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“It wasn’t raining when Noah built the arc.”
Howard Joseph Ruff (December 27, 1930–November 12, 2016),  

financial adviser and author of the investing newsletter The Ruff Times

The importance of preparation and attention to detail in the field of neurosur-
gery cannot be overemphasized. Perhaps in no other endeavor of surgery is 
there so little tolerance for error.

In the history of medicine, the chapter on neurosurgery is among the most 
interesting. Archaeological evidence proves that humans were performing 
trephinations since prehistoric times. Despite the early genesis of surgery on 
the human skull and brain, the specialty of neurosurgery is a relatively recent 
evolutionary product of the broader field of general surgery. The field made 
little progress until Harvey Cushing established neurosurgery as a unique disci-
pline in the twentieth century. Our specialty was limited by a poor understand-
ing of pathology, archaic imaging of that pathology, primitive anesthesiology, 
limited intraoperative visualization, and marginal postoperative care.

The past few decades have witnessed dramatic improvements in all of 
these important facets of neurosurgical care: introduction of the operating 
microscope, mind boggling advances in neuroimaging, development of the 
subspecialty of neuroanesthesiology, introduction of neurocritical care, neu-
roendovascular therapy, neuromodulation and molecular biology, to name a 
few. Despite these remarkable advances, the practicing neurosurgeon must 
never lose sight of the basic surgical principles and details that often deter-
mine the outcome for our patients.

The attention to detail required for success in neurosurgery begins with 
patient selection and continues throughout the patient’s hospital course and 
postoperative care. Once the decision for surgery has been agreed upon, every 
detail matters and proper preparation will influence the outcome. The natural 
tendency to focus on high-tech issues may create complacency and neglect of 
the basics.

The editors have provided the first monograph dedicated to the important, 
but often trivialized, issue of surgical positioning in neurosurgical proce-
dures. This seemingly routine issue may have a profound influence on the 
outcome of an otherwise well-planned procedure.

Although certain standard positions are typically used for most com-
mon neurosurgical procedures, the positioning must be tailored to the indi-
vidual patient body habitus and comorbidities. Selection of the appropriate 
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position must balance patient comfort, surgeon comfort, and a vast array of 
physiological issues and therefore must be tailored to the unique patient 
and their procedure.

The contributing authors have created an authoritative reference book that 
includes a balanced presentation of the positions commonly utilized in neu-
rosurgery, alternative positions for unique situations, and a comprehensive 
discussion of the potential complications associated with all positioning 
options. This treatise should be read and studied by neurosurgeons of all lev-
els of training and experience as well as those anesthesiologists who are so 
vitally important in determining the outcomes of our procedures.

Department of Neurosurgery� Daniel L. Barrow
Emory University School of Medicine 		        Pamela R. Rollins
Atlanta, GA, USA
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“I would like to see the day when somebody would be appointed surgeon somewhere who 
had no hands, for the operative part is the least part of the work.” 

—Harvey Cushing

If a neurosurgical patient isn’t positioned well, it can make operating with 
both hands unfeasible for the surgeon. Neurosurgical positioning errors can 
make surgery difficult or impossible in a myriad of ways. Aside from making 
the pathology inaccessible, improper positioning can result in increased 
blood loss, cardiopulmonary complications, and herniation.

Patients undergoing a procedure at the hands of any type of surgeon must 
be positioned properly to allow access to the surgical pathology and to keep 
the patient safe during the procedure. Most surgical specialties involve one or 
two “standard” and well-described positions that allow surgical access. In 
some surgical specialties, positioning requires consideration as a means of 
minimizing blood loss. Some surgical specialties must even give consider-
ation to positioning with regard to using gravity as a means of minimizing 
retraction on eloquent tissues. Neurosurgery requires that we consider all of 
these factors and how they are impacted in a number of different positions.

The neurosurgeon is confronted with variations in pathology that are con-
stantly requiring adjustments to “standard” positions. Thus, a full working 
knowledge of how to position patients to achieve the above desired goals, the 
expected results of the applied position, the complications of the applied 
position, and means of minimizing and/or avoiding those complications is 
necessary. This working knowledge must incorporate existing recommenda-
tions and guidelines and be applied with a reciprocal knowledge of the oper-
ating room nurses and anesthesia personnel for maximum surgical benefit 
with minimum surgical complications. As certain positions are infrequently 
used and operating room personnel and anesthesia providers are often chang-
ing, the neurosurgeon can sometimes find themselves the party most 
acquainted with the position and its attendant risks and benefits.

Our intent is that this work helps to advance the understanding of neurosur-
gical positioning and improve the safety of surgery for neurosurgical patients.

This book owes a great debt to Dr. John Martin and Dr. Mark Warner for their 
pioneering work in the three editions of Positioning in Anesthesia and Surgery.

Memphis, TN� Adam Arthur
Memphis, TN � Kevin Foley
Germantown, TN � C. Wayne Hamm
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�History of Anesthesia 
in Neurological Surgery

Archaeological evidence exists of intracranial 
neurosurgical procedures being performed as 
early as during the Paleolithic period, but there is 
little known about what, if any, efforts were taken 
to anesthetize these subjects before extracting 
sections of their skulls (Fig. 1.1) [1]. There is 
speculation that coca leaves were chewed before 
procedures in areas where the plant grows natu-
rally, but early neurosurgical patients likely 
found themselves having their heads drilled upon 
after a skull fracture or in order to release the 
supernatural elements thought to be causing con-
vulsions or headaches (Figs. 1.2 and 1.3) [1].

Though the Egyptians recorded descriptions 
of spine pathology as early as 2900 BC, some of 
the first known spinal procedures were performed 
in the late fifth and early fourth centuries BC by 
Hippocrates, the father of spine surgery [2]. 
Hippocrates made note of the positions used to 
manipulate the spine and hips for his procedures 
(Figs. 1.4 and 1.5).

In the first century AD, Dioscorides of Greece 
recorded the use of botanical substances for pain 
relief including mandrake, alcohol, and opium 
and he perhaps coined the term “anesthesia” [1]. 
Use of these substances during cranial proce-
dures was not widespread at the time or for years 
to come, as some thought that the pain would 
“render [the patient] strong in endurance” and 
was considered “noble” even as late as the Middle 
Ages (Fig. 1.6).

Modern anesthesia was born in the mid-1800s 
with the advent of antiseptic technique and general 
anesthesia using ether. Dr. Morton in 1846 demon-
strated the use of vaporized ether for surgical 
anesthetic (Fig. 1.7). Ether’s widespread use was 
implemented within a year of its introduction and 
chloroform was used as an anesthetic agent just 
one year later; however, it took several decades for 
the use of these two agents to become prevalent in 
neurosurgical procedures [1, 3]. Once general anes-
thesia was broadly available, surgeons were able to 
perform longer and more complicated surgeries. 
With the utilization of this new technology came 
new hurdles concerning preoperative patient posi-
tioning by the surgeon and the anesthetist. Frequent 
patient complications and deaths were associated 
with the use of ether, and the rate of implementation 
of vital sign monitoring did not increase with the 
rapidity to parallel the drug’s use. Once vital sign 
monitoring devices were widely used, accessing the 
patient’s limbs or anterior chest again influenced 
preoperative positioning.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-72679-3_1&domain=pdf
mailto:Mrober41@uthsc.edu
mailto:jrobertson@semmes-­murphey.com
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Endotracheal tube placement for ventilation 
assistance in neurosurgical operations was first 
used with chloroform anesthesia soon after in the 
late 1870s by Sir William Macewen; oral intuba-
tion, too, took many years to be widely accepted 
[3]. The first general anesthesia department was 
not formed until the 1920s at the University of 
Wisconsin, headed by  Ralph Waters, and anes-
thesia up until this point was performed by the 
surgical team [4].

In the early twentieth century neurosurgical 
operations, especially intracranial procedures, 
involved high morbidity rates. The importance of 
delivering intraoperative intravenous fluids, per-
forming blood transfusions, maintaining ade-
quate blood pressure, and understanding 
cerebrospinal fluid circulation were paramount to 
improving patient outcomes. This was especially 
important in the developing field of neurosur-
gery, as manipulation of the brainstem and spinal 
cord could cause rapid hemodynamic deteriora-
tion in addition to the risks of intraoperative 
blood loss and hypothermia that exist with all 
surgeries.

Many early developments in operative moni-
toring techniques, improving the safety of deliv-
ering anesthetic agents, and in defining 
neurological surgery as a specialized practice can 
be attributed to Harvey Cushing.

�Harvey Cushing

Dr. Harvey Cushing is considered the father of 
neurosurgery in the United States. Cushing, who 
avidly journaled, described experiences while a 
student at Harvard Medical School where he was 
called to anesthetize patients who routinely suf-
fered from the crude mechanisms used in the late 
1800s [5].

Dr. Codman and I having entered the hospital 
together… we gave the anesthesia. I hesitate to 
recall what an awful business it was and how many 
fatalities there were. I was called down from the 
seats (of the surgical amphitheater) and told to put 
the patient to sleep. I proceeded as best I could 
under the orderly’s directions. The operation was 
started… there was a sudden great gush of fluid 
from the patient’s mouth, most of which he inhaled 
and he died… Codman and I resolved that we 
would improve our technique of giving ether.

After witnessing many patients die due to 
ether administration during surgical procedures, 
Cushing and his classmate Earnest Codman 
began regularly recording pulse rate [5].

We made a wager of a dinner as to who could give 
the best anesthesia. We both became very much 
more skillful in our jobs than we otherwise would 
have become but it was particularly due to the 
detailed attention which we had to put upon the 
patient by the careful recording of the pulse rate 
throughout the operation [5].

Co-residents E.  A. Codman and Harvey 
Cushing are credited as the first to regularly record 
patient vital signs and interventions performed by 
those administering anesthesia. Codman was the 
first to record an anesthesia record in 1894 and 
Cushing improved upon it, with his earliest chart 
recorded in 1895 [5]. Pulse rate, respirations, 
pupillary size, mucus production, and drugs used 
were recorded. Though he often made notes of 
pulse quality in his anesthesia notes, Cushing did 
not begin recording blood pressure until 1901 
upon his return from Europe [5].

Fig. 1.1  Patients often received no anesthetics prior to 
“trephination,” the drilling of holes in the skull [1]

M. Roberts and J. H. Robertson



3

Fig. 1.2  Skull fragment carbon dated to the late Neolithic 
to early Bronze Age with evidence of frontal trephination 
found near Berlin. Posterior healed fractures extending 
over the lambdoid suture are also present. The trephination 
could have been employed as a treatment for the posterior 

fracture or perhaps for a separate anterior injury. 
(Reproduced from Piek J, Lidke G, Terberger T. The neo-
lithic skull from Bölkendorf—evidence for Stone Age 
neurosurgery? Cent Eur Neurosurg. 2011;72(1). With 
permission from Thieme)

Fig. 1.3  Instrument used for trephination found in Peru 
as depicted by the handle’s engraving. This was used 
around 1300–1500 BC. Coca leaves were perhaps chewed 
as a pain relief measure prior to cranial procedures [1]

Figs. 1.4 and 1.5  Hippocrates used a platform or upright 
ladder and bound patients to physically reduce spinal cur-
vature with external force. He has been called “the father 
of spine surgery” due to these techniques [3, 4]. 
(Reproduced from Marketos SG, Skiadas P. Hippocrates: 
the father of spine surgery. Spine. 1999;24(13). With per-
mission from Wolters Kluwer Health, Inc.)
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Figs. 1.4 and 1.5  (continued)

Fig. 1.6  Though anesthetic agents were available at the 
time (alcohol, opium, mandrake), pain was thought to be 
useful and its endurance noble—as such, their use was 
uncommon in the Middle Ages [1]

Fig. 1.7  “Ether Day 1846,” a painting by Warren and 
Lucia Prosperi. A public demonstration of anesthesia 
using ether as administered by Dr. Morton (pictured hold-
ing anesthesia delivery device) in the amphitheater of 
Massachusetts General Hospital. (Reproduced from Desai 

SP, Desai MS. A tale of two paintings: depictions of the 
first public demonstration of ether anesthesia, 
Anesthesiology. 2007;106(5). With permission from 
Wolters Kluwer Health, Inc.)

M. Roberts and J. H. Robertson
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On going abroad and getting interested in blood 
pressure I discovered in Padua a simple recording 
instrument in Riva-Rocci’s clinic. On returning 
home I came to utilize this always during the course 
of my neurological operations… A much more elab-
orate ether chart was thereupon prepared, on which 
not only pulse rate and respiration but the systolic 
blood pressure was recorded [5].

Cushing’s excitement for having found an 
objective measure of blood pressure is evident in 
his writings though he was met with considerable 
skepticism upon return to Boston [5–8]. Harvard 
Medical School went so far as suggesting “The 
adoption of blood-pressure observations in surgi-
cal patients does not at present appear to be neces-
sary as a routine measure,” after setting up a study 
to evaluate its merits [5]. Some institutions were 
more enthusiastic and implemented regular 
recordings of this data during surgeries as early as 
1903, as inspired by Cushing’s charts. The routine 
use of measuring physiological signs or charting 
these measurements was not consistently recom-
mended or described in surgical or anesthesia 
literature until the 1920s and was not advocated 
as the standard of care until years later [5].

Though Cushing recognized and promoted the 
crucial role of intraoperative monitoring, he was 
no longer able as a young practicing neurosur-
geon to record and monitor anesthetic adminis-
tration as he did while a medical student and 
intern. His clear recognition of the importance of 
the role of the anesthetist during neurosurgical 
operations and his development of a reliable 
measure of the patient’s status while anesthetized 
served a dual purpose of easing the burden on the 
anesthetist and decreasing operative risk for the 
patient [5]:

Were it possible, therefore, under such circum-
stances for [the anesthetist] to be told with the 
definiteness which figures alone can give, or for 
him to read by a glance at a plotted chart that the 
strength of the cardiac impulse, irrespective of its 
rapidity, was keeping at a normal level or was 
affected in one way or another by certain manipula-
tions, not only would this feeling of responsibility 
be much lightened, but the operative procedure 
might oftentimes be modified with a consequent 
lessening of its risks [6].

While studying and operating abroad in 
England and Switzerland in 1901, Dr. Harvey 

Cushing not only recognized the importance of 
Riva-Rocci’s sphygmomanometer, but also rec-
ognized the importance of integrating laboratory 
research alongside his surgical practice after 
studying under Dr. Theodore Kocher [9, 10]. 
Cushing as a young faculty member of the surgi-
cal department at Johns Hopkins was appointed 
Director of the Hunterian Laboratory by Dr. 
William Halstead in 1904.

�Hunterian Laboratory at Johns 
Hopkins

The Hunterian Laboratory was established at 
Johns Hopkins during the early 1900s by Drs. 
William Welch and William Halstead. In 1904 
after being appointed director of the lab, Cushing 
raised monies and approached the Board of 
Trustees of Johns Hopkins to build a special 
building to enlarge and enhance the Hunterian 
Laboratory. With completion of the new facility, 
Cushing studied surgical technique on anesthe-
tized dogs and emphasized teaching for medical 
students. Medical students performing operations 
on live dogs were taught not only the method of 
tissue dissection, but also learned the importance 
of aseptic technique, meticulous recordings of 
laboratory data, surgical and postoperative notes, 
and the benefits of postmortem exams [10].

Harvey Cushing modeled the life of a physi-
cian, surgeon, and scientist. His work in the 
Hunterian Laboratory has been described as “one 
of Cushing’s most significant contributions to 
American surgery” [5]. As Cushing’s personal 
workshop for experimental surgery, the Hunterian 
Laboratory yielded numerous fundamental dis-
coveries in the field of neuroscience  during 
Cushing's tenure at Johns Hopkins [9]. One such 
development was a “precordial stethoscope,” a 
tool for monitoring heart sounds without the need 
for maintaining a hand on the patient’s chest in 
order to palpate the heart rhythm and quality. 
This was achieved by strapping a transmitter to 
the anterior chest of dogs and passing a long rub-
ber tube to an aural receiver that the anesthetist 
could listen through while freeing their hands [5]. 
The skills practiced in the Hunterian Laboratory 
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were translated into the operating room and 
paved the way for a safer anesthetic environment 
for Cushing’s and his colleagues’ patients. These 
developments also allowed for more freedom in 
patient positioning, as vital sign monitoring no 
longer required continual physical contact with 
the patient.

