. When credible, expanded knowledge that further delineates mechanisms of positioning-related complications is available,
these issues and the care of patients will be improved.

Positioning can, of course, cause tissue damage. Stretch of
neural tissue may be an important factor in the development of
peripheral and central neuropathies. Stretch of many mammalian
nerves to 5% greater than their normal resting length has been
shown repeatedly to lead to ischemia by reducing both arteriole
and venule blood low. The kinking of the arterioles and venules
associated with neuronal stretch leads to ischemia. If the ischemia is
prolonged, it may result in permanent neural damage. The impact
of stretch on other soft tissues is less well documented and would
be highly dependent on the type of tissue and amount of stretch.
Point pressure on any soft tissue may reduce local blood low
and cause ischemia. There are many ways to reduce point pressure, but the most commonly used involve padding. While there
may be distinct differences in mechanical properties of various
padding materials (e.g., gels, foam, textiles, and others), none
have been proven to be signiicantly better than the others in
reducing the frequency or severity of nerve or soft tissue damage
perioperatively. The basic principle is to use any of these materials
to protect nerves and soft tissues from point pressure.

General PrinciPles

Variations of Supine Positions

2 Without doubt, direct compression of neural and soft tissue may
result in ischemia and tissue damage. Many efforts have been
directed at provider education over the years to reduce direct
tissue trauma from compression. Most anesthesia providers are
taught from the start of their training that various maneuvers,
pads, and positioning devices are useful to reduce point pressure on neural and soft tissues. Despite these efforts, neuropathies and soft tissue damage still occur. Is it a failure of education,
the incorrect application of this information, or other issues that
contribute to the continued presence of perioperative positioning
injuries? Or perhaps, are there etiologic mechanisms at work that
we do not yet understand?
3
Recent work by Staff et al.1 at Mayo Clinic suggests that we do
not yet fully understand the etiologic mechanisms of positioning
issues. The authors reported inlammatory neuropathies in 33
patients who had severe postsurgical peripheral neuropathies, with
most involving the ulnar nerve and motor components of it. Surprisingly, the majority of these patients had widespread microvasculitic neuropathies, and many were responsive to immunologic
modulation with high doses of corticosteroids. The inlammatory
response may be dramatically altered in the postoperative period,
and microvasculitic neuropathy appears to be a previously unrecognized cause of peripheral neuropathy. Large epidemiologic
studies will eventually help determine the role that this new etiology plays in the origin of perioperative neuropathies of all sorts.
In the meantime, this report serves as evidence that a number of
perioperative neuropathies may, in fact, have no relationship to
intraoperative positioning or management of physiologic factors.2
Viruses have been associated with central as well as peripheral
neuropathies that develop in the perioperative period. As noted
above, immunosuppression is present in a fairly signiicant proportion of patients undergoing major surgical procedures. Anesthetics, blood products, and even antibiotics have been shown to
result in varying degrees of immunosuppression.3 This immunosuppression may provide opportunities for existing viruses or
newly introduced viruses to activate, particularly in neural tissues. For example, the onset of shingles may be more frequent in
surgical compared to general populations.4

suPine Positions

Supine
Horizontal
In the traditional supine position, the patient lies on his or her
back with a small pillow beneath the head (Fig. 28-1). The arms
are either comfortably padded and restrained alongside the trunk
or abducted on well-padded arm boards. Either arm (or both)
may be extended ventrally and the lexed forearm secured to an
elevated frame in such a way that perfusion of the hand is not
compromised, no skin-to-metal contact exists to cause electrical
burns if a cautery is used, and the brachial neurovascular bundle is
neither stretched nor compressed at the axilla. The lumbar spine
may need padded support to prevent a postoperative backache
(see “Complications of Supine Positions”). Bony contact points
at the occiput, elbows, and heels should be padded. Fortunately,
most modern surgical tables have mattress pads that are suficiently buoyant and thick to allow dispersion of point pressure.
Although the horizontal supine posture has a long history of
widespread use, it does not place hip and knee joints in neutral
positions and is poorly tolerated for prolonged periods by an
immobilized, awake patient.

Contoured
A contoured supine posture (Fig. 28-2) has been termed the lawn
chair position. It is established by arranging the surface of the operating table so that the trunk–thigh hinge is angulated approximately 15 degrees and the thigh–knee hinge is angulated a similar
amount in the opposite direction. Alternatively, a rolled towel,
pillow, or blanket can be placed beneath the patient’s knees to
keep them lexed. The patient of average height then lies comfortably with hips and knees lexed gently.

Lateral Uterine or Abdominal Mass Displacement
With a patient in the supine position, a mobile abdominal mass,
such as a very large tumor or a pregnant uterus, can rest on the
great vessels of the abdomen and compromise circulation. This
is known as the aortocaval syndrome or the supine hypotensive
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FiGure 28-1. a: Supine adult with minimal gradients in the horizontal vascular axis. Pulmonary blood
volume is greatest dorsally. Viscera displace the diaphragm cephalad. Cerebral circulation is slightly above
heart level if the head is on a small pillow. B: Headdown tilt aids blood return from lower extremities but
encourages reflex vasodilation, congests vessels in the
poorly ventilated lung apices, and increases intracranial
blood volume. C: Elevation of the head shifts abdominal viscera away from the diaphragm and improves
ventilation of the lung bases. According to the gradient
above the heart, pressure in arteries of the head and
neck decreases; pressure in accompanying veins may
become subatmospheric.

A
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Visceral Force
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C

syndrome. A signiicant degree of perfusion can be restored if the
compressive mass is rolled toward the left hemiabdomen by leftward tilt of the tabletop or by a wedge under the right hip.

Lithotomy
Standard
In the standard lithotomy position (Fig. 28-3), the patient lies
supine, typically with one or both arms extended laterally to

<90 degrees on arm boards. Each lower extremity is lexed at the
hip and knee, and both limbs are simultaneously elevated and
separated so that the perineum becomes accessible to the surgeon.
For many gynecologic and urologic procedures, the patient’s
thighs are lexed approximately 90 degrees on the trunk and the
knees are bent suficiently to maintain the lower legs nearly parallel to the loor. More acute lexion of the knees or hips can threaten
to angulate and compress major vessels at either joint. In addition, hip lexion to >90 degrees on the trunk has been shown to
increase stretch of the inguinal ligaments.5 Branches of the lateral
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D
FiGure 28-2. Establishment of the contoured supine (“lawn chair”) position. (a) Traditional flat supine tabletop.
(B) Thighs flexed on trunk. (C) Knees gently flexed in final body position. (D) Trunk section leveled to stabilize floorsupported arm board.

femoral cutaneous nerves often pass directly through these ligaments and can be impinged and become ischemic within the
stretched ligament.
Numerous devices are available to hold legs that are elevated
during obstetric delivery or perineal operations. Each device
should be itted to the stature of the individual patient. Care
should be taken to ensure that angulations or edges of the padded
holder do not compress the popliteal space or the upper dorsal
thigh. Compartment syndromes of one or both lower extremities

have resulted from prolonged use of the lithotomy position with
various types of support devices.
When the legs are to be lowered to the original supine position
at the end of the procedure, they should irst be brought together
at the knees and ankles in the sagittal plane and then lowered
slowly together to the tabletop. This minimizes torsion stress on
the lumbar spine that would occur if each leg were lowered independently. It also permits gradual accommodation to the increase
in circulatory capacitance, thereby avoiding sudden hypotension.

FiGure 28-3. Standard lithotomy position with “candy cane” extremity support. Thighs are flexed approximately 90 degrees
on abdomen; knees are flexed enough to bring lower legs grossly parallel to the torso section of the tabletop. Arms are retained
on boards, crossed on the abdomen, or snugged at the sides of patient.
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Low
For most urologic procedures and for many procedures that
require simultaneous access to the abdomen and perineum, the
degree of thigh elevation in the lithotomy position is only approximately 30 to 45 degrees (Fig. 28-4). This reduces perfusion gradients to and from the lower extremities and improves access to a
perineal surgical site for members of the operating team who may
need to stand at the lateral aspect of either leg.