Dr. George Washington Crile (Fig. 1.8), a co-
founder of the Cleveland Clinic and its first presi-
dent, carried out extensive blood pressure 
experiments in a dog lab as well, outlining the 
effects of adrenaline, saline, and pneumatic pres-
sure in increasing blood pressure (Fig. 1.9). He 
also recognized and described acidosis as effect-
ing from shock and suggested bicarbonate as an 
antidote [8]. Crile too, like Cushing, was inspired 
to improve upon the existing meager knowledge 
of blood pressure monitoring and shock after he 
encountered the tragic death of a patient—a 
young man whose legs had been crushed by a 
train and who subsequently died of hemorrhagic 
shock [8]. He is credited with being the first to 
administer a successful human-to-human blood 

transfusion in 1906, and his experimentation with 
volume repletion and blood pressure monitoring 
in patients with shock are especially noteworthy 
[8, 11].

�Local Anesthesia

Also stemming from his aversion to improperly 
administered general anesthetic were Cushing’s 
experimentations with the uses of local anes-
thetic, in particular cocaine [5]. Though his 
teacher Halstead had used cocaine for nerve 
blocking in 1884, Cushing was not largely 
exposed to its use during his training under Dr. 
Halsted. Cushing “resurrected” the local nerve 
block using cocaine and coined the term 
“regional anesthesia” in 1902 preferentially 
over “local anesthesia” [5, 8]. Although widely 
used because of its safety, regional anesthesia 
had its limitations as noted by Dr. Charles 
H. Frazier: “No doubt the operation can be per-
formed under local or regional anaesthesia but 
in our experience the patient welcomes loss of 
consciousness” [12].

�Positioning in Neurological Surgery

Positioning a patient prior to an operation on 
either the spine, brain, or peripheral nervous 
system is of utmost importance in neurological 
surgery. Ideal positioning results in maximum 
access to the patient for the surgeon and anesthe-
tist and reduces the risk of patient injury. 
Historical developments in the techniques used 
to position patients have occurred in congruence 
with technological and scientific progress in sur-
gery. Many of these advancements occurred 
through trial and error in the operating room. 
Hurdles encountered during neurological surger-
ies have spurred numerous inventions, tech-
niques, surgical approaches, and equipment 
adjustments. This trend of problem identification 
and resulting progress has benefits that reach 
beyond the scope of neurosurgery and has influ-
enced the standards of care in neurosurgical posi-
tioning over time.

Fig. 1.8  Photography of Dr. George Washington Crile in 
1905. Dr. Crile, a general surgeon in Ohio and friend of 
Cushing’s, made great contributions to medicine through 
his studies of blood pressure and treatments for shock. 
These advancements allowed for volume repletion during 
prolonged neurosurgeries or those that caused significant 
blood loss. He carried out many of these experiments in a 
dog lab in Cleveland, much like Cushing at the Hunterian 
Lab [10]

M. Roberts and J. H. Robertson
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Before the patient can be appropriately posi-
tioned, they must be transferred to the operat-
ing table. Patient transfer assistant devices such 
as slider boards and roll aids have become 
implemented since the 1990s and can ease the 
physical burden of safely transferring patients 
to the operating table. Prior to this, physical 
lifting or pushing/pulling the patient horizon-
tally if the patient could not move over to the 
table themselves was standard. The majority of 
improvements regarding safety for both the 
patient and those assisting in the transfer have 
come in the form of education and courses in 
proper technique.

Once on the table and anesthetized, special 
care must be taken to ensure that the patient is 
sufficiently secured to the table and to prevent 
development of pressure ulcers or peripheral 
nerve injury. Points of pressure or traction on the 
patient’s body must be recognized and protected 
after anesthetizing and prior to sterile draping. 
From early use of sheets, blankets, and pillows to 
the use of foam and invention of viscoelastic gel 
cushioning today, the developments in table 
padding have significantly reduced the frequency 
of pressure ulcers caused during surgeries.

Much of the development and changes regard-
ing the supine or prone positions for intracranial 
surgery have required changes with the operating 
table, including developments in padding, move-
able parts of the table, and increased safety mea-
sures (Figs. 1.10 and 1.11). Variations of the 

supine, lateral, or prone intracranial approaches 
may involve rotating or flexing the neck to posi-
tion the head and adjusting the limbs and torso to 
achieve the desired physiological position for the 
patient during the surgical procedure. Fixation of 
the head is critical for positions such as the park-
bench, three-quarter (lateral oblique) prone, 
Concorde, and others. Skeletal fixation of the 
head may be accomplished with a three- or four-
pin fixation. The most commonly used cranial 
fixation device is the Mayfield frame, which was 
introduced in the 1970s (Fig. 1.12).

As general anesthetics have become safer and 
intraoperative monitoring improved over time, 
patients have tolerated longer and more complex 
procedures. As the length of surgeries has 
increased, so have injuries related to positioning. 
Peripheral nerve injuries such as ulnar or brachial 
nerve palsies have long been potential adverse 
outcomes that increase in frequency with the 
length of each operation. Positioning the arms 
out laterally during supine operations has allowed 
the anesthetist easier access to the patient’s arms 
for blood pressure monitoring and administration 
of drugs and fluids.

�Use of the Operating Microscope

Operating microscopes were first utilized in neu-
rosurgery by Dr. Theodore Kurze at UCLA in 
1957 for the removal of a CNVII schwannoma 

Fig. 1.9  A pneumatic rubber suit invented by Dr. George 
Washington Crile. This suit was designed to combat 
shock and was laced on the patient then inflated with a 
bike tire pump. Although this suit was abandoned by 

Crile, he worked in conjunction with Goodyear Tire and 
Rubber Company to adapt this design for antigravity suits 
used by pilots during World War I [10–12]

1  Positioning Patients for Neurosurgical Procedures: A Historical Perspective



8

from a child [13]. Improvement to the micro-
scope including illumination, stabilization, multiple 
viewing ports for surgical assistance, increased 
magnification, mouth piece driving, and imaging 
integration with MR or CT viewing through the 
eyepiece has drastically changed the surgeon’s 

ability to more thoroughly and precisely access 
and visualize intracranial pathology. Through 
augmentation of surgical access, more complex 
cases are now being operated on, which can 
increase the length of operative time. During 
these cases, it is imperative to pay the utmost 

Figs. 1.10 and 1.11  Patents submitted for operating tables in 1888 and 1968. As the complexity and length of 
neurological surgeries has increased over time, so have the requisite mobility and safety of operating tables [13, 14]

M. Roberts and J. H. Robertson
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attention to preoperative positioning. Once the 
patient is positioned in anticipation of using the 
microscope, extensive padding of all the patient’s 
pressure points without inhibiting proper access 
for anesthesia staff are important for reducing 
risk of injury.

The operating room layout itself has changed 
over the last half century to accommodate large 
operating microscopes and to allow for the sur-
geon and assistants to sit if desired. Before ster-
ilely prepping and draping the patient, equipment 
must be gathered and positioned in the best pos-
sible formation to prevent unnecessary intraop-
erative manipulation that could prolong operative 
and anesthetic time.

Though microscopes were first used for intra-
cranial surgeries within neurosurgery, they are of 
course widely implemented for spinal procedures 
as well. In spinal procedures, the operating room 
layout must adapt not only for the operating 
microscope, but also the use of imaging with 
C arm and tables that allow intraoperative 
maneuvering.

�Endovascular Suite

With the advent of newer imaging technologies, 
neurosurgery has grown to include endovascular 
interventions that are performed in an endovas-
cular suite which has brought about new posi-
tioning considerations. The supine position is 
preferred for procedures using the angiography 
machine for easy access to the groin or arms. 
These tables are fixed and disallow any more 
than subtle position changes during a procedure, 
so as to permit free movement of the fluoroscopic 
C-arms around the patient’s head. This limitation 
is of particular importance when an acute increase 
in intracranial pressure occurs during a proce-
dure, as the anesthetist cannot simply raise the 
head of the bed to assist in lowering the pressure, 
a feature that is easily achievable in modern oper-
ating rooms with a standard operating table. 
Hybrid operating suites with fully mobile operat-
ing tables and angiography machines are a mod-
ern solution to this problem and are becoming 
increasingly more common in large care centers.

Figs. 1.10 and 1.11  (continued)
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�Cranial Procedures

�Supine Position
Patient positioning for intracranial surgical pro-
cedures is determined by the location of the 
pathology and surgical approach selected. For all 
operative positions, care should be taken to 
decrease the risk of intracranial venous engorge-
ment which could lead to an increase in intracra-
nial pressure. Simply avoiding extreme turning 
of the head and neck during positioning of the 
patient and elevating the patient’s head after 

securing the operative position are recommended 
for all intracranial procedures.

The majority of intracranial procedures are 
currently and have traditionally been performed 
with the patient in the supine position. The supine 
position is chosen for procedures in the frontal, 
temporal, and anterior parietal areas and for 
many skull base approaches. The various surgical 
approaches in the supine position may require 
turning the patient’s head and neck or elevating 
one shoulder to rotate the upper trunk. Changes 
in the supine position over time correspond with 

Fig. 1.12  Patent 
submitted for Surgical 
Head clamp in 1978. 
The implementation of 
the three point headrest 
has allowed for fixation 
of the head to the table 
so as to prevent 
intraoperative 
movement [15]

M. Roberts and J. H. Robertson
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advancements in operating table, anesthesia, 
headrest, microscope, and padding technologies.

�Lateral Position
A lateral approach with the head maintained in a 
neutral position may be selected for middle cra-
nial fossa skull base approaches. For surgical 
approaches to the lateral posterior fossa or cra-
niocervical junction, implementation of the park-
bench and three-quarter (lateral oblique) 
variations of the lateral position provided 
improved operative exposure. Use of the lateral 
position lessens blood pooling in the surgical 
field both through relief of pressure from the 
abdomen which allows for decreased compres-
sion of the vena cava as well as gravitational 
drainage. Variations of the lateral approach 
involve rotating or flexing the neck to position 
the head and adjusting the limbs and torso to 
achieve the desired physiological position for the 
patient during the surgical procedure.

�Prone Position
The prone position is most commonly chosen for 
unilateral or bilateral suboccipital craniotomies 
to address cerebellar or fourth ventricular pathol-
ogy of the posterior fossa. The three-quarter 
prone position (lateral oblique or park bench) 
with the table tilted to elevate the head is used for 
exposure of the posterior parietal, occipital, lateral 
suboccipital, and craniocervical junction.

Patients are most often intubated and anesthe-
tized in the supine position on a stretcher and 
then transferred over to the operating table by 
rotating them prone. Endotracheal tube position-
ing is of particular importance in neurosurgery as 
compared to other areas of anesthesia, as manip-
ulation of the head and neck during positioning 
puts the tube at greater risk of being kinked or 
moved [14]. This is particularly important when 
operating on patients in the prone position, as 
close monitoring of the endotracheal tube is 
required when rolling them over after 
intubation.

One possible alternative to intubating a patient 
prior to rotating for prone positioning would be 
to first perform an awake intubation using light 
sedation and topical anesthetics for the oropharynx 

before allowing the patient to position themselves 
comfortably on the operating table [15]. This 
technique, of course, would require a mobile, 
cooperative patient who is able to communicate 
nonverbally and is not widely used for neurosur-
gical procedures. There is also a risk of slipping 
and falling in an open table; therefore, only regu-
lar operating tables should be considered for this 
maneuver.

�Spine Procedures

�Prone Position
The majority of spinal surgeries are routinely 
approached with the patient in a prone position 
(Fig. 1.13). Herniated discs were not described as 
a distinct pathology until 1911 and were thought to 
represent benign tumors. Operative management 
of herniated discs by laminotomy with an intradu-
ral approach for discectomy was described in 
1934. The laminotomy for extradural removal of 
herniated lumbar and cervical discs has since 
remained the standard surgical procedure for disc 
herniations. Once used intracranially, microscopes 
were quickly adopted for spinal procedures. The 
first microsurgeries of the spine were described by 
Yasargil and Caspar in 1977 though lumbar dis-
cectomies were being performed under the micro-
scope as early as 1968 [2]. In 1953, the posterior 
lumbar interbody fusion was first described [2], 
and over the past three decades there have been 

Fig. 1.13  The prone position for a cervical spine opera-
tion, described by Dr. Elsber in this 1916 book, Diagnosis 
and treatment of surgical diseases of the spinal cord and 
its membranes [16]
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significant advancements in spinal operative 
approaches, instrumentation, and fusion tech-
niques requiring adjustments in patient positioning 
and the operating room layout.

A key consideration for surgeries with the 
patient positioned prone is venous congestion 
caused by pressure on the abdomen. Despite 
knowledge of the valveless anatomy of spinal 
veins, the prone position was not adapted to 
relieve abdominal pressure until the 1930–1940s 
(Figs. 1.14 and 1.15) [16]. In 1949, Ecker first 
described the adaptation of the prone position to 
account for increased abdominal pressure [17]. 
Dr. Hunter noted in 1952 that “any improvement 
in access to the lumbar spine which is attained by 
mid-line pressure on the anterior abdominal wall 
is obtained at the expense of quite a serious circu-
latory upset" [14]. The use of open frames posi-
tioned on the operating table has greatly 
advanced  the prone position in the past half 
century.

Temperature control is attained more readily 
in the prone patient as compared to a patient in 
sitting position, as warming blankets can be 
placed below and on top of the patient [18]. 
Improvements in the ability to warm the patient 
include availability of warming machines for 
blankets, temperature controlled operating 
rooms, and use of machines that deliver warm air 

circulated over the patient’s body but do not 
interfere with the sterile field. Concomitant 
improvement in patient position and padding 
were important in avoiding pressure injuries, as 
heat increases the chances of pressure-related 
injuries.

A variant of the prone position for spine sur-
gery is the kneeling position. This position has 
been demonstrated to decrease intraoperative 
blood loss as compared to a traditional prone 
position but implementation has the trade-off of 
taking more time to position the patient [19].

�Lateral Position
The first mention of lumbar disc surgery in scien-
tific literature comes from the Mayo Clinic in 
1937 [17]. Although opening of the spinal canal 
was a relatively uncommon surgery up until the 
1950s, the lateral position was described as being 
used in 1957  in order to have blood fall away 
from the surgical field [17]. Improvement in 
patient positioning devices that relieve pressure 
from the IVC and thus reduce venous congestion 
have allowed better visualization of the operative 
field and a movement away from the lateral posi-
tion. Positioning patients in a neutral and sym-
metrical manner is important for spinal operations 
that involve instrumentation and fixation, which 
is of course much more prevalent today.

Fig. 1.14  In this photo, the patient is positioned with pil-
lows and blankets underneath the abdomen in order to 
make the lumbar spine “prominent” for laminectomy, as 
noted by the author. Though this allowed for better expo-
sure, the increased pressure on the abdomen likely caused 
increased pressure on the inferior vena cava, and therefore 
increased bleeding [16].

Fig. 1.15  A slight modification of the prone position is 
the semi-prone, which was used to allow for increased 
visualization of the surgical field by allowing gravity to 
draw blood away from the site of operation rather than 
pooling over the surgical bed [16]
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The lateral position is still used for operations 
such as direct lateral interbody fusions, though 
positioning decisions are more likely influenced 
by technical access and exposure, rather than for 
benefits of decreased blood pooling with midline 
incisions [20]. The lateral position is not always 
implemented for this procedure; in the United 
Kingdom, this operation is at times carried out in 
a prone position.

�Supine Position
Anterior spine surgery comprises a large portion 
of neurosurgical spine operations. Anterior cervi-
cal discectomy and fixation surgeries were first 
introduced in the mid-1950s. Instrumentation 
with wiring quickly gave way to plating after its 
introduction in the 1980s. The anterior lumbar 
interbody fusion technique was first described in 
1956 and allowed for access to the anterior verte-
brae while leaving the posterior elements intact 
[2]. As noted previously, the supine position is 
the most common and longest-used position in 
intracranial neurosurgical operations and 
advances in this position were widely imple-
mented by the time that anterior fixation devices 
became available and commonly used.

�Sitting Position
Positioning patients in a sitting position during neu-
rosurgical procedures was first introduced by 
Thierry de Martel in 1913 for the removal of a brain 
tumor and was performed under local anesthesia 
[21, 22]. The popularity of this position for proce-
dures of the cervical spine and posterior fossa 
peaked in the 1960s and 1970s. Clear advantages of 
gravity assist with drainage away from rather than 
pooling of blood in the surgical site allow for a 
cleaner procedure and positioning allows for better 
technical access than the prone position, as well as 
ease of intraoperative monitoring and drug adminis-
tration by the anesthetist. Additional benefits 
include decreased orbital pressure with use of 
various head holders as compared to a horseshoe 
in the prone position (Fig. 1.16).

In 1935, Dr. Gardner of the Cleveland Clinic 
described positioning patients in a dental chair 
using a cerebellar head rest to the exclusion of 
using the “horizontal position” for posterior 

fossa surgeries in all but one case, and in select 
supratentorial and cervical spine cases [23]. He 
noted the advantages of decreased intracranial 
venous pressure and resultant decreased venous 
bleeding, decreased cerebral edema due to less 
need for retraction, ease of respiration, better 
surgical access, as well as better positioning for 
the anesthetist. Disadvantages included occa-
sional rapid and profound shock and the risk of 
air embolism [23].

Despite the risk of air embolism, some sur-
geons prefer a semisitting position for operations 
involving the posterior fossa. The advantages of 
the semisitting position include improved venous 
drainage to reduce venous congestion and a 
decrease in CSF and blood collecting in the depth 
of the exposure.

Early descriptions of anesthetic concerns 
when using the sitting position involve carefully 
avoiding hypotension while the patient’s head is 
elevated, cervical access for jugular massage, 
access to the precordium for smooth anesthesia 
delivery as well as monitoring of heart rate and 

Fig. 1.16  Sitting position for a suboccipital craniotomy. 
The patient’s head is flexed anteriorly for better exposure 
of the posterior fossa and is secured to the head rest with 
a strap [18]

1  Positioning Patients for Neurosurgical Procedures: A Historical Perspective
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blood pressure, and avoidance of air embolisms 
during operations [14]. Wrapping of the patient’s 
legs from the ankle to the groin or thigh-high 
compression hose have been used to increase 
venous return and avoid postural hypotension in 
the seated position [24]. Antigravity suits were 
used in the past to prevent pooling of blood in the 
extremities and subsequent hypotension [25]. 
Drs. Gardner and Dohn in the 1950s describe 
using an antigravity suit to combat hypotension 
and then improving upon it by creating their own 
compression device for the legs, pelvis, and 
abdomen [11, 25]. They noted its effectiveness 
not only in maintaining blood pressure, but also 
in increasing venous return and thus decreasing 
the risk of air embolism [25]. Prior to this in 
1903, Dr. Crile first described use of a specially 
made rubber suit that was double-layered and 
filled with a bicycle pump to achieve the effect of 
increasing blood pressure during operations in 
the semisitting position (Fig. 1.9); Dr. Crile went 
on to win the Cartwright Prize for his essays in 
experimentation with blood pressure [25]. 
Pneumatic compression devices were not widely 
used in a surgical setting but the antigravity suit’s 
use was resurrected in the late 1960s and early 
1970s in Vietnam for emergency resuscitative 
care in the primitive conditions until transport to 
a surgical facility was possible [11].

Despite the popularity of the sitting position, 
many surgeons avoided it altogether due to the 
increased risk of venous air embolism (VAE) [18, 
26, 27]. The first reported case of VAE occurred 
in 1830 during the removal of a facial mass [22]. 
Since then, monitoring during operations in the 
seated position have largely centered around 
detecting VAEs and intervening to aspirate the 
air. Blood pressure, heart rate, patient gasp, pre-
cordial and esophageal auscultation, end tidal 
CO2, central venous pressure monitoring, and 
EKG have all been used to detect air embolisms, 
but these measures typically are not positive until 
physiologic deterioration is already underway. 
Sensitivity was greatly increased with the com-
mon use of Doppler ultrasonography monitoring 
for VAE by the 1970s [22, 28, 29]. Central venous 
catheter placement prior to surgery has also 
allowed for aspiration of air from the heart cham-

bers when it is detected prior to having a detri-
mental physiologic effect [29]. Operations using 
alternative positioning techniques are not exempt 
from VAE risk, which can occur any time that the 
head is elevated above the heart.

Decreased use of this positioning technique 
has continued over time [30]. In the 1960s, neu-
rosurgeons in Toronto largely transitioned to 
prone positioning rather than sitting for operating 
on posterior fossa pathology [18]. They cite dif-
ficulties in positioning as a major contributor to 
this decision, as problems with patients’ slipping 
down, causing cervical hyperflexion, and dis-
lodging the endotracheal tube were most con-
cerning and alleviated by using the prone position 
and 15–20° of reverse Trendelenburg.

The use of the sitting position and its variants 
is largely institution dependent. No concrete 
criteria exist for preoperative determination of 
patient positioning, and the choice to use the sit-
ting position is largely dependent on surgeon pre-
dilection and training coupled with anesthesia’s 
capabilities. In 1981, 53% of neurosurgical cen-
ters in the United Kingdom used the sitting posi-
tion for patients undergoing posterior fossa 
surgery and 11% for cervical spine surgeries. Ten 
years later in 1991, this had decreased to 20% for 
posterior fossa surgery [22]. This decline was 
paralleled in the United States; Mayo Clinic 
reported a greater than 50% decline in its use of 
the sitting position for posterior fossa surgeries 
over a 5-year span in the 1980s [22].

Spontaneous respirations were at times pre-
ferred for posterior fossa and CPA surgeries in the 
seated position so as to monitor respiratory effects 
of brainstem manipulation, though controlled 
breathing is now widely preferred [18]. The deci-
sion to use spontaneous respirations or controlled 
positive-negative pressure ventilation is especially 
important when considering the potential for 
venous air embolism. Air embolisms were found 
to occur more frequently when patients are in a 
seated position and breathing spontaneously. This 
risk is reduced by use of controlled ventilation and 
even more so when the patient is positioned prone 
or supine though the risk is still not zero [18]. Over 
time, with the advent of better monitoring for 
air embolism beyond vital sign recording, its 
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incidence was found to be higher than was sus-
pected. Ultrasound improves detection a great deal 
and was implemented by the early 1970s though 
variation in technology and technique exists 
amongst hospitals.

Litigation against the neurosurgical team for 
poor patient outcomes from surgeries performed 
in the sitting position could be another driving 
force influencing the frequency with which this 
position is used. Though cases involving the sit-
ting position have decreased over time, the exact 
cause for this is uncertain but could involve either 
a decreased frequency of use for fear of poor 
outcomes and subsequent litigation, or reflect a 
better handling of the positioning technique such 
that poor outcomes are decreased with its 
increased implementation.

Use of the sitting position, perhaps more than 
any of the other positions used in neurosurgery, 
demonstrates the important relationship between 
the neuroanesthesia team and the surgical team 
as well as underscores the necessity of preopera-
tive planning and properly informing the patients 
of the risks associated with any operation.

�Partnership Between  
Neuroanesthetist 
and Neurosurgeon

Though neurosurgical techniques from various 
cranial and spinal approaches have greatly 
improved over time, the concurrent improve-
ments in neuroanesthesia have been of vital 
importance to decreasing patient mortality and to 
improving patient outcomes.

“…in every neurosurgical clinic, operations are 
begun which cannot be completed for reasons 
directly traceable to the activities of the anesthetist 
and that the number of such cases varies inversely 
with his skill [14].”

The importance of the relationship between a 
neurosurgeon and his or her partnered anesthetist 
cannot be overemphasized. Cushing’s respect for 
proper anesthesia delivery and great anesthetists 
is relevant today. He attributed much of his suc-
cess as a surgeon to the anesthetist or “etherist” 
Dr. S. Griffith Davis through implementation of 

monitoring techniques that Cushing himself 
created [5]. Dr. Crile worked closely for many 
years with Agatha Hodgkins who went on to 
together found one of the first nurse anesthetist 
schools, again emphasizing the importance and 
intimacy of the relationship between anesthetist 
and surgeon [8]. Now there exists amongst neu-
rosurgical teams a better application of patient 
positioning and perioperative anesthesia manage-
ment based on patient need.

�A Brief History of Semmes-Murphey 
Neurosurgery in Memphis, 
Tennessee

Dr. Eustace Semmes (Fig. 1.17) and Dr. Walter 
Dandy were college classmates and graduated 
from the University of Missouri (1903–1907). 
Their college education provided their basic 
medical training which allowed them to transfer 
to Johns Hopkins Medical School as second year 
medical students in 1907. During their medical 
education, they were strongly influenced by the 
Hopkins surgical faculty, by the Surgeon in Chief 
Dr. William Halstead, and by Dr. Harvey Cushing 

Fig. 1.17  Dr. Eustace Semmes (1885–1982) of Memphis, 
Tennessee. Dr. Semmes, after training under Dr. Cushing 
and alongside Dr. Walter Dandy, returned to his home-
town to first practice both general and neurological sur-
gery and eventually establish the first dedicated 
neurosurgical practice in the Mid-South: Semmes-
Murphey [20]. (Reproduced from Krier C, Knauff 
S. Monitoring for neurosurgical procedures in the sitting 
position. Acta Anaesthesiol Belg. 1980;31(Suppl):101–5. 
With permission from Acta Medica Belgica)
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who at the time was developing the new surgical 
field of neurosurgery.

In 1908, Cushing removed a tumor from the 
cerebral cortex of a conscious patient who 
received neither anesthetic nor experienced pain 
during the operation. It was reported that Dr. 
Cushing and the patient conversed during the 
procedure [31]. Cushing established his neuro-
surgical preeminence in 1910 in an authoritative 
address on The Special Field of Neurological 
Surgery: Five Years Later [32].

It was during this seminal period of neurosurgi-
cal history that these medical students were intro-
duced to surgical principles and anesthesia methods 
in the Hunterian Laboratory directed by Dr. 
Cushing. After graduating from medical school, 
Dr. Semmes and Dr. Dandy interned at Johns 
Hopkins. They worked on Dr. Cushing’s service 
caring for his patients and observing his neurosur-
gical procedures. After completing his internship, 
and on the recommendation of Dr. Halstead, Dr. 
Semmes spent one year in New York for a general 
residency in surgery at the Women’s Hospital.

Dr. Eustace Semmes returned in 1912 to his 
hometown of Memphis, Tennessee after complet-
ing his training under Dr. Cushing. His arrival 
coincided with the opening of a new 150 bed 
medical facility, Baptist Memorial Hospital just 
one year after the establishment of the University 
of Tennessee Medical School in Memphis in 
1911. Dr. Semmes received an academic appoint-
ment in the University of Tennessee Department 
of Surgery where he began practicing general 
surgery but eventually limited his operations to 
only neurosurgical patients.

Dr. Semmes was the first practicing neurosur-
geon in the Mid-South and under his leadership, 
neurosurgery in Memphis grew to at one point 
boast the largest number of neurosurgeons per 
capita than any other city in the United States. In 
1932, the University of Tennessee Department of 
Neurosurgery was established under the 
Chairmanship of Dr. Semmes. His first neurosur-
gical trainee was Dr. Francis Murphey who came 
to Memphis in 1934 following a year of intern-
ship in Chicago. Dr. Murphey would become Dr. 
Semmes future neurosurgical associate, and 

together they would establish the Semmes-
Murphey Clinic.

Safe general anesthesia was not available dur-
ing the first several decades of Dr. Semmes gen-
eral surgery and neurosurgical practice. He was 
influenced by his experience with Dr. Cushing, 
and preferred local regional anesthesia for many 
neurosurgical operations, rather than using gen-
eral anesthetics. A patient treated by Dr. Semmes 
in her teens for a posterior fossa tumor, returned 
some 30  years later for treatment of a tumor 
recurrence. At her preoperative visit, she recalled 
undergoing her surgery under local anesthesia. 
She described “watching the blood run from her 
head and drip down on to Dr. Semmes’s shoe” 
while she lay in a prone position in a horseshoe 
headrest. Dr. Semmes, in a monolith about lum-
bar disc operations which he dedicated to his 
patients, advised, “In working with local anesthe-
sia, the surgeon cannot afford to show any sign of 
alarm or to lose his temper—which makes it bet-
ter for the patient, the surgical team, and the sur-
geon” [33]. As the administration of anesthetics 
became safer over time with better intraoperative 
monitoring, the vast majority of both cranial and 
spine procedures were performed under general 
anesthesia.

The supine position has been the primary sur-
gical position used by Semmes-Murphey neuro-
surgeons for cranial surgeries, carotid 
endarterectomies, and anterior cervical or lumbar 
spine procedures. Depending upon the cranial 
approach, head rotation or flexion has been nec-
essary to enhance the surgical exposure. For ante-
rior lumbar spine procedures, general surgery 
assistance may be needed for transabdominal 
access. Types of supine positioning employed for 
neurosurgical cases have included (1) a horizon-
tal supine position used for anterior cervical or 
lumbar procedures, (2) a lawn chair supine posi-
tion with 15° of angulation and flexion at the 
trunk-thigh-knee with proper padding and slight 
elevation of the head for extended cranial proce-
dures, and (3) a reverse Trendelenburg supine 
position to elevate the head and trunk when 
optimal cerebral venous drainage and reduced 
intracranial pressure is needed.
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The preference of the prone position over the 
sitting position for cranial approaches by 
Semmes-Murphey neurosurgeons has been lim-
ited to lesions of the occipital brain, midline pos-
terior fossa, and pineal region. All surgeries 
involving the posterior spinal axis have been rou-
tinely approached with the patient in a prone 
position. Unlike the supine position for cranial 
procedures, two critical maneuvers have been 
necessary to reduce intracranial venous pressure 
and excessive blood loss: elevating the patient’s 
head and torso to improve cerebral venous drain-
age, and the proper use of chest rolls or special 
table frames (Wilson, Jackson, etc.) to avoid 
compression of the vena cava. Reduction of spi-
nal epidural venous bleeding during thoracic or 
lumbar spinal procedures has required the use of 
chest rolls and special table frames. Head eleva-
tion has been necessary for posterior cervical 
procedures to reduce venous blood loss. The 
prone Concorde position was used prior to accep-
tance of the sitting position in Memphis for 
occipital transtentorial or supracerebellar 
infratentorial approaches to the pineal region or 
tentorial notch area.

Early use of the sitting position by Semmes-
Murphey neurosurgeons for cervical spine and 
posterior fossa pathology resulted in several 
adverse outcomes related to venous air embo-
lism. As a result, the sitting position was largely 
abandoned in favor of the prone position for 
many years by Semmes-Murphey physicians and 
University of Tennessee-trained neurosurgical 
residents. Close collaboration between the senior 
author and anesthesia in the early 1980s, with 
extensive perioperative preparation and intraop-
erative monitoring, led to a revival in the use of 
the sitting position for selective neurosurgical 
cases involving the midline posterior fossa and 
pineal region. Of all neurosurgical positions 
employed, the success of the sitting position for 
neurosurgical cases was found to be dependent 
upon close communication at all stages of the 
surgical procedure between the operating neuro-
surgeon and the anesthetist.

The lateral position was traditionally used in 
Memphis for cranial approaches involving the 

temporal lobe, lateral supratentorial skull base, 
posterior fossa at the cerebellopontine angle, and 
craniocervical junction. The major limitation of 
the lateral position was with ventilation though it 
did provide the added benefit of removing pres-
sure from the abdomen and allowing blood to 
flow away from the surgical field. When employ-
ing any of the lateral positions, one should apply 
the appropriate padding of the torso and extremi-
ties, and secure the patient on the operating table. 
This will prevent movement of the patient if the 
table should be rotated by the surgeon to gain 
additional surgical exposure.