FiGure 28-4. Low lithotomy position for perineal access, transurethral instrumentation, or combined abdominoperineal procedures.

Exaggerated
Transperineal access to the retropubic area requires that the
patient’s pelvis be lexed ventrally on the spine, the thighs almost
forcibly lexed on the trunk, and the lower legs aimed skyward so
they are out of the way (Fig. 28-6). The result places the long axis of
the symphysis pubis almost parallel to the loor. This exaggerated

A

B
FiGure 28-5. High lithotomy position. Note potential for angulation
and compression/obstruction of contents of femoral canal (a, inset)
or stretch of sciatic nerve (B). Reproduced from: McLeskey CH, ed.
Geriatric Anesthesiology. Baltimore, MD: Williams & Wilkins; 1997:146,
with permission.

FiGure 28-6. The exaggerated lithotomy position. Shoulder support
may be needed to stabilize the torso. If used, it should be placed over
the acromioclavicular area to minimize compression of the brachial
plexus and adjacent vessels.
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High
Some surgeons prefer to improve access to the perineum by suspending the patient’s feet from high poles. The effect is to have the
patient’s legs almost fully extended on the thighs (Fig. 28-5) and
the thighs lexed 90 degrees or more on the trunk. The posture
produces a signiicant uphill gradient for arterial perfusion into
the feet, requiring careful avoidance of systemic hypotension. There
is considerable variation in lower extremity perfusion pressure in
volunteers placed in high lithotomy positions; however, they all
tend to have low perfusion pressures.6,7 Less mobile patients may
tolerate this posture poorly because of angulation and compression of the contents of the femoral canal by the inguinal ligament
(Fig. 28-5A), or stretch of the sciatic nerve (Fig. 28-5B), or both.
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lithotomy position stresses the lumbar spine, produces a signiicant
uphill gradient for perfusion of the feet, and may restrict ventilation
because of abdominal compression by bulky thighs. It can be tolerated under anesthesia but rarely can be assumed by an awake patient.
Control of ventilation is usually necessary. If pre-existing painful
lumbar spine disease is present, an alternative surgical position may
need to be chosen beforehand to avoid severely accentuating the
lumbar distress after surgery. This position has been associated with
a very high frequency of lower extremity compartment syndrome.8
Maintenance of adequate perfusion pressure in the legs is important.

Complications of Supine Positions
Pressure alopecia
Prolonged compression of hair follicles can produce hair loss.
Abel and Lewis 9 described patients who had pain, swelling, and
exudation where the occiput had been supporting the weight
of the head for long periods in a head-down position. Alopecia
occurred between the 3rd and 28th postoperative day; regrowth
was complete within 3 months. Use of tight head straps to hold
anesthetic face masks and prolonged hypotension and hypothermia have also been associated with compression alopecia.10 Frequently turning the patient’s head during long operations11 and
use of padded, soft head supports are recommended to reduce the
risks of this complication.

Pressure-point Issues
Weight-bearing bony prominences can produce ischemic necrosis of overlying tissue unless proper padding is applied. Hypothermia and vasoconstrictive hypotension may enhance the process.
The heels, the elbows, and the sacrum are particularly vulnerable.
The use of a variety of pads (e.g., foam or gel) may disperse point
pressure if used for protection. Although their use may protect
against skin and soft tissue compression and ischemia, there are
no studies that have proven their use to be beneicial in reducing
peripheral neuropathies in the perioperative period.

Brachial Plexus and uPPer
extremity neuroPathies

Sternal retraction
Frequently, the patient undergoing a median sternotomy has both
arms padded and secured alongside the torso. An alternative is to
have both arms abducted.12 Vander Salm et al.13,14 described irst
rib fractures and brachial plexus injuries associated with median
sternotomies. They related the extent of the injury to the amount
of retractor displacement of the rib, with the most severe injury
being caused by displacement suficient to produce a irst rib fracture. Roy et al.,15 in a study of 200 consecutive adults scheduled
for cardiac surgery via a median sternotomy, positioned the left
arm either abducted and padded on an arm board with the palm
supinated or secured by a draw sheet alongside the trunk; the right
arm was always placed alongside the trunk. They found a 10% incidence of upper extremity nerve injury that was not inluenced by
internal mammary artery harvest, internal jugular vein catheterization, or left arm position. Surgical manipulation was more contributory than extremity positioning in producing trauma to the
brachial plexus. Jellish et al.12 reported that there is less slowing of
somatosensory evoked potentials (SSEPs) of the ulnar nerve during sternotomy when both arms are abducted instead of tucked
at the sides. However, they found no differences in perioperative
symptoms between patients in the arm-abducted versus arm-atside groups.

Long Thoracic nerve Dysfunction
A number of lawsuits have centered on postoperative serratus
anterior muscle dysfunction and winging of the scapula (Fig.
28-7) alleged to be the result of position-related injuries to the
long thoracic nerve, a nerve arising from nerve roots C5, C6, and
C7. Because C5 and C6 ibers of the nerve course through the
middle scalene muscle and emerge from its lateral border to join
the ibers from C7, it has been proposed that neuropathies of the
long thoracic nerve are traumatic in origin.16 Because the nerve
is not routinely involved in a stretch injury of the brachial plexus
and because the plexus is not routinely involved when long thoracic nerve dysfunction occurs, the relationship between postoperative long thoracic neuropathy and patient positioning remains
speculative. Based on the evidence of Foo and Swann17 plus data
from various litigations, Martin18 concluded that in the absence
of demonstrable trauma, postoperative dysfunctions of the long
thoracic nerve were quite likely the result of coincidental neuropathies, possibly of viral origin.

Brachial Plexus neuropathy
root Injuries
1 Shoulder braces placed tight against the base of the neck can compress and injure the roots of the brachial plexus when steep headdown positions are used. Braces, if needed at all, are considered
less harmful when placed more laterally over the acromioclavicular
joint. In general, the use of shoulder braces should be discouraged.
Supine positions do not usually threaten structures in the
patient’s neck unless considerable lateral displacement of the
head occurs or if steep head-down tilt is added. When lateral displacement of the head occurs, the roots of the brachial plexus on
the side of the obtuse head–shoulder angle can be stretched and
damaged. If the upper extremity is ixed at the wrist (e.g., by wrist
wrap or a sheet or towel used to tuck the arm), the stretch injury
of the plexus can be accentuated as the head moves laterally away
2 from the anchoring point of the wrist. Similarly, exaggerated
rotation of the head away from an extended arm may be associated with a brachial plexus injury.

axillary Trauma associated with the
Humeral Head
Abduction of the arm on an arm board to >90 degrees may thrust
the head of the humerus into the axillary neurovascular bundle.
This bundle typically lies on the lexion side of the shoulder
joint. However, when the arm is abducted to >90 degrees, the
bundle is now on the extension side of the joint. The bundle
is both compressed and stretched at that point, and its neural
structures may be damaged. In the same manner, vessels can be
compressed or occluded and perfusion of the extremity can be
jeopardized.

radial nerve Compression
The radial nerve, arising from roots C6 to C8 and T1, passes dorsolaterally around the middle and lower portions of the humerus
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FiGure 28-7. Scapular winging.
The serratus anterior muscle (upper right) is supplied solely by the
long thoracic nerve that branches
immediately from C5, C6, C7, and
sometimes C8 (left figure). Arising
on the lateral ribs and inserting on
the deep surface of the scapula, the
muscle keeps the shoulder girdle approximated to the dorsal rib cage.
Long thoracic nerve palsy allows dorsal protrusion of the scapula (lower
right). See text for details.
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C7