�Conclusion

As was mentioned in anesthesia guidelines set 
out in 1952, proper control of intracranial pres-
sure and venous pressure are of critical impor-
tance during neurosurgical cases and are first 
manipulated during positioning. As such, “the 
responsibility of the neurosurgical anesthetist is 
thus far heavier than that of his colleagues in 
other fields [14].” Charles Robert Allen, Professor 
Emeritus with the Department of Anesthesiology 
at the University of Texas noted in 1942  in his 
Forward to the Second Edition of Positioning in 
Anesthesia and Surgery:

On physiologic analysis it became evident that 
some patients were going into shock, not because 
of the anesthetic and surgical procedures per se, 
but because of the physiologic distress that 
occurred when anesthetic depression and surgical 
trauma were superimposed upon respiratory and 
cardiovascular impairment produced by improp-
erly positioning patients on operating tables.

We now  understand the physiology behind 
these events better and, more importantly, con-
sider the possible consequences before we posi-
tion patients. Do we have standard of care 
methods extant for positioning of neurosurgical 
patients to prevent the problems that our patients 
continue to manifest? No, and perhaps rightly so 
as neurosurgery is constantly evolving with new 
approaches demanding different positioning. We 
can, however, learn from prior complications and 
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make note of new problems that arise with 
changes in the field of neurosurgery  in order to 
prevent future mistakes.
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The proper flow of blood and other bodily fluids is 
crucial to achieving successful surgical outcomes 
and maintaining patient health. In general, neutral 
positions of the body, head, and neck are recom-
mended in order to achieve optimum blood flow 
[1]. Despite this, other positions may be necessary 
or preferred for particular surgeries, and in these 
cases it is important to understand how these posi-
tions affect flows in the head and brain.

The major flows in the head and brain can be 
modeled by considering the major sources and 
sinks of fluid, namely arterial flow into the head, 
venous flow out of the head, and cerebrospinal 
fluid (CSF) production. Let Pa denote the mean 
(carotid) arterial pressure, Pd denote the mean 
pressure in the dural venous sinuses (equivalent 
to the pressure at the top of the internal jugular), 
and PCSF denote the component of intracranial 
pressure (ICP) due to the formation of CSF. Then 
the ICP is given by [2]

	 P P PICP CSF d= + ,	 (2.1)

the cerebral perfusion pressure (CePP) is 
given by

	 P P P P P PCePP a ICP a d CSF= − = − − , 	 (2.2)

and the capillary perfusion pressure (CaPP) in 
the head is given by

	 P P PCaPP a d= − . 	 (2.3)

Following [2], PCSF = RoutIformation, where Rout is 
the resistance to outflow of CSF and Iformation is the 
formation rate of CSF. Iformation can be expected to 
be around 0.45 mL/min [3] while values of Rout 
below 13  mmHg/(mL/min) are considered nor-
mal [4]. Thus, PCSF can be expected to be around 
5.8  mmHg or below. In [2], average PCSF was 
5.7  mmHg. Under normal circumstances, PCSF 
can be taken to be constant [5], and hence we 
only need to determine the effects of position on 
the arterial and venous pressures. Furthermore, 
PCePP and PCaPP differ by a constant amount and so 
any trend in one is also displayed in the other.

It is now necessary to define some geometrical 
parameters to describe the position of the patient 
as well as their head and neck. We can first 
describe the patient’s basic position as supine, 
prone, or lateral. In general, the arterial pressure 
is not affected by this basic position [6–8], while 
the venous pressure can be expected to be the 
same in either the supine or lateral position, but 
raised by about 2 mmHg in the prone position 
[6, 7]. By ignoring the arrangement of the 
patient’s arms and legs, their remaining body 
position can be described by a single parameter, 
namely the tilt angle τ. τ is the angle between the 
horizontal and the line from the heart through the 
center of the neck and head (see Fig. 2.1), with 
positive values corresponding to head-up tilt and 
negative values corresponding to head-down tilt.
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Four angles can be used to describe the posi-
tion of the head and neck. These are the flexion 
angle φ, the extension angle ε, the lateral flexion 
angle λ, and the rotation angle θ (see Fig. 2.2). 
Although the flexion and extension of the neck 
could be described by a single angle, the follow-
ing model of blood pressure becomes simpler 
when two separate angles are used. Furthermore, 
for simplicity we will assume that the neck is 
never rotated and laterally flexed at the same 
time. Then λ is the angle between the line from 
the heart to the top of the neck (extended) and the 
line from the top of the neck to the top of the 
head, projected into the coronal plane. Positive 
values of λ correspond to lateral flexion toward 
the patient’s right and negative values correspond 
to lateral flexion to the patient’s left. θ is the angle 
between the line from the center of the head 

through the center of the face, projected into the 
transverse plane, and the line through the center 
of the head perpendicular to the coronal plane. 
Positive values of θ correspond to head rotation 
toward the patient’s left, and negative values cor-
respond to rotation to the right.

Finally, φ is the angle between the line from 
the top of the neck to the center of the head and 
the intersection of the coronal plane with the 
transverse plane of the head, whenever the head 
is bent toward the chest (and thus φ is always 
either positive or zero). ε is the angle between the 
line from the top of the neck to the center of the 
head and the intersection of the coronal plane 
with the transverse plane of the head, whenever 
the head is bent toward the back (and thus ε is 
always positive or zero).

It is a well-established principle that within a 
communicating fluid system1, gravity will create 
a hydrostatic pressure gradient [9]. The hydro-
static pressure difference between two points in 
the system is given by

	 ∆ ρ ∆P g h= ,	 (2.4)

where ρ is the fluid density, g is the accelera-
tion due to gravity, and Δh is the difference in 
height between the two points. Thus, we can 
expect that both the arterial and venous pressures 
will decrease toward the head for positive tilt 
angles, and increase toward the head for negative 
tilt angles. By itself, this understanding is only 
sufficient to determine pressure differences rather 
than actual pressure at any point in the body (par-
ticularly since the circulatory system is able to 
respond to changes in body position). To pro-
ceed, we must utilize the concept of a hydrostatic 
indifference point (HIP), that is, a point at which 
the hydrostatic pressure remains the same no 
matter the orientation of the system [9]. Then, if 
the blood pressure at a zero tilt angle is known 
(i.e., when there is no hydrostatic gradient pres-
ent), the pressure change to any given body ori-
entation is governed by the change in height 
relative to the HIP.

1 A fluid system is called communicating if fluid is freely 
able to pass between any two points in the system.

Fig. 2.1  The tilt angle τ that describes the angle of the 
patient’s body relative to the horizontal (supine position 
shown)

Fig. 2.2  The four angles that describe the position of the 
patient’s head relative to their body. These are the flexion 
angle φ, the extension angle ε, the lateral flexion angle λ, 
and the rotation angle θ

G. F. Young



21

The HIP for arterial flow to the head is located 
just above heart level [9], and so the heart location 
can reasonably be taken to represent the arterial 
HIP. The venous HIP, in contrast, is located 
around the level of the diaphragm [2]. Thus, we 
can model the effect of tilt angle on arterial pres-
sure as

	
P P gLa a heart= ( ) − ( )0 ρ τsin ,

	 (2.5)

where Pa(0°) is the arterial pressure at zero tilt 
angle—i.e., in a “standard” supine, prone, or lat-
eral position, ρ is the density of blood, g is the 
acceleration due to gravity, and Lheart is the dis-
tance between the center of the head and the 
heart. Based on standard values, 
ρg ≈ 78 mmHg/m.

The model for venous pressure is complicated 
by the fact that as venous pressure in the jugular 
falls to zero, the vein can collapse and divide the 
venous flow in the head from the rest of the body 
[10]. In this case, the reference point for venous 
pressure in the head is no longer the venous HIP, 
but the point of collapse of the jugular. Although 
there are other venous pathways flowing out from 
the head (thus maintaining some communication 
with the rest of the venous system), observations 
indicate that blood flow is divided between those 
and the jugular so as to maintain zero pressure at 
the point of jugular collapse [2]. Thus, the effect 
of tilt on venous pressure becomes
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where Pd(0°) is the venous pressure at zero tilt 
angle, Lheart  −  HIPvein is the distance between the 
heart and the venous HIP (around the level of the 
diaphragm [2]), Lcollapse is the distance between 
the center of the head and the point of collapse of 
the jugular,
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is the neck tilt angle and τcollapse is the tilt angle 
at which the jugular first collapses. Note that 
Pd(0°) can be expected to be around 2  mmHg 
higher in the prone position compared to the 
supine or lateral positions [6, 7]. From the defini-
tion of the various parameters, we can solve for 
τcollapse as
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	(2.8)

Based on fitting done in [2], we can assume 
that in general, Lheart  −  HIPvein  ≈  0.09  m and 
Lcollapse  ≈  0.11  m. The neck tilt angle is only 
required for calculations following collapse of 
the jugular since the reference point in this case is 
located within the neck. Note that according to 
Eq. (2.6), Pd will be negative for a range of tilt 
angles (even for some angles below τcollapse). 
There is no theoretical problem with this since all 
pressures are measured relative to ambient (i.e., 
atmospheric) pressure and so negative values 
simply indicate pressures below ambient.

We can reproduce some trends seen in the lit-
erature when we apply this model of gravitational 
effects to the expressions for ICP and CePP. As 
reported in numerous studies (e.g., see [2, 11–14]), 
ICP decreases with increasing tilt angle. This 
effect is seen in the model by the hydrostatic 
decrease in venous pressure with increasing tilt 
angles. However, CePP has been reported both to 
decrease with tilt angle in some studies (e.g., 
[13]) and to be unaffected by tilt angle in others 
(e.g., [11, 12]). An examination of the current 
model shows that CePP can actually be expected 
to increase with tilt angle for τ < τcollapse (due to 
the greater distance between the head and the 
venous HIP compared to the arterial HIP) but 
then decrease with tilt angle for τ  >  τcollapse. 
Furthermore, the value of τcollapse can vary signifi-
cantly between individuals [2], presumably due 
to the wide variation in venous pressure at zero 
tilt. Thus, the differences between studies can be 
attributed in part to individual patient differences 
and in part to other factors that influence blood 
flow (e.g., the study in [13] was conducted on 
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patients who had suffered middle cerebral artery 
stroke). See Fig. 2.3 for an example of ICP and 
CePP changing with τ.

In contrast to the effects seen in this model for 
positive tilt angles, negative tilt angles can be 
expected to increase the ICP (due to the hydro-
static increase in venous pressure) and decrease 
the CePP (due to the venous pressure increasing 
more rapidly than the arterial pressure). Thus, 
this model predicts that in general, any position 
with head-down tilt can be expected to impair 
blood flow in the head.

While the hydrostatic effects of body position 
on blood pressure are relatively well understood, 
the effects of head and neck position are more 

difficult to model. The dominant effect of neck 
flexion, extension, rotation, and lateral flexion on 
blood flow appears to be the bending and com-
pression of the blood vessels in the neck [14–19]. 
In principle, this should manifest as increased 
resistance to flow and thus greater pressure drops 
in these vessels. This increased resistance arises 
from the fact that the ratio of the perimeter to 
cross-sectional area of a blood vessel increases as 
the vessel is compressed, as well as the fact that 
increased blood velocity through the narrower 
section will lead to increased frictional losses. 
Therefore, it is reasonable to expect that any head 
motion away from a neutral position could 
decrease Pa and increase Pd (since the pressure 

Fig. 2.3  A numerical example of the effects of tilt angle τ 
on intracranial pressure (ICP) and cerebral perfusion pres-
sure (CePP). In this example, the patient is supine with 
their neck in a neutral position, Pa(0°)  =  83  mmHg, 
Pd(0°)  =  5.3  mmHg, PCSF  =  5.7  mmHg, Lheart  =  0.24  m, 

Lheart − HIPvein = 0.09 m, and Lcollapse = 0.09 m. ICP always 
decreases as τ increases, but the rate of decrease dimin-
ishes for τ > τcollapse. CePP, and thus flow through the brain, 
has a maximum at τ = τcollapse
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drops occur in the direction of flow), leading to 
increases in ICP and decreases in CePP and CaPP. 
Furthermore, since veins are much more 
compliant than arteries, we can expect that the 
effects on venous pressure to be more significant 
than those on arterial pressure. In fact, for general 
patients, normal neck motions appear not to have 
a significant effect on vertebral arterial flow [17] 
or central venous and arterial pressure [14]. 
Moreover, while neck motion can change the 
geometry of the arteries in the neck and the distri-
bution of flow between them, these effects vary 
between individuals and there does not appear to 
be a general trend or a significant effect on flow 
into the head [20]. This suggests that there is no 
need to model the effects of neck motion on arte-
rial flow into the head.

Perhaps due to the lower pressures involved 
and increased vascular compliance, neck motion 
can have a significant effect on venous pressure 
and hence ICP [14, 21]. In one study that exam-
ined neck flexion, extension, lateral flexion, and 
rotation [21], every motion away from the neutral 
position resulted in an increase in ICP, although 
not all of these individually achieved statistical 
significance. Nevertheless, the trends were con-
sistent enough to warrant a model that captures 
effects of each considered motion. Rotation-
induced pressure increases were observed to usu-
ally be linear with increasing rotation angle [14]. 
Therefore, in the absence of contrary evidence, 
we will assume that venous pressure increases 
linearly with each motion of the neck. Next, it 
was found that the combination of flexion/exten-
sion with lateral flexion or rotation decreased the 
influence of the second motion [21]. One possi-
ble explanation for this is that flexion of the neck 
slackens the blood vessels somewhat, reducing 
the bending or compression required for the sec-
ond motion (lateral flexion or rotation). In con-
trast, extension of the neck can stretch the blood 
vessels somewhat, decreasing their compliance 
and thus decreasing the effects of the second 
motion. Since the effect of neck motion is to 
change the resistance to flow of the venous sys-
tem, the induced change in pressure should be 
proportional to the pressure difference that is 
driving flow through the head. Together, all of 

these effects suggest the following model for 
venous pressure in response to neck position.
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(2.9)

where ΔPref is a reference arterial to venous 
pressure difference and for each variable x, xlim is 
a limiting value of the angle and Pxlim

 is the pres-
sure increment observed at that limiting value 
(when Pa  −  Pd(neutral)  =  ΔPref). Furthermore, 
Pλdec

 and Pθdec  are the decreases in pressure incre-
ments for lateral flexion and rotation, respec-
tively, when the neck is flexed or extended to its 
limiting angle. There is no a priori reason why 
Pλdec

 and Pθdec  should apply to both flexion and 
extension of the neck, instead of requiring sepa-
rate parameters for each motion (particularly as 
the two motions individually have different 
effects on pressure). However, the data collected 
in [21] suggested that both flexion and extension 
cause equivalent decreases in the effect of rota-
tion and the effect of lateral flexion. The values 
for Pa and Pd(neutral) in Eq. (2.9) should be those 
given by Eqs. (2.5) and (2.6), respectively. Since 
jugular collapse significantly changes the flow 
through the venous system (and renders any other 
distal geometrical changes to the jugular irrele-
vant), the parameter values in Eq. (2.9) can be 
expected to change for τ ≥ τcollapse.

Equation (2.9) does not include any direct 
dependence on blood viscosity because even with 
geometrical changes to the blood vessels, vascu-
lar resistance should be proportional to viscosity. 
Therefore, even though the resistance of the 
altered neck vasculature will increase with 
increased viscosity, the resistance of the rest of 
the cerebral system will also increase in propor-
tion, leading to the same distribution of pressure. 
However, since increased blood viscosity leads to 
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decreased flow, patients with higher blood vis-
cosities can be expected to have higher arterial 
pressures as the body attempts to maintain car-
diac output. This will, in turn, increase the effects 
on neck motion on venous pressure and thus lead 
to higher values of ICP.

Based on the results in [21], we can estimate 
that for general patients and τ < τcollapse, ΔPref ≈ 80 
mmHg, Pϕlim

.≈ 4 8mmHg, φlim  ≈  45°, 
Pε lim

.≈1 5mmHg, εlim  ≈  60°, Pλlim
.≈ 2 6mmHg, 

λlim  =  45°, Pλdec
mmHg≈1 4. , Pθlim

.≈ 4 2mmHg, 
θlim  ≈  60°, and Pθdec

mmHg≈1 9. , where some 
angles are taken from the original study and others 
are estimated according to the patients’ age range 
using [22]. This suggests that the largest increases 
in Pd and ICP occur with flexion and rotation of 
the neck, while extension of the neck can actually 
reduce the pressure rise from rotation. See Fig. 2.4 
for an example of how various neck positions 
affect ICP and CePP. There does not appear to be 

any existing studies that would allow for the esti-
mation of parameter values for τ ≥ τcollapse.