1890s. These factors likely play an etiologic role for this problem
in the musculospiral groove. At a point on the lateral aspect of the
arm, approximately three ingerbreadths proximal to the lateral 3 in some surgical patients. Other factors, however, may contribute to the development of postoperative ulnar neuropathies. In
epicondyle of the humerus, the nerve can be compressed against
a series of 12 inpatients with newly acquired ulnar neuropathy,
the underlying bone and injured. Pressure from the vertical bar of
Wadsworth and Williams23 determined that external compresan anesthesia screen or a similar device against the lateral aspect of
the arm, excessive cycling of an automatic blood pressure cuff, and
sion of an ulnar nerve during surgery was a factor in only two
compression at the midhumerus level by restrictive sheets or towels
patients. Ulnar neuropathies develop in medical as well as surgiused to tuck the arms have been implicated in causing damage to
cal patients.24 The mechanisms of ulnar neuropathy are unclear.
the radial nerve. Other support devices, including arm boards and
Typically, anesthesia-related ulnar nerve injury is thought to
slings used when patients are positioned laterally, can directly combe associated with external nerve compression or stretch caused
press the radial nerve as it wraps around the musculospiral groove.
by malpositioning during the intraoperative period. Although this
implication may be true for some patients, three indings suggest
that other factors may contribute. First, patient characteristics
(e.g., male sex, high body mass index, and prolonged postoperaMedian nerve Dysfunction
tive bed rest) are associated with these ulnar neuropathies.25 Various reports suggest that 70% to 90% of patients who have this
Isolated perioperative injuries to the median nerve are uncomproblem are men.19,20,23–25 Second, many patients with periopmon and the mechanism is usually obscure.19,20 A potential
erative ulnar neuropathies have a high frequency of contralateral
source of injury is iatrogenic trauma to the nerve during access to
ulnar nerve conduction dysfunction.26 This inding suggests that
vessels in the antecubital fossa, as might occur during venipuncmany of these patients likely have asymptomatic but abnormal
ture. Anecdotally, this problem appears to occur primarily in men
ulnar nerves before their anesthetics, and these abnormal nerves
20 to 40 years of age who cannot easily extend their elbows commay become symptomatic during the perioperative period.
pletely. Forced elbow extension after administration of muscle
Finally, many patients do not notice or complain of ulnar nerve
relaxants and while positioning the arms, with resultant stretch of
symptoms until >48 hours after their surgical procedures.25,26 A
the median nerve, has been suggested as one potential mechanism
prospective study of ulnar neuropathy in 1,502 surgical patients
for this problem.
found that none of the patients had symptoms of the neuropathy
during the irst 2 postoperative days.27 It is not clear whether the
onset of symptoms indicates the time that an injury has occurred
Ulnar neuropathy
to the nerve. Prielipp et al.28 found that 8 of 15 awake volunteers
who had notable alterations in their ulnar nerve SSEP signals
Improper anesthetic care and patient malpositioning have been
from direct ulnar nerve pressure did not perceive a paresthesia,
implicated as causative factors in the development of ulnar neueven when the SSEP waveforms decreased as much as 72%.
ropathies since reports by Büdinger21 and Garriques22 in the
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FiGure 28-8. Medial-to-lateral view of right elbow. The cubital
tunnel retinaculum (CTR) is lax in extension (a) as it stretches from
the medial epicondyle (ME) to the olecranon (Ol). The retinaculum
tightens in flexion (B) and can compress the ulnar nerve (arrow). Reprinted from: O’Driscoll SW, Horii E, Carmichael SW, et al. The cubital
tunnel and ulnar neuropathy. J Bone Joint Surg Br. 1991;73:613, with
permission.

Elbow lexion can cause ulnar nerve damage by several mechanisms. In some patients, the ulnar nerve is compressed by the
aponeurosis of the lexor carpi ulnaris muscle and cubital tunnel
retinaculum when the elbow is lexed by >110 degrees29,30 (Fig.
28-8). In other patients, this ibrotendinous roof of the cubital
tunnel is poorly formed and can lead to anterior subluxation
or dislocation of the ulnar nerve over the medial epicondyle of
the humerus during elbow lexion. This displacement has been
observed in approximately 16% of cadavers in whom the lexor
muscle aponeurosis and supporting tissues have not been dissected.31,32 Ashenhurst32 has speculated that the ulnar nerve may

FiGure 28-9. Arm restraint, if excessively tight, can compress the
anterior interosseous nerve and vessel against the interosseous membrane in the volar forearm to produce an ischemic neuropathy. Reproduced from: McLeskey CH, ed. Geriatric Anesthesiology. Baltimore,
MD: Williams & Wilkins; 1997:155, with permission.

be chronically damaged by recurrent mechanical trauma as the
nerve is in subluxation over the medial epicondyle.
External compression in the absence of elbow lexion also may
damage the ulnar nerve.33,34 Although compression within the
medial epicondylar groove may be possible if the groove is shallower than normal, the bony groove usually is deep and the nerve
is well protected from external compression.35 External compression may occur distal to the medial epicondyle, where the nerve
and its associated artery are relatively supericial (Fig. 28-9). In an
anatomic study, Contreras et al.36 observed that the ulnar nerve
and posterior recurrent ulnar artery pass posteromedially to the
tubercle of the coronoid process, where they are covered only by
skin, subcutaneous fat, and a thin distal band of the aponeurosis
of the lexor carpi ulnaris.
Why are men more likely to have this complication? There
are several anatomic differences between men and women that
may increase the likelihood of perioperative ulnar neuropathy
developing in men. First, two anatomic differences may increase
the chance of ulnar nerve compression in the region of the
elbow. The tubercle of the coronoid process is approximately
1.5 times larger in men than women.36 In addition, there is less
adipose tissue over the medial aspect of the elbow of men compared with women of similar body fat composition.36–38 Second,
men may be more likely to have a well-developed cubital tunnel retinaculum than women, and the retinaculum, if present, is
thicker. A thicker cubital tunnel retinaculum may increase the
risk of ulnar nerve compression in the cubital tunnel when the
elbow is lexed.
Clinical manifestations of ulnar nerve dysfunction vary with
the location and extent of the lesion.39 Nearly all patients have
numbness, tingling, or pain in the sensory distribution of the ulnar
nerves once they become symptomatic. However, there can be
considerable ulnar nerve dysfunction before symptoms appear.
Prielipp et al.28 found that only 8 of 15 male volunteers with
signiicant ulnar nerve conduction slowing noted any symptoms.
More studies are needed to better understand the mechanism and
natural history of ulnar neuropathy.
Perioperative ulnar neuropathy is relatively common.19,20,27
Also, a signiicant proportion of patients have symptoms of bilateral ulnar nerve dysfunctions both before and after surgery.27
Therefore, some have speculated that it might be helpful during
the preanesthetic interview to inquire about a history of ulnar
neuropathies (“crazy bone” problems) or previous surgery at the
elbow. If such a history is indicated, the inding must be recorded
and a discussion with the patient or family should present the
possibility of a postoperative recurrence despite special precautions of padding and positioning.
The time of recognition of digital anesthesia associated with
ulnar nerve dysfunction may be quite important in establishing
the origin of the postoperative syndrome. If ulnar hypesthesia
or anesthesia is noted promptly after the end of anesthesia, as in
the recovery facility, the condition is likely to be associated with
events that occurred during anesthesia or surgery. If the recognition is delayed for many hours, the likelihood of cause shifts from
the intra-anesthetic period to postoperative events. In a review of
closed claims, Kroll et al.19 commented that postoperative ulnar
dysfunction can occur as a result of events in the postanesthetic
period and that nerve injury may develop in certain susceptible
patients “despite conventionally accepted methods of positioning
and padding.”
Opioids may mask postoperative dysesthesias and pain, but
even strong analgesics do not appear to mask a loss of sensation
as a result of nerve dysfunction. It may be helpful to assess ulnar
nerve function and record these observations before discharging
the patient from the recovery room.
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arm Complications
Arm boards should be securely attached to the operating table to
prevent accidental release. An arm that is not properly secured
can slip over the edge of the table or arm board, resulting in injury
to the capsule of the shoulder joint by excessive dorsal extension
of the humerus, fracture of the neck of an osteoporotic humerus,
or injury to the ulnar nerve at the elbow. Conversely, in the
unlikely event that the retaining strap or other holding device or
cloth is excessively tight across the supinated forearm (Fig. 28-9),
the potential exists for pressure to compress the anterior interosseous nerve, a branch of the median nerve in the upper forearm
that courses with its artery along the volar surface of the tough
interosseous membrane. The result is an ischemic injury to the
distribution of the nerve and artery that resembles a compartment syndrome in the lower extremity and may require prompt
surgical decompression.40–42

the lumbar spine, may result in ischemia of the spinal nerves.43
Multiple patients undergoing pelvic procedures have been
reported to have developed paraplegia. In these patients, hyperlordosis was induced by retrolexing the operating room tables
maximally, elevating kidney restfully, and adding padding (e.g.,
towels, rolls, pillows, and even liter bags of crystalloid) under the
lumbar spine to maximize hyperlordosis.

Perineal Crush Injury
The supine patient who is placed on a fracture table for repair of a
fractured femur usually has the pelvis retained in place by a vertical pole at the perineum (Fig. 28-10), with the foot of the injured
extremity ixed to a mobile rest. An auger gear on the rest lengthens the distance between the foot and the pelvis so that the bone
fragments can be distracted and realigned. Unless the pole is well
padded, severe pressure can be exerted on the pelvis, and damage can occur to the genitalia and the pudendal nerves. Complete
loss of penile sensation has been reported after use of the fracture
table.44,45 The correct position for the pole is against the pelvis
between the genitalia and the uninjured limb.44

Backache and Paraplegia
Lumbar backache can be worsened by the ligamentous relaxation
that occurs with general, spinal, or epidural anesthesia. Loss of
normal lumbar curvature in the supine position is apparently the
issue. Padding placed under the lumbar spine before the induction of anesthesia may help retain lordosis and make a patient
with known lumbar distress more comfortable. Hyperlordosis
should be avoided, however. Hyperextension of the lumbar spine,
especially to an angulation of >10 degrees at the L2 to L3 apex of

Compartment Syndrome
If, for whatever reason, perfusion to an extremity is inadequate, a
compartment syndrome may develop. Characterized by ischemia,
hypoxic edema, elevated tissue pressure within fascial compartments of the leg, and extensive rhabdomyolysis, the syndrome
produces extensive and potentially lasting damage to the muscles
and nerves in the compartment.

FiGure 28-10. Traction table with perineal post
stabilizing patient while leg is elongated to reposition
bone ends. Elevated leg risks hypoperfusion; pelvic post
threatens genitalia and perineum.
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Causes of a compartment syndrome that may be associated
with positioning factors while a patient is in any of the dorsal
decubitus positions include (1) systemic hypotension and loss of
driving pressure to the extremity (augmented by elevation of the
extremity); (2) vascular obstruction of major leg vessels by intrapelvic retractors, by excessive lexion of knees or hips, or by undue
popliteal pressure from a knee crutch; and (3) external compression of the elevated extremity by straps or leg wrappings that are
too tight, by the inadvertent pressure of the arm of a surgical assistant, or by the weight of the extremity against a poorly supportive
leg holder. A tight strap on an arm as well as tight “draw sheets” for
maintaining arms at the patient’s sides may compress the anterior
interosseous neurovascular bundle and may be associated with an
anterior interosseous neuropathy or a forearm or a hand compartment syndrome.41,42
Several clinical characteristics seem to be associated with perioperative compartment syndrome. Prolonged lithotomy posture
in excess of 5 hours has been a common factor in literature anecdotes of postlithotomy compartment syndromes. For lengthy
procedures in the lithotomy position, well-padded holders that
immobilize the limb by supporting the foot without compressing
the calf or popliteal fossa seem to be the least threatening choice.
There is considerable variability in the perfusion pressure of the
lower extremity in elevated legs. Halliwill et al.6 and Pfeffer et al.7
found signiicant blood pressure variation at the ankle in volunteers placed in various lithotomy positions. Several volunteers
had mean pressures of <20 mm Hg when positioned in the high
lithotomy position. This pressure is less than intracompartment
pressures commonly measured in many lithotomy positions.
Warner et al.46 have shown that perioperative compartment
syndromes occur in patients in positions other than lithotomy.
The frequency of this problem appears to occur as often (approximately 1 in 9,000 patients studied retrospectively) in anesthetized
patients who are positioned laterally as in similar patients who are
positioned in lithotomy. The difference between compartment
syndromes in these two groups is that patients in a lateral decubitus position tend to have compartment syndromes of either
arm, while those in a lithotomy position have compartment syndromes of the lower extremities.

Finger Injury

relieve pressure on the axillary neurovascular bundle and prevent
disturbed blood low to the arm and hand. However, this chest
support (inappropriately called an axillary roll by some) has not
been proven to reduce the frequency of ischemia, nerve damage,
or compartment syndrome to the downside upper extremity. It
may, however, decrease shoulder discomfort postoperatively.
Any padding should support only the chest wall and it should be
periodically observed to ensure that it does not impinge on the
neurovascular structures of the axilla.

Variations of Lateral Positions
Standard Lateral Position
In the standard lateral position (Fig. 28-11), the patient is rolled
onto one side on a lat table surface and stabilized in that posture
by lexing the downside thigh. The downside knee is bent to
retain the leg on the table and improve the stabilization of the
trunk. The common peroneal nerve of that side is padded to
minimize compression damage caused by the weight of the legs.
The upside thigh and leg are extended comfortably, and pillows are placed between the lower extremities. The head is supported by pillows or a headrest so that the cervical and thoracic
spines are properly aligned. A small pad, thick enough to raise
the chest wall and prevent excessive compression of the shoulder or entrapment/compression of the neurovascular structures
of the axilla, is placed just caudad to the downside axilla. This
padding may support adequate perfusion of the downside hand
and minimize circumduction of the dependent shoulder, which
might stretch its suprascapular nerve.
Arms may be extended ventrally and retained on a single arm
board with suitable padding between them, or they may be individually retained on a padded two-level arm support that can also
help to stabilize the thorax. An alternate method of arm arrangement is to lex each elbow and place the arms on suitable padding
on the table in front of the patient’s face.
The patient is stabilized in the lateral position by the use of
one or more retaining tapes or straps stretched across the hip and
ixed to the underside of the tabletop. Care must be taken to see
that the hip tapes or straps lie safely between the iliac crest and
the head of the femur rather than over the head of the femur. An

Amputation of ingers has been reported when they were caught
between the leg and thigh sections of the operating table as the leg
section was returned to the horizontal position at the termination
of an operation performed in the lithotomy position.47 A towel
used to create a boxing glove-like wrap on the hands of lithotomized patients or carefully removing the patient’s hands from the
risk position before raising the foot of the table may prevent such
a tragic misadventure.

lateral Positions
There are several general positioning concepts to consider when
placing a patient into a lateral decubitus position. Wrapping the
legs and thighs in compressive bandages has been commonly used
to combat venous pooling. Marked lexion of the lower extremities at knees and hips can partially or completely obstruct venous
return to the inferior vena cava either by angulation of vessels at
the popliteal space and inguinal ligament or by thigh compression against an obese abdomen. A small support placed just caudad of the downside axilla can be used to lift the thorax enough to

FiGure 28-11. The standard lateral decubitus position. Proper head
support, axillary roll, and leg pillow arrangement are shown on lower
figure. Downside leg is flexed at hip and knee to stabilize torso. Retaining straps and pad for downside peroneal nerve are not shown.
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B
FiGure 28-12. The semisupine position with dorsal pads supporting the torso, the extended arm padded at the elbow, and
the elevated arm restrained on a well-cushioned, adjustable overhead bar (a). Axillary contents are not under tension and are
not compromised by the head of the humerus (B). A pulse oximeter provides assurance that the digital circulation is likely not
compromised. The position is safe only if the arm does not become a hanging mechanism to support the torso. Reproduced
from: Collins VJ, ed. Principles of Anesthesiology. 3rd ed. Philadelphia, PA: Lea & Febiger; 1993:176, with permission.

additional restraining tape or strap may be used across the thorax
or shoulders if needed. Other methods such as the use of “bean
bag” or vacuum-supported retention devices are commonly used.
As with any such devices, it is essential to ensure that point pressure on bony prominences is minimized and body structures are
appropriately supported.