Although only rotation was considered in 
[14], their results suggested a potentially much 
larger value of Pθlim, up to 12.5 mmHg. This dis-
crepancy can potentially be attributed to the dif-
ferent patient populations in the two studies, with 
[21] excluding patients with high ICP, increased 
CSF volume or any impairment on the Glasgow 
Coma Scale, while [14] only included patients 
with intracranial tumors. Since the numerical 
value of arterial pressure was not reported in 
[14], it is possible (but unknown) that patient 
hypertension contributed to the observed effects. 
Furthermore, the patients with the highest initial 
ICP in [14] exhibited the largest (and nonlinear) 
pressure increases. This, coupled with the amount 
of individual variation seen in arterial studies 
(e.g., [18, 20]) suggests that this model of the 
effects of neck motion will not apply to any 

Fig. 2.4  An example of the effects of different neck posi-
tions on intracranial pressure (ICP) and cerebral perfusion 
pressure (CePP). In this example, the patient is supine 
with zero tilt angle. Compared to the neutral position, any 

other neck position increases ICP and decreases CePP. All 
cases shown correspond to the limiting values of the 
angles used in Eq. (2.9)
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patient with existing impairments in blood flow 
to the head and neck. In principle, any disease 
state distal to the neck should not influence the 
model, but only if they do not induce any changes 
to the geometry or distribution of flow in the 
neck. Finally, the amount of variation seen in 
studies of neck motion suggest that there is an 
increased possibility that positioning the patient’s 
neck without due care could adversely affect 
blood flow to the head. In particular, moving the 
head and neck past their normal range of motion 
(e.g., by hyperextending the neck [23]) can be 
expected to increase the risk of complications.
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Anesthesia and Patient Positioning

C. Wayne Hamm

�Introduction

Of all the surgical specialties, neurosurgery most 
frequently employs positioning that not only 
impacts the administration  and choice of the 
anesthetic, but can also remove the  anesthe-
sia provider from access to  the intravenous  tub-
ing, and the airway itself. This chapter will 
examine the specific issues associated with posi-
tioning the patient for neurosurgical procedures, 
both spinal and cranial, in the supine, sitting, lat-
eral and prone positions.

The goal of this chapter is to sensitize the 
anesthesia provider to the considerations that 
must be applied to the planing for general anes-
thesia specific to positioning in neurosurgical 
procedures. Thus, an extensive discussion of the 
specific anesthesia medications and techniques 
identified with neurosurgical procedures will not 
take place. Additionally, preanesthesia evalua-
tion of the patient to entertain the specific posi-
tions in neurosurgical procedures will be 
discussed at length in Chap. 4.

Basic monitoring for neurosurgical cases 
includes, but is not limited to: precordial/esopha-
geal stethoscope, blood pressure measurement, 
end-tidal carbon dioxide monitoring, pulse oxim-
etry, and temperature measurement. Additions to 

the monitoring will appear as indicated for spe-
cific procedures/positions.

“Knowledge, planning, teamwork, and housekeep-
ing, all equally important, are the key ingredients 
of safe positioning of a surgical patient upon an 
operating table. As trite and pompous as identify-
ing these components may seem, ignoring or being 
casual about any of them can easily render the care 
team inept, bring harm to the patient, and endanger 
the institution.” [1].

�Supine Position

�Spinal Procedures

In the neurosurgical operating room, patient posi-
tioning must be a collaborative effort that 
includes the anesthesiologist, neurosurgeon, and 
nursing staff [2]. When patients are positioned 
supine for spinal procedures, the most common 
procedure involves an anterior approach to the 
cervical spine.

Patients with cervical spine pathology should 
have the following items in agreement between 
the anesthesia provider, the patient, and the 
neurosurgeon: (1) The correct side—the patient 
and their physical findings are specific for that 
side, (2) The stability of the neck and the integrity 
of the spinal cord are consistent with laryngo-
scopic endotracheal intubation, and (3) The 
patient must demonstrate neck movement con-
sistent with intubation without symptomatology. 
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Any disagreement must be resolved prior to pro-
ceeding with the anesthetic. Once agreed and 
noted, one peripheral intravenous line for most 
anterior cervical spine cases is sufficient. Obese 
patients with arms at the side will likely have 
trouble with conventional blood pressure cuffs. 
Often, an arterial line will be indicated.

Anesthesia induction and maintenance 
should be based primarily on the patient’s 
underlying medical condition, the anticipated 
intraoperative conditions, and the preference of 
the anesthesia provider [3]. If electrophysio-
logic monitoring is planned, an awareness of 
the effects of anesthetics on such monitoring is 
essential. Appropriate explanation of changes 
encountered are dependent on a stable intraop-
erative anesthetic depth [3].

There is much variety in the management of 
the head for these approaches. The head can be 
placed in a halter traction, Gardner-Wells tongs, 
a horseshoe (cerebellar headrest), a gel doughnut, 
etc. Extension of the head can be achieved by 
cervical traction, taping the chin back or placing 
a roll behind the neck. Because anesthesia is 
placed remote to the head and airway, Securing 
and maintaining the airway are critical issues. 
For anterior cervical procedures below the level 
of the third cervical vertebra, oral intubation is 
sufficient.

Much has been written regarding maintaining 
endotracheal tube cuff pressures less than 
20  mmHg for anterior cervical procedures. 
Following placement of self-retaining retractors, 
the cuff is fully deflated and reinflated until seal 
is reestablished at our institution. With removal 
of the retractor system, additional air will usually 
be required to reestablish the seal.

Limit the bite block to approximately the size 
of the endotracheal tube as larger blocks will 
limit the cephalad surgical exposure. Depending 
on the body habitus of the patient, for anterior 
cervical procedures at and above the third cervi-
cal vertebra, placement of a nasotracheal tube 
may be indicated. Insertion of bite blocks in 
these patients may compromise cephalad surgi-
cal exposure. Secure the endotracheal tube to 
the contralateral side. A nasopharyngeal tem-
perature probe is inserted into the esophagus for 

temperature monitoring and also aids with sur-
gical identification of the esophagus. If halter 
traction is used with a bite block of insufficient 
thickness or with no bite block in procedures 
using orotracheal tubes, compression of the 
endotracheal tube can occur. Additionally, when 
head holding devices such as halo or cerebellar 
head rest are used, the endotracheal tube is 
likely to be kinked by the weight of the drapes 
weighing down on the tube and kinking the tube 
at the corner of the mouth. The weight of the 
drapes in combination with surgical retraction 
make iatrogenic extubation possible, which 
must be prevented. If the head is supported oth-
erwise, consider use of viscoelastic gel pads 
and/or round head holders. This is important in 
patients with traction as the pressure on the 
occipital area is greater. By virtue of the eyes’ 
close proximity to the surgical site in combina-
tion with being hidden by the drapes, cephalad 
retraction should be evaluated often by anesthe-
sia for possible globe compression.

For suggested airway management of patients 
with unstable cervical spines, please refer to the 
ASA Difficult Algorithm [4]. Much has been 
written on this topic with less than complete con-
sensus. Gary Stier summarizes the literature, “…
there is no evidence that any particular airway 
management technique is either safe or danger-
ous in a patient with an unstable cervical spine.” 
[3] Further he notes, “The method for definitive 
airway control should be based primarily on the 
operator’s skill and experience rather than on the 
fear of inflicting cervical cord damage.” [3] The 
presence of an unstable cervical spine is suffi-
cient indication for a urinary catheter and inva-
sive arterial monitoring.

The supine position has three major varia-
tions: traditional, contoured, and the frogleg. We 
will not consider the frogleg position as it is not 
usually encountered in neurosurgical procedures 
[5]. The contoured position we will discuss in 
regard to cranial procedures in the supine posi-
tion. In the traditional version, the patient lies on 
their back with their head on a head holder. The 
arms are comfortably restrained alongside the 
trunk. This position usually places the hips and 
knees in extension which may be poorly tolerated 
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for long periods of time [5]. As the shoulders are 
often taped in a caudad manner with the head 
placed in extension, we have found it useful to 
bend the arms slightly and place the hands at the 
pubic level fixed in place with the draw sheet 
(papoose fashion) (see Fig. 3.1).

For transoral approaches to the spine, in the 
absence of a tracheostomy, we have used armored 
endotracheal tubes. We have secured these by 
stitching them to the surgeon-requested side (see 
Fig. 3.2). We have traditionally done these proce-
dures with the patient in a halo vest. The front 
vest is removed with the back remaining intact. 
The arms are placed papoose fashion. The endo-
tracheal tube is also attached to the halo to avoid 
the possibility of extubation.

These are usually long procedures often 
requiring a posterior approach for fusion. Thus, 
we typically place at least two peripheral IVs, a 
urinary catheter and invasive arterial monitoring.

The maintenance of the anesthetic is dictated 
by the electrophysiologic monitoring employed. 
Transoral procedures usually anticipate an over-
night intubation and full airway evaluation before 
extubation if the patient does not have a pre-
existing tracheostomy.

�Complications Associated 
with the Supine Position

Patients who must lie immobile for prolonged 
periods in a supine position often complain of 
backache [5, 6]. During prolonged procedures, 
the heels and plantar flexor tendons are especially 
at risk for developing blisters and ischemic pres-
sure areas [5]. Prolonged compression of the hair 
follicles may produce hair loss [7]. The alopecia 
may not occur until several days to weeks after 
the operation is done [8–10]. Probably, the single 
most reported neuropraxic complication is ulnar 
neuropathy [11].

�Cranial Procedures

The most common cranial procedures performed 
on patients in the supine position are subdural 
hematoma drainage and pituitary tumor removal 
[3]. The contoured supine position or lawn chair 
position as coined by John Martin is frequently 
used [5]. The lawn chair position is an alternative 
supine position in which the hips and knees are 
slightly flexed into positions that are more neu-
tral. This contoured position is similar to that 
assumed when resting in an adjustable reclining 

Fig. 3.1  Note how the 
hands are placed in the 
suprapubic area with the 
arms flexed with all 
snuggly secured by the 
draw sheet (Papoosing 
of the arms)
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chair. The supine position is the easiest for the 
anesthesiologist because the need to move the 
patient, catheters, and monitors is minimized [3].

Subdural hematoma evacuations are not gen-
erally lengthy procedures and are not given the 
same positioning considerations as long com-
bined craniofacial surgery. Pituitary removal can 
put anesthesia very remote to the airway owing to 
localizing equipment such as X-ray.

Significant blood loss or cranial nerve reflex 
elicitation requires continuous arterial monitor-
ing, a urinary catheter (mandatory for pituitary 
tumors) and an additional IV. If the use of hyper-
tonic solutions is anticipated, a central venous 
line is placed after intubation.

Placement of a skull pin skeletal fixation 
apparatus is as painful as the surgical incision 
and requires additional anesthesia for its applica-
tion. The advantage of the skull pins is that it 
immobilizes the patient’s head and neck while 
providing superior access to the surgical field. 
Anesthesia-related problems which can cause 
unexpected movement after the device is applied 
can result in injury to the cervical spine or severe 
lacerations if the head is forcibly pulled out of the 
clamp [3]. Nonelective extubation while in the 
frame may make reestablishment of the airway 
difficult if not impossible until the frame is 
removed.

Although poor positioning may be tolerated 
with little issue in patients having brief surgical 
procedures, a small overlooked detail may result 
in long-term or permanent injury and disability 
after a long neurosurgical procedure [3]. 
Prolonged supine neurosurgical procedures 
include combined head and neck surgery with 
neurosurgery for extensive craniofacial surgery. 
These surgeries will often require that anesthesia 
be placed at the foot of the table. For these proce-
dures, we often stitch the endotracheal tube to the 
jaw (see Fig.  3.3). For other procedures where 
surgical exposure of the maxilla is not involved, 
we will secure the endotracheal tube with a bridal 
technique. This is accomplished by passing an 
aspiration catheter via the nare and pulling it 
from the posterior pharynx and attaching to the 

Fig. 3.2  Transoral odontoidectomy patient with tube 
stitched into the corner of the mouth

Fig. 3.3  Maxillotomy 
approach to a clival 
chordoma with the 
endotracheal tube 
stitched to the corner of 
the mouth. Anesthesia 
was positioned at the 
patient’s feet
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endotracheal tube (see Fig. 3.4a, b). Venous air 
embolism (VAE) during cranial procedures in the 
contoured supine position has not been an issue 
at our institution. We do take all VAE prophylaxis 
steps when cranial exposure is over a major 
venous sinus. This includes precordial Doppler 
and placement of an air aspiration catheter in the 
right atrium.

Each 2.5  cm change of vertical height from 
the reference point at the level of the heart leads 
to a decrease of 2 mmHg in the blood pressure at 
the level of the heart [8]. Thus, we always mea-
sure blood pressure at the level of the tragus.

�Sitting Position

Use of the sitting position in neurosurgery has 
long been a matter of some debate [12]. The use 
of the sitting position for patients having poste-
rior fossa and cervical spine surgery facilitates 
surgical access but presents unique physiologi-
cal challenges for the anesthesia provider with 
the potential for serious complications [13]. 
This patient position provides optimum access 
to midline lesions, improves cerebral venous 
decompression, lowers intracranial pressure, 
and promotes gravity drainage of blood and 
cerebral spinal fluid [14]. The presence of a pat-
ent foramen ovale is an absolute contraindica-
tion to the sitting position. Preoperative contrast 
echocardiography should be used as a screen-

ing technique to detect the population at risk of 
paradoxical air embolism [12]. Modern tech-
niques to prevent, monitor, diagnose, and rap-
idly treat these complications can potentially 
improve outcome [15]. This is supported by a 
number of recent series that have demonstrated 
reduced rates of complications, particularly 
VAE, relative to older studies [16–18]. These 
results suggest that rather than abandoning this 
procedure as has occurred in many centers, 
modern techniques aimed as recognizing VAE 
may mitigate complications associated with the 
sitting position, improving its safety [19]. In 
the most recent series, Himes reports a modern 
series of 1792 procedures performed in the sit-
ting position. He concludes that when appropri-
ately used with modern anesthesia techniques, 
the sitting position provides a safe means of 
surgical access [19].

�Spinal Procedures

The sitting cervical position affords advantages 
over prone positioning for elective posterior cer-
vical decompression and fusion. In a modern 
series of 560 cervical procedures performed in 
the sitting position Sandwell et al. demonstrated 
no VAE. They concluded that many surgeons at 
their institution prefer the sitting position. The 
position provided a dry surgical field, easily veri-
fied spinal alignment prior to fusion, and superior 

Fig. 3.4  (a) A plastic catheter inserted through the nose and removed from the back of the throat. (b) It is then taped 
securely to the endotracheal tube
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visualization on intraoperative X-rays due to 
reduced shoulder artifact [20].

Monitoring includes placement of an arterial 
line for accurate measurement of the blood pres-
sure at the level of the head.

The patient should be informed of the specific 
risks of venous air embolism, quadriparesis, and 
peripheral nerve injuries. Appropriate charting of 
patient information provided and special consent 
issues are essential at some institutions [12].

Choice of induction agent and techniques is at 
the discretion of the anesthesia provider. After 
induction and intubation, intraoperative monitor-
ing for VAE is established. Precordial Doppler 
ultrasonography is standard at our institution for 
cervical procedures. Doppler ultrasonography is 
the most sensitive of the generally available 
monitors capable of detecting intracardiac air 
[14, 21]. Unless venous lakes are reasonably 
anticipated in the cervical exposure or dural 
opening is expected, right atrial lines are not 
placed.

After accounting for the pain of the placement 
of the Mayfield, the patient is slowly raised into 
the sitting position. The arterial line is placed at 
the level of the tragus at all times. The hydro-
static effect of gravity may produce a decrease in 
systemic arterial pressure because of venous 
pooling. The volume of blood accumulating in 
the venous system may be influenced by patient 
factors (i.e., body mass index, intravascular vol-
ume status, pre-existing hypertension) and fac-
tors related to anesthesia. As much as 1500 mL 
may be sequestered in the venous system of the 
lower limbs [22].