Semisupine and Semiprone
Semilateral postures are designed to allow surgeons to reach
anterolateral (semisupine) and posterolateral (semiprone) structures of the trunk. In the semisupine position, the upside arm
must be carefully supported so that it is not hyperextended and
no traction or compression is applied to the brachial and axillary
neurovascular bundles (Fig. 28-12). The supporting bar should
be well wrapped to prevent electrical grounding contact (Fig.
28-12A). Suficient noncompressible padding should be placed
under the torso (Fig. 28-12, large igure) and hip to prevent the
patient from rolling supine and stretching the anchored extremity. The pulse of the restrained wrist should be checked to ensure
adequate circulation in the elevated arm and hand (Fig. 28-12B).

Flexed Lateral Positions
Lateral Jackknife
The lateral jackknife position places the downside iliac crest
over the hinge between the back and thigh sections of the table

(Fig. 28-13). The tabletop is angulated at that point to lex the
thighs on the trunk laterally. After the patient has been suitably
positioned and restrained, the chassis of the table is tipped so that
the uppermost surface of the patient’s lank and thorax becomes
essentially horizontal. As a result, the feet are below the level of
the heart, and signiicant amounts of blood may pool in distensible vessels in each leg.
The lateral jackknife position is usually intended to stretch the
upside lank and widen intercostal spaces as an asset to a thoracotomy incision. However, in terms of lumbar stress, restriction
by the taut lank of upside costal margin motion, and pooling of
blood in depressed lower extremities, the position has the potential to impose a signiicant physiologic insult. Actually, its usefulness to the surgeon is brief, and its use should be limited. Once
the rib-spreading retractor is placed in the incision, the position
has reduced value for the rest of the operation.48

Kidney
The kidney position (Fig. 28-14) resembles the lateral jackknife
position, but it adds the use of an elevated rest (the kidney rest)
under the downside iliac crest to increase the amount of lateral
lexion and improve access to the upside kidney under the overhanging costal margin. Unlike the lateral jackknife position, the
kidney position does not have a useful alternative for a lank
approach to the kidney. Thus, the physiologic insults associated
with the posture need to be limited by vigilant anesthesia and,
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FiGure 28-13. The lateral jackknife position, intended to open intercostal spaces. Note the properly placed restraining tapes (large figure) thrusting
cephalad to retain the iliac crest at the flexion point
of the table and prevent caudad slippage, which
compresses the downside flank (inset).

hopefully, rapid surgery. Strict stabilizing precautions should be
taken to prevent the patient from subsequently shifting caudad
on the table in such a manner that the elevated rest relocates into
the downside lank and becomes a severe impediment to ventilation of the dependent lung.

4

Complications of Lateral Positions
Eyes and Ears
Injuries to the dependent eye are unlikely if the head is properly
supported during and after the turn from the supine to the lateral position. If the patient’s face turns toward the mattress, however, and the lids are not closed or the eyes otherwise protected,
abrasions of the ocular surface can occur. Direct pressure on the
globe can displace the crystalline lens, increase intraocular pressure or, particularly if systemic hypotension is present, can cause
ischemia.
In the lateral position, the weight of the head can press the
downside ear against a rough or wrinkled supporting surface.
Careful padding with a pillow or a foam sponge usually provides suficient protection against contusion of the ear. The
external ear (pinna) should also be palpated to ensure that it has
not been folded over in the process of placing support beneath
the head.

Suprascapular nerve
Ventral circumduction of the dependent shoulder can rotate the
suprascapular notch away from the root of the neck (Fig. 28-15).
Because the suprascapular nerve is ixed both paravertebrally and
at the notch, circumduction can stretch the nerve and produce
troublesome, diffuse, dull shoulder pain. The diagnosis is established by blocking the nerve at the notch and producing pain
relief. Treatment may require resecting the ligament over the
notch to decompress the nerve. A supporting pad placed under
the thorax caudad of the axilla and thick enough to raise the chest
off the shoulder may prevent a circumduction stretch injury to
the nerve.

Long Thoracic nerve
Instances of postoperative “winging” of the scapula have followed
use of lateral positions.18 Although coincidental viral neuropathies of the long thoracic nerve may play an etiologic role in postoperative appearances of scapular winging in patients for whom
only a supine position was used, the possibility of trauma to the
nerve while establishing the lateral position is dificult to refute.
Lateral lexion of the neck may stretch the long thoracic nerve in
the obtuse angle of the neck.

Prone Positions
neck
Lateral lexion of the neck is possible when the head of a patient
in the lateral position is inadequately supported. If the cervical
spine is arthritic, postoperative neck pain can be troublesome.
Pain from a symptomatic protrusion of a cervical disk can be
intensiied unless the head is carefully positioned so that lateral or
ventral lexion, extension, or rotation is avoided.

Variations of Prone Positions
Full Prone
In the so-called full prone position (Fig. 28-16), the requirement
to elevate the trunk off the supporting surface so that the ventral abdominal wall is freed of compression almost always results
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FiGure 28-14. The flexed lateral (kidney) position. Upper panels show improper locations of the elevated transverse rest, the
flexion point of the table, in the flank (a) or at the lower costal margin (B) to impede ventilation of the downside lung. The
iliac crest at the proper flexion point (C), allowing the best possible expansion of the downside lung. Restraining tapes deleted
for clarity.

in the head and lower extremities being below the level of the
spine. If the tabletop is angulated at the trunk–thigh hinge to
remove the lumbar lordosis and separate the lumbar spinous
processes, and if the chassis is then rotated head-up suficiently
to level the patient’s back, a signiicant perfusion gradient may
develop between the legs and the heart.49 Wrapping the legs in
compressive bandages, or the use of full-length elastic hosiery,
minimizes pooling of blood in distensible vessels and supports
venous return.
When this position results in the head being lower than the
heart, the pressure gradient can result in venous and lymphatic
stasis in the head. This position may result in facial and airway
edema, making extubation of intubated patients challenging,
especially after prolonged procedures such as spine fusions. In
addition, over the past decade or two, long spine surgical procedures have resulted in a surprising number of patients who
experience severe vision loss. This vision loss is primarily related
to ischemic optic neuropathy. While the etiology of the ischemic
optic neuropathy is not entirely clear, recent work by Lee et al.50
suggests that prone positions with the head lower than the heart
may lead to venous and lymphatic congestion in the optic canal.
This congestion, added to the effect of gravity on the suspended
globe of the eye, can result in optic nerve stretch and possibly
the development of ischemic neuropathy (see Complications of
Prone Positions, Blindness).51
Various pelvic, abdominal, and chest supports, including parallel rolls of tightly packed sheets, gels, padded and adjustable
metal frames, and four-pillar frames, have been devised to free
the abdomen from compression. Each has merit, and no speciic
unit has been shown to be better than the others for hemodynamic or respiratory maintenance. However, the use of frames
may produce more opportunities for point pressure, and if they
are used, careful padding of contact points should be considered.
The choice of equipment should be based on the physique of

the patient, the requirements of the surgical procedure, and the
availability.
Pronated patients with limited mobility of the neck, a history of postural neck pain, or a history suggesting a symptomatic cervical disk should have their heads retained in the sagittal plane, either with a skull-pin head clamp or with a face
rest. Face rests have fluctuating popularity. Excessive periocular pressure must be considered and avoided if a face rest is
used. If the neck is pain-free and its mobility is satisfactory, the
head can be turned laterally and supported to prevent pressure