After the patient has been placed in the sitting 
position, special attention should be placed on 
protecting and padding the boney prominences; 
particularly before a prolonged procedure. The 
arms should be supported in order to prevent bra-
chial plexus injury. The ulnar nerve should be 
padded to prevent compression. The knees should 
also be flexed to prevent stretching of the sciatic 
nerve [23].

Should VAE be encountered, the surgeon is 
notified, the surgical field flooded, and the posi-
tion changed if ineffective. Jugular venous com-
pression has been demonstrated to be effective in 

reducing air entry [24, 25]. Use of positive end 
expiratory pressure, advocated by some may 
impair surgical conditions, decrease venous 
return, and increase the chance that right atrial 
pressure will exceed left atrial pressure and pre-
dispose an at-risk patient to paradoxical air 
embolus [26].

�Cranial Procedures

This position is most commonly utilized for pos-
terior fossa surgery, in particular lesions in the 
pineal region via a supracerebellar infratentorial 
approach. Relative contraindications to the sit-
ting position include: open ventriculoatrial shunt, 
signs of cerebral ischemia when upright and 
awake, right-to-left shunt (patent foramen ovale), 
and cardiac instability [27].

The patient should be informed of the specific 
risks of venous air embolism, quadriparesis, and 
peripheral nerve injuries. Appropriate charting of 
patient information provided and special consent 
issues are essential in some centers [12].

Intraoperative monitoring for patients under-
going complex intracranial neurosurgical proce-
dures in the sitting position should include a 
urinary catheter invasive arterial monitoring with 
the transducer placed at the level of the tragus 
[12]. The use of nitrous oxide is debated in the 
literature. We have found it easy to avoid nitrous 
oxide in these cases.

After induction and intubation, we place a 
thick gauze bite block. Avoidance of oral airways 
and oropharyngeal tubes in patients where the 
head is placed in flexion may help prevent mac-
roglossia. We place a multi-orifice air aspiration 
catheter via the internal jugular circulation which 
is removed at the conclusion of surgery. We 
double-stick the internal jugular for placement of 
a triple lumen catheter (see Fig. 3.5). The tip is 
localized using intravascular electrocardiography 
with the P wave large and negative and no posi-
tive component [28]. Observation of the ECG 
configuration to confirm proper catheter place-
ment in the right atrium in some studies is more 
precise than chest radiography [29]. If there is 
any question, a chest X-ray is made to confirm 
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position at the caval-atrial junction as data sug-
gest this is the most efficacious site for air 
removal [30]. Multi-orifice catheters have been 
designed to enhance bubble recovery [31].

Supplementary monitoring is directed toward 
prompt detection and early treatment of VAE. 
This monitoring includes precordial Doppler, 
right heart catheters, transesophageal echocar-
diography (TEE), fractional excretion of nitrogen 
(FEN2), capnography, esophageal stethoscope, 
and transcutaneous oxygen measurement [12]. 
TEE is the most sensitive monitor to detect air in 
the right atrium and paradoxical embolization of 
the air to the left atrium through a patent foramen 
ovale [32]. A minimum of three monitoring tech-
niques are recommended [14]. TEE and Doppler 
were found to be equally sensitive with respect to 
air detection [33]. The classic method of moni-
toring for air with an esophageal stethoscope for 
a change in heart sounds or a “mill-wheel” mur-
mur is dependent on large amounts of intracar-
diac air and provides little advance warning of 
cardiovascular collapse [12]. It is recommended 
that the esophageal stethoscope be retained 
because of its noninvasive nature and mechanical 
simplicity [12]. Thus, the esophageal stetho-
scope, precordial Doppler, capnography, right 
atrial catheter, and transcutaneous oxygen mea-

surement represent our usual monitoring. TEE is 
available. If used, it is not maintained for pro-
longed periods of time. Unless, indicated by pre-
existing comorbidities, we usually do not place a 
pulmonary artery catheter.

Maintenance of anesthesia is accomplished 
with controlled positive-pressure ventilation with 
paralysis. This allows for lighter levels of anes-
thesia, hyperventilation, which diminishes 
PaCO2, thereby decreasing both sympathetic 
stimulation and blood pressure at any given depth 
of anesthesia, cerebral vasoconstriction, less 
bleeding, lower ICP, less cardiovascular depres-
sion, and less likely patient movement [26]. 
Excessive decreases in inhaled agent concentra-
tion as a strategy to combat hypotension may 
allow awareness [26]. There is no information 
that demonstrates that the sitting position alters 
the minimal alveolar concentration necessary for 
anesthesia [26, 34]. If electrophysiologic moni-
toring involving motor-evoked responses are 
anticipated, muscle relaxation is avoided and 
anesthesia levels adjusted accordingly.

If Doppler ultrasonography changes occur or 
ETCO2 shows a sudden drop, the surgeon should 
be informed. Aspiration of the RAC should be 
initiated as it has been demonstrated effective in 
reducing morbidity from VAE [35–38]. Have the 

Fig. 3.5  Small arrow 
pointing to the 16 gauge 
air aspiration catheter. 
Large arrow pointing to 
the triple lumen catheter
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surgeon flood the field with fluid. Patient position 
should be changed to lower the head to heart 
level when possible. Provide cardiovascular sup-
port [26]. External cardiac massage has been 
shown to be effective in disrupting a large air 
lock in the event of cardiovascular collapse [39].

The incidence and severity of VAE may be 
decreased by the use of controlled positive-
pressure ventilation, adequate hydration, proper 
wrapping of the lower extremities, positioning so 
the head is the lowest possible while still provid-
ing good exposure, liberal use of bone wax, 
avoidance of nitrous in patients with known 
intracardiac defects and avoidance of drugs that 
may increase venous capacitance (nitroglycer-
ine) [26]. The anesthetic goals during emergence 
are to prevent abrupt rises in blood pressure, 
effect rapid awakening, return motor strength and 
minimize coughing and straining on the endotra-
cheal tube [26]. Extubation is dependent on the 
manipulation of medullary structures and the 
patient’s pre-existing comorbidities. The airway 
should be maintained until the patient is awake, 
following commands and demonstrating return 
of protective airway reflexes.

�Complications Associated 
with the Sitting Position

Hypotension is the most frequent complication of 
the sitting position [40].

The greater the pressure gradient between 
cerebral veins and the right atrium and the lower 
the central venous pressures, the greater is the 
tendency for air to enter venous openings at the 
craniotomy site [26]. The vertical distance 
between the head and heart may range from 20 to 
65  cm, depending on the procedure [41]. The 
incidence of venous air embolism ranges from 
25% [42] to 50% [43] in studies using precordial 
Doppler monitoring. Transesophageal echo mon-
itoring has indicated an incidence as high as 76% 
[44]. A paradoxical air embolism is most likely 
the result of right-to-left shunting through an 
intracardiac defect. A patent foramen ovale has 
an incidence of 20–30% in the population [45]. 
The calculated risk of paradoxical air embolism 
is 5–10%.

Tension pneumocephalus has been reported in 
association with posterior fossa exploration in 
the sitting position [46, 47] with an incidence of 
3% in one study [18]. Pneumocephalus can lead 
to delayed emergence, postoperative lethargy, 
headaches, confusion, cranial nerve deficits, and 
hemiparesis.

Extreme flexion of the head with the chin rest-
ing on the chest and prolonged presence of an 
oral airway may promote macroglossia in the sit-
ting position [12]. Five unreported cases of mid-
cervical quadriplegia after acoustic neuroma 
resection in the sitting position were referred to 
in an editorial comment by Hitselberger and 
House [12, 48]. Wilder claimed knowledge of 
more than 20 such unreported cases [12, 49]. 
Quadriparesis has been associated with sitting 
position in a patient with severe cervical stenosis 
[50]. Peripheral nerve injuries associated with the 
sitting position for neurosurgery include damage 
to the common peroneal nerve, resulting in foot 
drop and rarely, recurrent laryngeal nerve palsy 
[12]. The incidence of common peroneal nerve 
neuropathy in a series of 488 patients was less 
than 1% [18]. Recurrent laryngeal nerve palsy 
has been described in association with the use of 
transesophageal echo who underwent craniotomy 
in the sitting position [33].

�Lateral Position

The decubitus position is defined as “the position 
of an individual lying on a horizontal surface, 
designated according to the portion of the body 
resting on the surface…” [51]. The lateral decu-
bitus position is referred to as right or left depend-
ing on which side is down. Monitoring blood 
pressure in the lateral decubitus position presents 
unique problems related to the type and place-
ment of the sensors. The discrepancy in blood 
pressure between the up-side and down-side arm 
could be as much as 32 mmHg [52]. The lateral 
decubitus position shifts the mediastinum toward 
the down side and rotates the heart on its axis 
which can interfere with venous return and 
cardiac output [52]. Marked reductions in arterial 
pressures occur with almost all lateral positions 
during anesthesia. The lowest mean arterial blood 
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pressure has been noted in those patients placed 
in the right lateral decubitus [53].

Flexion and extension of the adult neck after 
initial placement of the endotracheal tube will 
move its tip more than an inch within the trachea 
[54]. Movement of the head during the turning 
process demands reassessment of the airway 
placement. The anesthetized patient in the lateral 
decubitus position with a closed chest exhibits an 
increased mismatch of ventilation and perfusion. 
The up-side lung is well ventilated, but poorly 
perfused. If the chest wall and pleura are opened, 
further ventilation/perfusion mismatch occurs. 
This is because positive-pressure ventilation is 
now required, the upper lung becoming more 
compliant and receiving additional ventilation 
and positive atmospheric pressure on the up-side 
lung causes a downward displacement [52].

Lawson cites three general principles for 
attaining the lateral decubitus position with little 
risk of problems. He identifies the anesthesiolo-
gist as the most appropriate person to coordinate 
the move primarily because he controls the air-
way and holds the relaxed head and neck. The 
next principle is that the shoulders and pelvis of 
the paralyzed anesthetized patient must be main-
tained in the same plane during the turn to avoid 
torsional stress on the spine. The last principle 
requires that a minimum of two team members 
plus the anesthesiologist are needed for a safe 
turn [52].

�Spinal Procedures

The lateral position is used for surgical approach 
for patients requiring the retroperitoneal approach 
to the thoracolumbar spine. Retropleural thora-
cotomy is an appropriate approach for localized 
ventral thoracic and thoracolumbar vertebral 
lesions between T3 and L2 [34, 55]. Fourney 
found that for simultaneous anterior-posterior 
approach to the thoracic and lumbar spine for the 
radical resection tumors advantages of the 
approach include direct visualization of adjacent 
neurovascular structures, the ability to achieve 
complete resection of lesions involving all three 
columns simultaneously, and the ability to per-

form excellent dorsal and ventral stabilization in 
one operative session [56].

The anesthesia choices will be dictated by the 
type of monitoring and the necessity of isolated 
lung anesthesia. With electrophysiologic moni-
toring requiring motor-evoked capability, we use 
a total intravenous anesthetic (TIVA). If the elec-
trophysiologic monitoring will not require motor-
evoked responses or will not be used, we conduct 
these cases with muscle relaxation, inhalation 
agent, and narcotics.

All patients undergoing thoracic opening in 
the lateral position should be preoperatively eval-
uated for the ability to maintain the lateral posi-
tion and if necessary, one-lung anesthesia. We 
institute one-lung anesthesia for spinal proce-
dures in the lateral position at and above T10.

Additional intraoperative monitoring for 
patients undergoing complex spinal neurosurgi-
cal procedures in the lateral position includes uri-
nary catheter and invasive arterial monitoring. 
Vascular access requirements are specific to the 
procedure, but any metastatic disease requires at 
least two 14-gauge peripheral intravenous lines 
and a 7–9-Fr introducer with blood available 
[57]. Induction of the anesthetic is consistent 
with the requirements of the monitoring and a 
left-sided endobronchial tube is placed if surgery 
at T10 or above.

Patients to be placed in lateral position should 
have the following items in agreement between 
the anesthesia provider, the patient, and the neu-
rosurgeon: (1) The correct side, (2) the patient 
and their physical findings are specific for that 
side, (3) the stability of the neck and the integrity 
of the spinal cord are consistent with laryngo-
scopic endotracheal intubation and lastly, the 
patient demonstrates neck movement consistent 
with intubation without symptomatology. Any 
disagreement must be resolved prior to proceed-
ing with the anesthetic.

After induction and intubation, the patient is 
positioned in the lateral decubitus position with a 
viscoelastic axillary roll placed to prevent depen-
dent brachial plexus stretching. The head is 
positioned in a neutral position taking care to 
avoid lateral bending of the cervical spine which 
may result in stretching of the nondependent 
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brachial plexus, especially if the shoulders are 
taped to facilitate positioning [57]. Placement of 
the pulse oximeter on the down-side arm is rec-
ommended [58]. Double lumen tube position 
must always be confirmed after intubation and 
reconfirmed before surgery since tubes are easily 
displaced while moving the patient to the lateral 
decubitus position [59]. The tension in the pilot 
balloon of the bronchial cuff should be noted 
after first inflating that cuff [60]. Confirmation of 
correct tube placement by use of the fiberoptic 
bronchoscope is recommended. The tube is con-
sidered to be in an ideal position when the proxi-
mal edge of its bronchial cuff is immediately 
below the carina in the appropriate bronchus 
[61]. Confirmation is also accomplished by phys-
ical examination of the chest, including ausculta-
tion and observation of chest wall movement and 
measurement of peak inspiratory pressures dur-
ing independent ventilation of each lung.

During intrathoracic procedures in which the 
operated lung is selectively collapsed, hemody-
namic stability and oxygenation must be main-
tained while ventilating only one lung. A 
completely atelectatic lung eliminates the need 
for vigorous retraction during surgery, so there is 
less intraoperative lung trauma. Regional hypoxia 
in the lungs causes arteriolar constriction with 
diversion of blood flow away from a hypoxic 
segment to areas that are better oxygenated. This 
hypoxic pulmonary vasoconstriction (HPV) can 
be depressed by inhalational anesthetics. In clini-
cal practice, the overall effects by inhalational 
and intravenous anesthetic agents on HPV during 
one-lung anesthesia are small [62, 63]. There is 
no difference in oxygenation between a TIVA 
(propofol-alfentanil) anesthetic which spares the 
HPV, and an inhalational anesthetic (isoflurane) 
which depresses HPV during one-lung ventila-
tion [64]. If electrophysiologic monitoring in 
effect, it is most important to not vary the level of 
anesthesia.

During one-lung ventilation, monitoring oxy-
genation by oxygen saturation in otherwise 
healthy patients should be adequate [65]. But, we 
prefer to monitor arterial blood gases on an 
hourly basis while in one-lung ventilation as 

these can often be lengthy procedures and incur 
major blood loss.

Prior to reinflating the collapsed lung, both 
lumens of the double lumen tube should be suc-
tioned to remove any mucus, blood, or debris 
from each lung. Both lungs must be fully re-
expanded and the mediastinum must be midline 
at the completion of one-lung ventilation. 
Following total collapse, the down-side lung will 
re-expand unevenly during inflation. Alterations 
in pulmonary surfactant occur during one-lung 
ventilation and this necessitates the application 
of high-sustained pressures in order to reopen the 
atelectatic lung, but once the lung has been fully 
reinflated, subsequent inflation will require lower 
pressures consistent with normal surfactant 
activity.

Emergence and extubation are as per  any 
major surgery with extubation expected unless 
there are pre-existing comorbidities or intraoper-
ative misadventures which would contraindicate 
doing so.

�Cranial Procedures

The lateral position is used for neurosurgical 
approaches in patients requiring temporal bone 
craniotomy, skull base, and posterior fossa pro-
cedures [27]. The lateral position lends itself well 
to approaches to the cerebellopontine angle and 
other lateral lesions as well as lesions of the cli-
vus and lateral foramen magnum and other 
lesions requiring an infracerebellar approach. 
Gravity-assisted retraction of the cerebellum is 
especially useful for exposure of the cerebello-
pontine angle for acoustic tumors and microvas-
cular decompression procedures [66].

Additional intraoperative monitoring for 
patients undergoing complex cranial neurosurgi-
cal procedures in the lateral position includes a 
urinary catheter and invasive arterial monitoring. 
In lateral cranial procedures, we also place exter-
nal pacing pads in anticipation of cranial nerve/
brainstem stimulation-induced bradycardia. 
Vascular access requirements are specific to the 
case with two peripheral intravenous lines a 
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minimum. As with the spinal procedures in the 
lateral position, choice of induction and mainte-
nance anesthetic agents and techniques are 
dependent on electrophysiologic monitoring and 
if it will involve motor-evoked responses.

Prior to any cranial surgery in the lateral posi-
tion, the following items should be in agreement 
between the anesthesia provider, the patient, and 
the neurosurgeon: (1) The correct side—the 
patient and their physical findings are specific for 
that side, (2) The stability of the neck and the 
integrity of the spinal cord are consistent with 
laryngoscopic endotracheal intubation, and (3) 
The patient demonstrates neck movement consis-
tent with intubation without symptomatology. 
Any disagreement must be resolved prior to pro-
ceeding with the anesthetic.

We secure the endotracheal tube with a bridle 
maneuver and place a large gauze bite block 
between the teeth after induction and intubation. 
We place a triple lumen line in the internal jugu-
lar vein in anticipation of possible hypertonic 
solution administration. In the lateral position, 
the head is most often supported by an appropri-
ate headrest that does not compress the down-
side ear necessitating an increase in anesthesia to 
accommodate the stimulation. A roll is placed 
immediately caudal to the axilla to support the 
chest and to avoid axillary neurovascular com-
pression. The dependent arm is placed along the 

patient’s side or across the chest. The patient’s 
legs are positioned with the dependent leg strait 
and the upper leg flexed on pillows [66]. For the 
three-quarter prone position, skull pins are used 
for head position. The dependent arm is posi-
tioned along the patient’s side, and a longitudinal 
roll is placed under the thorax on the contralateral 
side. The park-bench position has the patient’s 
head in skull pins with their back at 45°. The 
dependent arm is now placed flexed in a sling and 
suspended over the head of the table (see 
Fig.  3.6). For the three-quarter prone position, 
skull pins are used for head position. The depen-
dent arm is positioned along the patient’s side, 
and a longitudinal roll is placed under the thorax 
on the contralateral side. The park-bench position 
has the patient’s head in skull pins with their 
back at 45°. The dependent arm is now placed 
flexed in a sling and suspended over the head of 
the table [67]. The patient is secured to the table 
with a minimum of three Velcro straps. The table 
is then articulated to the extent deemed necessary 
by the surgeon prior to prepping and draping to 
assure the patient’s security.

Unless contraindicated by the electrophysio-
logic monitoring, anesthesia is maintained with 
controlled positive-pressure ventilation with 
muscle relaxation. We use a combination of inha-
lation agent plus a continuous infusion of nar-
cotic. TIVO is used if required by monitoring. 

Fig. 3.6  Patient placed 
in park-bench position 
with endotracheal tube 
“bridled” into position. 
A gauze bite block will 
be placed between the 
teeth
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We use a combination of an infusion of Propofol 
and a narcotic (remifentanil) with intermittent 
doses of midazolam.

Depending on the location of the pathology, 
manipulation of cranial nerves V and/or X or 
manipulation of the brainstem can result in 
bradyarrhythmias that can be usually treated by 
informing the surgeon who can then avoid manip-
ulation of the nerve. If not, pharmacological 
intervention may be necessary or use of the exter-
nal pacemaker is available.

Emergence is accomplished by discontinuing 
the anesthetic agents. Not infrequently, these 
patients emerge with hypertension that we treat 
with a nicardipine infusion titrated to effect. 
Unless contraindicated by surgical manipulation, 
misadventure, or pre-existing comorbidity, the 
patients muscle relaxant is reversed and extu-
bated after the removal of the Mayfield.

�Complications Associated 
with the Lateral Position

The source of many complications in the lateral 
decubitus position is usually attributed to abnor-
mal pressure or stretch or both [68–70]. Pressure 
injuries to the skin, soft tissues, and ligaments are 
probably the most common positional injuries 
that the lateral position shares with other posi-
tions [71]. Baldness after long operations with 
associated hypotension. Backache is a common 
complaint for patients who have had surgery in 
the lateral decubitus position. The incidence is 
lower than that observed for the prone, lithotomy, 
or supine position, but still may be related to 
stretched lumbosacral ligaments [52, 72]. 
Whiplash injury to the cervical spine is a reported 
complication of undue tension on the cervical 
ligaments in the lateral position [73]. Horner’s 
syndrome [74] and postoperative parotitis [75, 
76] have also been reported in association with 
lateral positioning.

In the lateral decubitus position, compression 
is the major cause of damage to the brachial 
plexus. This occurs when the lower arm and 
shoulder are allowed to remain directly under the 
rib cage. The presence of a cervical rib will 

increase the vulnerability of the brachial plexus. 
The properly placed axillary roll prevents this 
[52]. Stretch becomes a factor if there is exces-
sive dorsal extension of the neck, suspension of 
the up-side arm on a Mayo tray or anesthesia 
screen that stretches the brachial plexus around 
the clavicle, and postural instability allowing too 
much patient movement [52]. Although clinical 
practice permits maximum abduction to the arm 
to 90°, injuries have occurred with as little as 60° 
when accompanied by forearm rotation [77, 78].

If the laterally positioned patient shifts ventral 
during surgery, the down-side arm is forced ven-
tromedially and may stretch the suprascapular 
nerve [79]. The median and ulnar nerves can be 
damaged if the arm is allowed to hang over the 
edge of the operating table [52].

The long thoracic nerve may be stretched by 
lateral angulation the neck and head away from 
the up-side shoulder producing a “winged-
scapula” [52].

�Prone Position

In the 1930s and 1940s spinal surgery, pioneers 
were hampered because no effort was made to 
avoid abdominal compression when positioning 
the patient prone. This is somewhat surprising 
given that the valve less nature of the venous sys-
tem was well understood at the time. Increased 
intra-abdominal pressure forced blood from the 
inferior vena cava into the extradural venous 
plexus, resulting in increased bleeding and a poor 
surgical field [80]. Ecker provided the first 
description of a new position which attempted to 
account for the increased abdominal pressure in 
1949, with his description of the kneeling posi-
tion [81]. Since that time no less than 16 varia-
tions have appeared in the literature [80].

Turning a patient into the prone position also 
affects the cardiovascular system, the most con-
sistent is a reduction in the cardiac index. This 
has been attributed to reduced venous return and 
reduced left ventricular compliance secondary to 
increased thoracic pressure. Obstruction of the 
inferior vena cava is a complication of the prone 
position and is worsened by any degree of 
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increased abdominal pressure. The net result is 
decreased cardiac output, increased bleeding, 
venous stasis, and consequent thrombotic com-
plications [80].

In the prone position, there is an increase in 
the functional residual capacity with alterations 
in the distribution of both ventilation and perfu-
sion throughout the lungs.

For patients with pre-existing tracheostomies, 
the table or frame may put either pressure or 
retraction on the tracheal appliance when placed 
prone. An endotracheal tube may be placed orally 
if the patient has a fresh tracheostomy or use a 
flexible armored endotracheal tube placed via the 
tracheal stoma if there is a mature tracheostomy. 
This tube is then stitched into place.

Turning a patient prone requires a level of 
anesthesia that preserves autonomic compensa-
tion, allows sufficient analgesia to avoid sym-
pathetic activity and includes sustained 
relaxation to allow gentle positioning. No spe-
cific drugs or regimens are clearly superior for 
these purposes. Choices are specific to the 
patient and the team [82].

In order to turn the patient prone, two receiv-
ers stand against the free side of the operating 
table/frame. Two turners face them at the free 
side of the patient bed. The arms are kept at the 
patient’s side. At the signal from the anesthesi-
ologist and after disconnection of the airway, the 
receivers extend their arms across the table to 
receive the patient. The turners begin to rotate the 
patient slowly from supine to prone onto the arms 
of the receivers. The head is maintained firmly in 
the sagittal plane of the body. The airway is 
reconnected and the patient’s head placed on its 
holder. The arms are positioned as desired with 
appropriate restraining tapes and straps [82]. The 
patient bed is not removed from the room until 
the vital signs are stable and the security of the 
airway assured. We keep the head midline and 
neither flexed or extended on a cushion or device 
designed to hold the head.

When turning a patient prone whose cervical 
spine is unstable spontaneous breathing may be 
used as an evaluation of cord function. 
Somatosensory-evoked potentials or motor-
evoked potentials may be employed with general 

anesthesia with testing done before, during, and 
after the turn [83, 84]. The use of a collar pro-
vides significant benefit in limiting spine motion 
that is observed in the axial rotation [85]. It is 
important to keep the head and spine in a neutral 
position during the positioning. Once the prone 
position has been attained, access to the head and 
endotracheal tube is restricted. Use of a flexible 
armored endotracheal tube is advocated to avoid 
the risk of tube kinking [3].

“When the continuity of the cervical spine is 
at risk, whether the patient is awake or asleep, it 
is prudent and customary to have the responsible 
surgeon (1) maintain the stable alignment of the 
head with the body during the turn, (2) position 
the pronated head to his or her satisfaction, and 
(3) personally assure that intact neurologic func-
tion has been retained once the patient is situated 
or that the position is optimized if neurologic 
function cannot be assessed” [82].

�Spinal Procedures

There is a long list of spinal procedures per-
formed in the prone position from simple lumbar 
discectomy to complex spinal fusions. Patients 
presenting for surgery of the spine may manifest 
peripheral neuropathy, paraplegia, or spine insta-
bility, each with its attendant complications and 
anesthetic considerations.

Patients with rheumatoid arthritis, cervical 
myelopathy, or spinal cord injury are at an 
increased risk for further neurologic injury if a 
controlled airway management approach by an 
experienced anesthesiologist is not performed. If 
an awake intubation is preferred, it should be dis-
cussed with the patient. It should always be 
brought to the patient’s attention that the poten-
tial for further neurologic injury exists.

Difficult laryngoscopy has been reported as 
high as 20% in patients with cervical spinal dis-
ease [12]. Patients with occipito-atlanto-axial 
complex disease have a higher incidence of dif-
ficulty than those with subaxial (C3–C7) disease 
[86]. Patients with symptomatic spinal stenosis 
(cervical myelopathy) may benefit from an awake 
fiberoptic intubation or induction with the head 
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stabilized and intubation performed under fiber-
optic guidance with use of spinal cord monitor-
ing [3]. For most other patients scheduled for 
cervical spine surgery, who have a reasonable 
range of motion, difficulty with intubation is no 
higher than with other types of surgery.

Unless pre-existing comorbidities argue oth-
erwise, additional anesthesia monitoring for most 
posterior spinal discectomies is not indicated. 
Complex spinal procedures involving blood loss 
and prolonged time require additional monitoring 
to include an arterial line, urinary catheter, and 
additional line access as indicated.

An acute spinal cord injury that disrupts sym-
pathetic outflow and may result in unopposed 
vagal stimulation and myocardial depression will 
require the standard monitors plus a urinary cath-
eter, arterial catheter, and placement of external 
pacemaker pads. Some advocate for placement of 
a pulmonary artery catheter [3]. When using 
transesophageal echo in acute spinal cord injury 
patients, we must consider the potential difficulty 
in placing the probe with the cervical spine 
immobilized, the theoretical possibility of cervi-
cal movement when the probe is placed and 
moved to obtain views and the potential for an 
associated esophageal injury in trauma patients 
with a high spinal cord injury [3].

Patients being positioned prone for neurosur-
gical spinal procedures should have the follow-
ing items in agreement between the anesthesia 
provider, the patient, and the neurosurgeon: (1) 
The correct side—the patient and their physical 
findings are specific for that side, (2) The stabil-
ity of the neck and the integrity of the spinal cord 
are consistent with laryngoscopic endotracheal 
intubation, and (3) The patient demonstrates neck 
movement consistent with intubation without 
symptomatology.

Induction of anesthesia for spinal procedures 
in the prone position shares the same issues as 
any other general anesthetic. Induction must con-
sider the choice of airway management and any 
electrophysiologic monitoring consideration. 
Muscle relaxation must be used with consider-
ation of possible hyperkalemic response in the 
case of succinylcholine.

After the airway is obtained, securing the 
endotracheal tube will depend on how the head is 
held. If using skull pins, we use a bridle to secure 
the tube. A plastic tube is passed via one nare and 
pulled from the throat. The tube is then taped to 
the ends of the plastic thus securing the tube to 
the maxilla. If simple head holding pillows are 
used, taping is sufficient. A bite block must be 
inserted that is large enough to protect the tongue 
and substantial enough to withstand repeated bit-
ing from motor-evoked potentials. Tongue bite 
injuries can occur even with a bite block in place 
[87]. There is no consensus on the type and num-
ber of bite blocks to prevent this problem. The 
basic principles of head positioning include 
avoidance of hyperextension, hyperflexion, and 
extreme rotation of the cervical spine. For poste-
rior procedures in the cervical spine, the position 
of the head is managed by the surgeon. For pos-
terior approaches to the middle to lower thoracic, 
lumbar, or sacral spine, the head is typically 
placed on a soft foam or gel pad with preconfig-
ured cutouts or a horseshoe headrest that allows 
midline orientation of the face and head. The 
eyes should be protected with no source of exter-
nal compression. The nose should be free from 
surfaces.

Maintenance of anesthesia for spinal proce-
dures in the prone position should be based on 
the patient’s underlying medical condition, the 
anticipated intraoperative conditions, and the 
preference of the individual anesthesia provider. 
An awareness of the various anesthetic effects on 
neurophysiologic monitoring is essential and the 
anesthesia consistent with the requirements of 
the monitoring employed. A stable operative 
anesthetic depth is essential for accurate monitor-
ing [3].

If an intraoperative wake-up test is required, 
either a total intravenous anesthetic or a balanced 
technique consisting of low doses of a volatile 
agent together with opioids is effective [88]. It 
should be noted and included in patient interview 
that there is an associated 25% incidence of intra-
operative awareness and recall of the awakening 
event. The recall is not regarded as unpleasant in 
most instances [89].
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Emergence and extubation are in accordance 
with the level of severity and length of the sur-
gery, pre-existing comorbidities, and experience 
of the anesthesiologist. All posterior cervical pro-
cedures deserve special consideration as fusion 
procedures may make the patient, who has no 
problem to intubate preoperatively, difficult after 
the fusion. Prone position procedures done in 
association with anterior cervical or transoral 
procedures will result in edema in the neck or 
posterior pharynx that will preclude immediate 
extubation.

�Cranial Procedures

The prone position is commonly used for 
approaches to the posterior fossa, pineal and sub-
occipital regions, and posterior parietal and 
occipital regions.

Monitoring for these procedures includes 
invasive arterial pressure monitoring, a urinary 
catheter, and additional line access as indicated. 
Electrophysiologic monitoring may be indicated 
according to the procedure planned.

Induction of anesthesia must be cognizant of 
the monitoring requirements, the pre-existing 
comorbidities of the patient, and the specific 
needs of the patient. A total intravenous anes-
thetic technique or a balanced anesthesia tech-
nique incorporating both an inhalation agent with 
an opioid are discussed in the literature. Patients 
being positioned prone for neurosurgical cranial 
procedures should have the following items in 
agreement between the anesthesia provider, the 
patient, and the neurosurgeon: (1) The correct 
side—the patient and their physical findings are 
specific for that side, (2) the stability of the neck 
and the integrity of the spinal cord are consistent 
with laryngoscopic endotracheal intubation, and 
(3) the patient demonstrates neck movement con-
sistent with intubation without symptomatology.

Intubation is accomplished using a flexible 
armored endotracheal tube using the bridle tech-
nique previously noted. A bite block of rolled 
gauze substantial enough to withstand spasmodic 

biting induced by evoked monitoring (if 
employed) and broad enough to maintain the 
tongue in the mouth is secured.