FiGure 28-15. Circumduction of the arm displacing the scapula and
stretching the suprascapular nerve between its anchoring points at the
cervical spine and the suprascapular notch.
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FiGure 28-17. The prone jackknife positions. (a) Low jackknife position with the trunk–thigh hinge of the table used as the flexion position
and augmented by a pillow under the pelvis. (B) Full jackknife position with the thigh–leg hinge of the table used as the flexion point to
achieve more acute angulation of the hips on the torso.

C
FiGure 28-16. The classic prone position. (a) Flat table with relaxed
arms extended alongside patient’s head. Parallel chest rolls extended
from just caudad of clavicle to just beyond inguinal area, with pillow
over pelvic end. Elbows and knees are padded, and legs are bent at the
knees. Head is turned onto a C-shaped pad, gel, or foam sponge that
frees the downside eye and ear from compression. (B) Same posture
with arms snugly retained alongside torso. (C) Table flexed to reduce
lumbar lordosis; subgluteal area straps placed after the legs are lowered
to provide cephalad thrust and prevent caudad slippage.

on the downside eye and ear. However, forced rotation of the
pronated head should be carefully avoided lest it induces postoperative neck pain or cervical nerve root or vascular compression.
When a patient is scheduled to be pronated after induction
of anesthesia, it is worthwhile during the preanesthetic interview
to obtain and record information about any limitations that
may exist in his or her ability to raise the arms overhead during
work or sleep. If the patient is symptomatic, it may be prudent to
place the arms alongside the torso after pronation (see “Thoracic
Outlet Syndrome”). If the arms are placed alongside the head
(i.e., extended ventrally at the shoulder, lexed at the elbow, and
abducted onto arm boards; the “surrender” position), the musculature about the shoulders should be under no tension, neither
humeral head should stretch nor compress its axillary neurovascular bundle (i.e., shoulders should be abducted <90 degrees),
ulnar nerves at the elbow should be padded, and the pulses at
the wrists should remain full. Anterior (forward) lexion of the
shoulders may reduce tension on the neurovascular structures of
the axilla.

Prone Jackknife
The prone jackknife posture is used to provide access to the sacral,
perianal, and perineal areas as well as to the lower alimentary
canal (Fig. 28-17). The thighs are lexed on the trunk more than
is usual in the full prone position, with the table surface hinges
determining the degree of lexion achievable.

Prone Kneeling
Kneeling positions have been used to improve operative conditions in the lumbar and cervicooccipital areas (Fig. 28-18).
Numerous frames have been constructed to support the weight
of a kneeling patient, and their usefulness again depends on
the physique of the patient. If the vertebral column is unstable,
kneeling frames are not as useful as parallel longitudinal supports because kneeling risks application of shearing forces at the
fracture site, with the potential for damage of the contents of the
spinal canal. In massively obese patients who must be operated
on in the prone position, kneeling frames tend to prevent pressure on the abdomen more successfully than longitudinal frames.
However, prolonged kneeling can be fraught with hazards such
as compartment syndrome and soft tissue problems. It appears
that the use of prone kneeling positions is less frequent today
than in the past.

Complications of Prone Positions
Eyes and Ears
The eyes and ears may sustain injury in the prone position. The
eyelids should be closed, and each eye should be protected in
some manner so that the lids cannot be accidentally separated
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their hearts. It may be helpful to use colloids as well as crystalloids
to maintain intravascular volume. Intraoperative positioning that
helps reduce intra-abdominal pressure and, therefore, venous
congestion, may be useful. The use of the Wilson frame and
other positioning devices should be assessed carefully, with a goal
to reduce pressure on the abdomen and to keep the head level
with or higher than the heart. Since the authors found duration
of anesthesia to be an independent risk factor for ischemic optic
neuropathy in this population, it may be prudent to work with
spine surgeons to determine if there is merit to limiting the duration of surgeries that are anticipated to be prolonged, especially
six hours or longer. Staging these procedures may be helpful.

FiGure 28-18. The Andrews kneeling frame with Wiltse’s thoracic
frame in use.

and the cornea scratched. Instillation of lubrication in the eyes
should be considered, although the value of this treatment is
debated. The eyes should also be protected against the head turning after positioning and pressure being exerted on the globe.
Monitoring wires and intravenous tubing should be checked after
5 pronation to see that none has migrated beneath the head. If the
head is retained in the sagittal plane, the eyes should be checked
after positioning to ensure that they are safe from compression
by any headrest.
Conjunctival edema usually occurs in the eyes of the pronated
patient if the head is at or below the level of the heart. It is usually
transient, inconsequential, and requires only re-establishment
of the normal tissue perfusion gradients of the supine position,
or of a slight amount of head-up tilt, to be redistributed. There
does not appear to be any connection between this edema and the
occurrence of posterior ischemic optic neuropathy.

Blindness
4 Permanent loss of vision can occur after nonocular surgical
procedures, especially those performed in a prone position.50
The occurrence of this devastating complication is particularly
associated with extensive surgical procedures done in the prone
position, such as reconstructive spine surgery, where there is
associated blood loss, anemia, and hypotension.
The Postoperative Visual Loss Study Group has recently used
data from the American Society of Anesthesiologists Postoperative
Visual Loss Registry to study ischemic optic neuropathy in spine
fusion patients.50 Using a 1:4 case-control methodology, the authors
found six risk factors, half of which strongly support their speculation that acute venous congestion of the optic canal is a potential
etiology of ischemic optic neuropathy in this setting. The use of a
Wilson surgical bed frame with its elevated curvature resulting in
the head being lower than the heart, obesity with its potential elevation of intra-abdominal pressure in prone-positioned patients, and
long anesthetic durations can all contribute to elevated venous congestion in the optic canal and potentially reduce optic nerve perfusion pressure. The authors also found that increased estimated
blood loss, male gender, and lower percent of colloid administration were independently associated with the development of ischemic optic neuropathy after spinal fusion surgery.
These results suggest that the ASA’s 2012 Practice Advisory on
this issue is relevant.51 Basically, it is prudent to attempt to reduce
venous congestion in the optic canal. That is, prone positioning
should allow the patients’ heads to be level with or higher than

Anesthesia impairs relex muscle spasm that protects the skeleton
against motion that would be painful if the patient were alert. Lateral rotation of the head and neck of an anesthetized, pronated
patient, particularly one with an arthritic cervical spine, can
stretch relaxed skeletal muscles and ligaments and injure articulations of cervical vertebrae. Postoperative neck pain and limitation
of motion can result. The arthritic neck is usually best managed
by keeping the head in the sagittal plane when the patient is prone.
Extremes of head and neck rotation can also interfere with
low in either the ipsilateral or contralateral vessels to and from
the head. Excessive head rotation can reduce low in both the
carotid52 and vertebral systems.53 Impaired cerebral perfusion is
the obvious consequence.

Brachial Plexus Injuries
Stretch injuries to the roots of the brachial plexus (Fig. 28-19A)
on the side contralateral to the turned face are possible if the
contralateral shoulder is held irmly caudad by a wrist restraint.
If an arm is placed on an arm board alongside the head, care
must be taken to ensure that the head of the humerus is not
stretching and compressing the axillary neurovascular bundle
(Fig. 28-19B,C).
When an arm is placed on an arm board alongside the head,
the forearm naturally pronates. As a result, the ulnar nerve, lying
in the cubital tunnel (the groove between the olecranon process
and the medial epicondyle of the humerus), is vulnerable to being
compressed by the weight of the elbow (Fig. 28-19D). Consequently, the medial aspect of the elbow must be well padded and
its weight borne across a large area to avoid point pressure.
Asking patients about their ability to work or sleep with arms
elevated overhead may identify patients with thoracic outlet
obstruction. A useful preoperative test if the history is in question is to have the patient clasp hands behind the occiput during
the interview (Fig. 28-20). If the patient describes dysesthesias, it
may be prudent to keep the arms alongside the trunk in the prone
position. Agonizing, debilitating, and unremitting postoperative
pain has been known to follow overhead arm placement in pronated patients who have had prior discomfort in their arms in
that position.

Breast Injuries
The breasts of a pronated woman, if forced laterally or medially by chest and abdominal wall supports, can be stretched and
injured along their sternal borders. Direct pressure on breasts
(particularly if breast prostheses are present) can cause ischemia
to breast tissue and should be avoided. Multiple cases of breast
tissue ischemia have been reported, often resulting in mastectomy
and the need for reconstruction.
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FiGure 28-19. Sources of potential injury to the brachial plexus and its peripheral components when the patient is in the
prone position. (a) Neck rotation, stretching
roots of the plexus. (B) Compression of the
plexus and vessels between the clavicle and
first rib. (C) Injury to the axillary neurovascular bundle from the head of the humerus.
(D) Compression of the ulnar nerve before,
beyond, and within the cubital tunnel. (E)
Area of vulnerability of the radial nerve to
lateral compression proximal to the elbow.

A
B

E

C

D

abdominal Compression
Compression of the abdomen by the weight of the prone patient’s
trunk can cause viscera to force the diaphragm cephalad enough
to impair ventilation. If intra-abdominal pressure approaches
or exceeds venous pressure, return of blood from the pelvis and
lower extremities is reduced or obstructed. Because the vertebral venous plexuses communicate directly with the abdominal
veins, increased intra-abdominal pressure is transmitted to the
perivertebral and intraspinal surgical ield in the form of venous

distention and increased dificulty with hemostasis. The various
available supportive pads and frames, when properly used, are
designed to remove pressure from the abdomen and avoid these
problems.

Stoma and Genitals
Stoma that drains visceral contents through the abdominal wall is
at risk in the prone position if they lie against a part of any supporting frame or pad. Compressive ischemia of the stomal oriice
6 can cause it to slough. The same issue is present for genitals, especially the penis and scrotum of men turned prone.

head-eleVated Positions
Variations of Head-elevated Positions
Sitting

B

The classic sitting position for surgery places the patient in a semireclining posture on an operating table, with the legs elevated to
approximately the level of the heart and the head lexed ventrally
on the neck (Fig. 28-21). Head lexion should not be suficient
to force the chin into the suprasternal notch (see “Midcervical
Tetraplegia”). Elastic stockings or compressive wraps around the
legs reduce pooling of blood in the lower extremities. The head
often is held in place by some type of a face rest or by a three-pin
skull ixation frame.

Supine—Tilted Head Up

A
FiGure 28-20. Assessment of a potential thoracic outlet syndrome.
(a) This patient has a history of distress when trying to work or sleep
with arms overhead. (B) Interview carried out with this patient’s hands
clasped on occiput and radial pulses checked for damping. Reproduced
from: McLeskey CH, ed. Geriatric Anesthesiology. Baltimore, MD: Williams & Wilkins; 1997:186, with permission.

A supine recumbent position with the head of the patient elevated is used for many operations involving the ventral and
lateral aspects of the head (Fig. 28-22) and neck, and occasionally with the neck lexed, for transcranial access to the top of the
brain. Its purpose is to improve access to the surgical target for
the operating team as well as to drain blood and irrigation solutions away from the wound. The back section of the surgical table
can be elevated as needed to produce a low sitting position (Fig.
28-22A), or the entire table can be rotated head high with the
patient’s extended legs supported by a foot rest (Fig. 28-22B).
Although the degree of tilt typically is not great, small pressure
gradients are created along the vascular axis that can pool blood

A
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FiGure 28-21. a: Conventional neurosurgical sitting position. The legs are at approximately the level of the heart and gently
flexed on the thighs; the feet are supported at right angles to the legs; subgluteal padding protects the sciatic nerve. The frame
of the head holder is properly clamped to the side rails of the back section in the event of hemodynamically significant air embolism. B: Improper attachment of the head frame to the table side rails at the thigh section. In this position, the patient’s head
could not be quickly lowered because it would require disengaging the skull clamp.

in the lower extremities or entrain air in patulous vessels that are
incised above the level of the heart.
For operations around the shoulder joint, the patient may be
placed in a head-elevated semisupine position (Fig. 28-23). The
upper trunk typically is moved laterally until the raised surgical
shoulder extends beyond the edge of the operating table. The
torso is supported so that the hips are on the table, the surgical
shoulder is off and above the table edge, and the head rests on
either a pillow (Fig. 28-23A) or a headrest (Fig. 28-23B). Access
is thereby provided to both the dorsal and ventral aspects of the
shoulder girdle. The surgical arm remains on the front of the
torso and is prepared and draped to be mobile in the surgical
ield.

A

Lateral—Tilted Head Up
The lateral position with the head somewhat elevated, a means of
access to occipitocervical lesions, has also been referred to as the
park bench position. All the stabilizing requirements needed for
the usual lateral position apply. The head may be held irmly in a
three-pin skull ixation holder, which can be readjusted as needed
during surgery, or supported by pillows or padding. Although the
degree of head elevation used typically is <15 degrees, the position does not completely remove the threat of venous air embolization. The anesthesiologist has good access to the patient’s
face and thorax for purposes of monitoring, manipulation, and
resuscitation. Considerable attention should be directed to avoid
compression of neck veins, which can lead to an increase in intracranial pressure and to edema of the tongue.

B
FiGure 28-22. Head-elevated positions often used for operations
about the ventral and ventrolateral aspects of the head, face, neck, and
cervical spine. (a) The legs are at approximately heart level and the gradient into the head is appreciable but slight. (B) The flat table and foot rest
are useful when a thyroidectomy is planned under regional anesthesia.
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out of the exposed wound may be encountered. The posture also
restricts resuscitative access to the thorax.

Complications of Head-elevated Positions
Postural Hypotension
In the anesthetized patient, establishing any of the head-elevated
positions is frequently accompanied by some degree of reduction
in systemic blood pressure. The normal protective relexes are
inhibited by drugs used during anesthesia. Measuring mean arterial pressures at the level of the circle of Willis is recommended by
many to assess cerebral perfusion pressures more accurately. This
recommendation, however, is controversial.54–58

A

air Embolus

B
FiGure 28-23. a: The barber chair position for surgery around the
shoulder joint. B: The upper torso is rotated toward the nonsurgical
shoulder and supported with a firm roll or pad.

Prone—Tilted Head Up
The prone posture with the table rotated head high (Fig. 28-24)
can be used to access dorsal structures of the head and neck. Usually the perceived advantage of this position compared with a sitting position is the avoidance of air embolization. Although the
pressure gradients for air entrainment into patulous veins are less
than in the full sitting position, the hazard is not eliminated. As
a result of the positive-pressure inlation cycle of passive ventilation, a bothersome recurrent lux of cerebrospinal luid into and

Venous air embolization is potentially lethal. In the bloodstream, air migrates to the heart, where it creates a compressible
foam that destroys the propulsive eficiency of ventricular contraction and irritates the conduction system. Air can also move
into the pulmonary vasculature, where bubbles obstruct small
vessels and compromise gas exchange, or it can cross through a
patent foramen ovale to the left side of the heart and the systemic
circulation.
The potential for venous air embolization increases with the
degree of elevation of the operative site above the heart. Although
the occurrence of air emboli is a relatively frequent phenomenon in head-elevated positions, most of the emboli are small in
volume, clinically silent, and recognizable only by sophisticated
Doppler detection or echocardiographic (e.g., transesophageal)
techniques. Nevertheless, the potential for dangerous accumulations
of entrained air requires immediate detection of the embolization, a careful search for its portal of entry, and prompt treatment
of its clinical effects (see Chapter 36).

Edema of the Face, Tongue, and neck
Severe postoperative macroglossia, apparently because of venous
and lymphatic obstruction, can be caused by prolonged, marked
neck lexion. Postoperative need for a tracheostomy has been
reported. Try to avoid placing the patient’s chin irmly against
the chest and use an oral airway to protect the endotracheal tube.
Extremes of neck lexion, with or without head rotation, have
been widely used to gain access to structures in the posterior
fossa and cervical spine, but their potential for damage should
be understood and excessive lexion–rotation avoided if possible. Moore et al.59 have suggested that the primary mechanism
may be neurologically determined rather than being the result of
either vascular obstruction or local trauma. This problem also
has been described with the use of transesophageal echocardiography probes.

Midcervical Tetraplegia
This devastating injury occurs after hyperlexion of the neck, with
5 or without rotation of the head, and is attributed to stretching of the
spinal cord with resulting compromise of its vasculature in the midcervical area. An element of spondylosis or a spondylotic bar may
be involved.60,61 The result is paralysis below the general level of the
FiGure 28-24. The skull-pin headrest used to stabilize a patient in
ifth cervical vertebra. Although most reports in the literature have
the head-elevated prone position. Note the chest rolls used to free the
described the condition as occurring after the use of the sitting posiabdomen from compression and the gluteal strap to minimize caudad
tion, midcervical tetraplegia has also occurred after prolonged, nonslippage after head-up tilt.
forced head lexion for intracranial surgery in the supine position.
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Sciatic nerve

Brachial Plexopathy

Stretch injuries of the sciatic nerve can occur in some seated
patients if the hips are markedly lexed without bending the
knees. Prolonged compression of the sciatic nerve as it emerges
from the pelvis is possible in a thin, seated patient if the buttocks
are not suitably padded. Foot drop may be the result of injuries
to either the sciatic nerve or the common peroneal nerve and can
be bilateral.

A risk of brachial plexus injuries associated with cephalad movement of the patient while the arms or shoulders are secured to the
table with retention materials or shoulder braces is often present
in this position. Cephalad movement when arms are ixated or
when shoulder restraints with either braces, tape, “bean bag”
devices, or other torso restraints are used may result in stretch
of the middle and lower divisions of the brachial plexus. If the
cephalad movement results in a relative hyperabduction of the
shoulder to >90 degrees, the brachial plexus can be stretched as it
courses distally around the hyperabducted head of the humerus.
Depending on the degree of head depression, the addition of tilt
to the lithotomy position combines the worst features of both the
lithotomy and the head-down postures. The weight of abdominal
viscera on the diaphragm adds to whatever abdominal compression is produced by the lexed thighs of an obese patient or of one
placed in an exaggerated lithotomy position. Ventilation should be
assisted or controlled. Because elevation of the lower extremities
above the heart produces an “uphill” perfusion gradient, systemic
hypotension and compressive leg wrapping may limit perfusion to
the periphery, and both can be factors in the development of compartment syndromes in the legs of patients in the lithotomy position.5 This perfusion gradient often is unpredictable and exaggerated, potentially increasing the risk of compartment syndrome.6,7
Cephalad displacement of the diaphragm and obstruction of
its caudad inspiratory stroke accompany a head-down position
because of gravity-shifted abdominal viscera. Consequently, the
work of spontaneous ventilation is increased for an anesthetized
patient in a posture that already worsens the ventilation–perfusion ratio by gravitational accumulation of blood in the poorly
ventilated lung apices. During controlled ventilation, higher
inspiratory pressures are needed to expand the lung.
Cranial vascular congestion and increased intracranial pressure can be expected to result from head-down tilt. For patients
with known or suspected intracranial disease, the position should
be used only in those rare instances in which a surgically useful
alternate posture cannot be found. Maintenance of the position
should then be as brief as possible.
Steep head-down tilt positions (e.g., 30 to 45 degrees of headdown tilt) may require some means of preventing the patient
from sliding cephalad out of position. The use of bent knees is
a satisfactory method for retaining position for the tilted patient
(Fig. 28-25) if the lexed knee joints are placed suficiently caudad

head-doWn Positions
The introduction of robotic procedures has resulted in an
increased use of head-down positions. The great majority of
robotic procedures early in the introduction of the technology
have involved prostatectomies, colorectal, and gynecologic procedures. Thus, most of these initial procedures and the experience
gained with robotic procedures have been performed in the pelvis
and lower abdomen. As with any introduction of new technology,
there is a steep learning curve for the operators. Typically, early
adopters of robotic technology have requested steep head-down
positions of supine patients. These steep head-down positions
have resulted in a variety of complications that challenge anesthesia providers and patients.

Complications of Head-down Positions
Head and neck Injury
During the early years of the introduction of robotic surgery technique, several patients have suffered severe injury and have even
died from body shifts on operating room tables that have been
tilted severely head-down. There are several anecdotes from medicolegal actions involving patients who slid off operating tables
with resulting neck injuries. In one instance, a patient in a supine
and very steep head-down position apparently somersaulted
heels over head off the operating room table and subsequently
died from a massive intracranial bleed. Steep head-down tilt is
not often warranted and should be actively discouraged when
appropriate. Skilled operators often ind that they need less steep
head-down tilt as they gain experience and expertise with robotic
procedures.
FiGure 28-25. Head-down tilt. Lower figure shows
traditional steep (30- to 45-degree) tilt. Leg restraints
and knee flexion stabilize the patient, avoiding the need
for wristlets or shoulder braces that threaten the brachial plexus. Upper figure shows 10 to 15 degrees of
head-down tilt.

ANESTHETIC MANAGEMENT

CHaPTEr 28 Patient Positioning and Potential Injuries

822

SECTIOn VI Anesthetic Management

of the leg–thigh hinge of the tabletop so that the adjacent irm
edge of the depressed leg section of the table cannot indent either
proximal calf or obstruct structures in the popliteal space. Compressive ischemia and phlebitis or a compartment syndrome may
result if either of them occurs.
Historically, shoulder braces also have been used to prevent
cephalad sliding in steep head-down tilt positions. These braces
are best tolerated if placed over the acromioclavicular joints, but
care must be taken to see that the shoulder is not forced suficiently caudad to trap and compress the subclavian neurovascular bundle between the clavicle and the irst rib. If the braces
are placed medially against the root of the neck, they may easily
compress neurovascular structures that emerge from the area of
the scalene musculature. For these and other reasons, the use of
shoulder braces has waned in popularity and should not be used
if possible.
For many of these reasons, steep head-down positions should
be used only when a unique surgical issue requires it for optimal
exposure and only as long as needed for that exposure.

summary
There are many ways that patients can be injured during surgical procedures. Careful consideration of intraoperative and
postoperative positioning may help reduce the frequency and
severity of perioperative positioning-related events. Although
many problems that appear to be related to perioperative positioning may seem simple and preventable, the etiologic mechanisms of many of these problems are often not readily apparent.
Much work still remains to determine the roles of other potential etiologies such as perioperative inlammatory responses,
immunosuppression, and virus activation on the development
of these problems.
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