After induction and intubation, an esophageal 
stethoscope and nasopharyngeal temperature 
probe are placed. A central venous catheter is 
then placed. The prone position is associated 
with a lower incidence of venous air embolism, 
[90, 91] but the risk is not eliminated. Thus, if the 
surgical opening is planned to be over the torcula 
or a major venous sinus, we additionally double-
stick the internal jugular vein and place a multi-
orifice air aspiration catheter using the 
intravascular electrocardiography with the P 
wave large and negative and no positive compo-
nent. If unclear, a chest X-ray is made. External 
pacemaker pads are applied to the chest. 
Additional anesthesia is given when skull pins 
are applied.

The patient is turned prone and positioned 
(see Fig. 3.7). If placed in flexed position, be cog-
nizant of the possibility of macroglossia postop-
eratively. The head should be placed in such a 
manner that the shoulders are at or above the 
edge of the operating table. This will prevent the 
face from becoming compressed against the 
cephalad edge of the operating table when ele-
vated [26]. After turning and positioning, the 
right atrial line should be checked again for 
placement and a precordial Doppler placed. 
Unless dictated otherwise by electrophysiologic 
monitoring requirements, anesthesia is main-
tained with controlled positive-pressure ventila-
tion with muscle relaxation. TIVA may be 
employed if preferred or required by 
monitoring.

Emergence is aimed at preventing abrupt rises 
in blood pressure. To this end, we start all our 
posterior fossa cases on nicardipine and titrate 
accordingly. Rapid awakening with reversal of 
muscle relaxation and minimal coughing on the 
endotracheal tube are all goals. Extubation is 
dependent on the extent and nature of the brain-
stem manipulation and/or cranial nerve involve-
ment [92, 93]. Agreement between surgeon and 
anesthesiologist is recommended.
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�Complications of the Prone Position

Dropping the patient during the turn can happen 
as a result of an uncoordinated or unskilled team 
of turners, too few team members to accommo-
date the weight of the patient, or unexpected 
separation of the operating table and transport 
cart just as the patient is in the lateral phase of the 
turn and not well supported by the table or the 
bed [82].

Loss of airway, vascular access lines, cathe-
ters, and monitors can and does happen.

The prone position can result in injuries to the 
central nervous system. These can be classified 
according to the underlying mechanism—arterial 
occlusion, venous occlusion, air entrainment, 
cervical spine injury, or the effect of undiagnosed 
neoplasms. Failure to avoid excessive neck 
movement and allowing normal blood flow in the 
carotid and vertebral arteries can lead to carotid 
dissection and infarction [94]. A stroke has been 
reported in a patient after prone spine surgery 
with the head turned and unrecognized carotid 
stenosis [95].

Occlusion of the vertebral arteries has been 
reported in at least four cases. In one the patient 

developed a lateral medullary syndrome immedi-
ately after surgery [96]. A sudden quadriplegia 
developed a few hours after surgery in the knee-
chest position with the head rotated. The MRI 
screening showed infarcts in the upper cervical 
cord and at watershed areas between anterior and 
posterior cerebral circulations. The authors pro-
pose that temporary occlusion of the vertebral 
artery led to stasis, thrombosis, and embolism 
[97]. A single report with a similar mechanism 
occurred during scoliosis repair [98]. Another 
prone surgery patient with the head rotated devel-
oped vertebral artery dissection and cerebellar 
infarct [99].

Four patients after cervical laminectomy in 
the prone position supported by chest rolls devel-
oped neurological deficits immediately after the 
operation. Two developed hemiparesis, one 
developed quadraparesis, and one paraparesis 
[100]. The authors proposed that the use of chest 
rolls caused a degree of increased venous pres-
sure combined with mild arterial hypotension 
leading to decreased perfusion pressure in the 
spinal cord and ischemia [80]. A similar mecha-
nism may explain a quadriplegia which occurred 
after thoracolumbar decompression, [101] and 

Fig. 3.7  Note the distance between the chin and the edge of the table

C. Wayne Hamm



43

two reports of thoracic level paraplegia after 
lumbar spine surgery [102]. Two reports of injury 
involving venous occlusion occurred in the con-
text of abnormal venous anatomy [80].

Bilateral jugular venous infarcts developed in 
the cerebellum of an achondroplastic dwarf 
thought the result of stenosis of the jugular fora-
men (a recognized feature of achondroplasia). 
The patient had 9 h of surgery head down on a 
Wilson Frame [103]. A patient with an occipital 
meningioma which had obliterated the superior 
sagittal sinus, such that the venous drainage from 
the cerebral hemispheres occurred through the 
anterior emissary veins into the scalp. When 
turned, prone onto the horseshoe headrest, these 
veins were compressed leading to venous stasis 
and rupture into the frontal extradural space [104].

Introduction of air into the cranial cavity is 
common after neurosurgical procedures and 
occurs in all positions [80]. In spite of the fre-
quency, only two reported cases of tension pneu-
mocephalus have been observed in prone position 
cases [105, 106]. A single case of pneumorrha-
chis (air in the spinal canal) after posterior fossa 
exploration [107].

There have been a large number of case reports 
of venous air embolism [80]. There are four 
reported cases of fat embolism in patients under-
going spine procedures in the prone position [80].

Excessive neck flexion in a patient for an 
8.5-h operation in prone position with the neck 
flexed and chin approximately one finger-breadth 
from the sternum resulted in complete and per-
manent C5/6 sensory and motor deficit level 
[108]. A patient having lumbar spinal surgery 
awoke with a T6 sensory level as a result of a 
prolapsed disc at C6/7 [109].

Space-occupying lesions within the spinal 
canal or cranium can become symptomatic as a 
result of the prone position [80]. Although the 
mechanism involved was uncertain, spinal arach-
noid cysts, [110] spinal metastases, [111] and 
frontal lobe tumors [112] have become symp-
tomatic following surgery in prone position. 
Bradycardia and fatal neurogenic edema occurred 
when an undiagnosed neurofibroma in the poste-
rior fossa fell anteriorly in a patient turned prone, 
thus compressing the medulla and pons [113].

Four cases of brachial nerve damage have 
been reported which occurred after prone posi-
tioning [114–117]. An isolated axillary nerve 
injury occurred following lumbar spine surgery 
[118]. Musculocutaneous [119] and radial nerve 
injury [120, 121] have also been reported. 
Damage to the lateral cutaneous nerve of the 
thigh is a commonly recognized complication of 
the prone position [80, 120]. A patient thought to 
have incurred inadvertent jaw retraction in the 
prone position reported damage to the lingual 
and buccal nerves [122].

Supra orbital nerve injuries have been reported 
in three patients [123, 124]. Phrenic nerve [125] 
and recurrent laryngeal nerve injury [126] has 
been reported with overextension or rotation of 
the neck while prone. One case series describes 
injury to the dorsal nerves of the penis in two 
patients prone on a fracture table [84, 127].

Direct pressure in the prone position is a com-
mon cause of anesthesia-related injury. The 
affected skin areas include the malar regions, 
iliac crests, chin, eyelids, nose, and tongue 
[128–135].

Placement of the head in a PronePositioner™ 
has been reported to cause contact dermatitis 
[136].

There have been four reported cases of tra-
cheal compression during prone position cases 
[137–140]. All were associated with thoracic 
scoliosis and the proposed mechanism involved a 
reduced anterior-posterior diameter of the chest 
[80]. In three of the patients, an underlying con-
nective tissue defect was found, either Marfan 
syndrome [138, 139] or tracheomalacia [140].

Salivary gland swelling has been reported 
after surgery in the prone position with the head 
rotated [141].

Anterior dislocation of the shoulder has been 
reported [142]. In this case it was only noticed 
because it led to compression of the axillary 
artery and loss of the pressure trace in the radial 
arterial line [80]. Shoulder pain has been reported 
in a larger series of patients [143].

There have been reports of macroglossia in 
prone position patients [144–146]. One devel-
oped massive swelling of the tongue, soft palate, 
lateral pharynx, and arytenoids after a craniotomy 
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[144]. One case for a posterior cervical decom-
pression had swelling of the tongue and orophar-
ynx after surgery requiring emergency 
tracheostomy [145].

Two case reports describe severe hypotension 
resulting from compression of the right ventricle 
against an abnormal sternum [147, 148].

A case has been reported of aorto-coronary 
vein graft compression and occlusion from prone 
position [149]. Another case reports transient 
obstruction of a Rastelli conduit during scoliosis 
surgery [150].

Hepatic ischemia, with progressive metabolic 
acidosis and elevated enzymes, has been 
described after prolonged prone surgery [151, 
152]. Pancreatitis is a recognized complication of 
scoliosis surgery [80].

Three patients undergoing decompressive spi-
nal surgery in the prone position using a hypoten-
sive anesthetic technique demonstrated avascular 
necrosis of the femoral head [153].

Compartment syndrome has been reported in 
multiple patients after spinal surgery in some vari-
ation of the prone position involving flexion of the 
hips and the knees [154–159]. Rhabdomyolysis 
has been reported in the absence of compartment 
syndrome in prone-positioned patients. These 
have involved prolonged spinal surgery with flex-
ion of hips and knees [159–161].

With regard to postoperative visual loss 
(POVL) after non-ocular surgery, spinal surgery 
performed prone may be associated with ophthal-
mic injury. Ophthalmic complications have been 
reported to occur in less than 0.2% of spine sur-
geries [162–166].

The two injuries most frequently described 
are ischemic optic neuropathy [167, 168] and 
central retinal artery occlusion [169, 170]. Other 
complications appearing in the prone patient 
include multiple reports of transient and perma-
nent ophthalmoplegia [123, 124, 170–172]. 
Cavernous sinus thrombosis, [173] central retinal 
vein occlusion, [166] unexpected presentation of 
an orbital hemangioma, [174] painful orbital 
compartment syndrome, [175] bilateral angle 
closure glaucoma, [176] non-traumatic subperi-
osteal orbital hemorrhage, [177] amaurosis, [178] 
dislocated intraocular lens, [179] and fixed 

mydriasis [180] have all been associated with 
prone position spinal cases.

Prone position studies demonstrate a relation-
ship between operation time and position compli-
cations. Only three prone position studies 
reported complications following procedures of 
less than 120 min, seven studies reported compli-
cations following mean operative times of 121–
240  min, and nine additional studies reported 
complications following mean operative times 
greater than 240 min [181].

Dr. G. Edge in evaluating the Third Edition of 
Martin and Warner’s Positioning in Anesthesia 
and Surgery made the following comments:

“Patient positioning is a subject of prime concern 
to the anaesthetist and surgeon; it is also occasion-
ally a cause of conflict between the anaesthetist 
attempting to maintain parameters within physio-
logical limits while the surgeon attempts to push 
anatomical considerations to their limits in an 
attempt to achieve optimum access to the surgical 
target. Indeed, the preface to this the third, edition 
of this book notes that in the earlier editions the 
presentation of major topics by surgical and anaes-
thetic authors deliberately resulted in varied opin-
ions—a factor overcome in this current edition by 
excluding the surgeons. However, this simple rec-
ipe for operating room harmony cannot be applied 
to the operating theatre where, frequently, the 
anaesthetist’s role is to accept the patient position 
decreed by the surgeon then institute a damage 
limitation exercise” [182].

A deliberate effort has been made throughout 
this chapter to emphasize the word “agreement.” 
Often, because of the infrequency of some pro-
cedures and some positions, anesthesia provid-
ers will be unfamiliar with conducting an 
anesthetic in a given position. It is incumbent on 
the part of the anesthesia providers to make their 
concerns known to the neurosurgeon. The neu-
rosurgeon then has the option to modify the 
intended approach, request another anesthesia 
provider, or cancel the case. The neurosurgeon 
must believe that the pathology and the pre-
existing morbidities of the patient make the 
position selected is the best choice for that 
patient. The anesthesia provider must believe 
that they can conduct a safe anesthetic that 
delivers optimum operating and monitoring 
conditions while being fully aware of and 
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prepared for complications associated with the 
position, the procedure, and the interaction 
between the two. The neurosurgeon and the 
anesthesiologist must be in agreement.
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�Introduction

In this chapter, we will adopt the preanesthe-
sia evaluation model described in “A Practice 
Advisory for Preanesthesia Evaluation,” 
published by the American Society of 
Anesthesiologists (ASA) in 2012, to address 
the specific evaluation of neurosurgical patients’ 
ability to assume and sustain the desired posi-
tion for the planned procedure. ASA Practice 
Advisories are not intended as standards, guide-
lines, or absolute requirements, and their use can-
not guarantee any specific outcome. They may be 
adopted, modified, or rejected according to clini-
cal needs and constraints and are not intended to 
replace local institutional policies [1].

According to this model, a thorough preanes-
thesia evaluation aimed at evaluation of assump-
tion and sustainability of anticipated neurosurgical 
position will include all of the following:

	1.	 Describing the process of surgery and anesthe-
sia and developing a rapport with the patient.

	2.	 Review of readily accessible medical records.

	3.	 A patient interview.
	4.	 Preoperative tests when indicated.
	5.	 Other consultations when appropriate.
	6.	 At a minimum, a directed preanesthetic physi-

cal examination should include an assessment 
of the airway, lungs, and heart.

Describing the Process of Surgery 
and Anesthesia and Developing 
Rapport with the Patient

Although many of the same general principles 
for preoperative evaluation apply to neurosurgi-
cal patients as to patients undergoing other types 
of procedures, neurosurgical patients suffer from 
unique pathologic conditions and are undergoing 
procedures that require tailored evaluation and 
monitoring in the perioperative period.

Discuss the anticipated position the patient 
will assume and maintain with the patient/family. 
Review the anticipated postoperative issues that 
may be associated with the position such as pos-
sible painful extended extremities, back pain, 
dependent edema, and pressure points unique to 
the position assumed. For example, neurosurgi-
cal patients to be positioned in the supine posi-
tion may experience antecubital pain associated 
with tucked arms. Neck pain associated with sus-
tained head turning may also be encountered. 
Patients who must lie immobile for prolonged 
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periods in a supine position often complain of 
backache [2, 3]. During prolonged procedures, 
the heels and plantar flexor tendons are especially 
at risk for developing blisters and ischemic pres-
sure areas [3]. Prolonged compression of the hair 
follicles may produce hair loss [4]. The alopecia 
may not occur until several days to weeks after 
the operation have passed [5–8]. Probably the 
single most reported neuropraxic complication is 
ulnar neuropathy [9]. Time spent discussing these 
issues will go far in establishing rapport and con-
fidence in the patient.

The timing of an initial preanesthesia evalu-
ation is guided by such factors as patient 
demographics, clinical conditions, type and 
invasiveness of procedure, and the nature of the 
healthcare system. For supine patients under-
going an awake craniotomy, early preoperative 
evaluation is critical. Awake craniotomies require 
preanesthesia evaluation in order to determine if 
the patient is a suitable candidate for the proce-
dure. It is essential that the preoperative education 
for a patient undergoing an awake craniotomy be 
thorough, frank, and conducted in such a manner 
that both the patient and the anesthesia provider 
believe that the anticipated procedure should and 
can be accomplished in an awake state.

The anesthesia provider directly responsible 
for the conduct of the awake craniotomy should 
meet with the patient at a date prior to the sur-
gery. Meeting within a week of surgery allows 
issues to be fresh in the minds of all parties. The 
anesthesia provider should assess the suitability 
of the patient for an awake craniotomy. Only 
those patients with the ability to clearly under-
stand risks and benefits of the surgery and who, 
in the opinion of the neurosurgeon and the anes-
thesia provider, will cooperate during surgery 
should be considered as candidates for an awake 
craniotomy.

The preoperative education of the patient 
should address what the patient should expect 
from a sensory standpoint. This includes a visual 
description of the operating room as well as what 
the patient will see when he emerges under the 
drapes, whom he will see, and how people in the 
operating room will be dressed. Pictures, 
PowerPoint, or video are all helpful in this expla-

nation. The patient should be advised to expect 
possible offensive odors, particularly where elec-
trocautery will be used. Tastes or flavors encoun-
tered with the use of airway devices and 
medications should also be explained. Touch 
should focus on how the patient will be posi-
tioned and the use of the Mayfield/pinion head 
holder, the awkward body positioning with the 
need for minimal movement and the potential for 
significant discomfort. Special emphasis should 
be placed on the sounds a patient should expect 
to hear. Usually, patients are emerging during the 
removal of the bone flap. The drilling sound is 
conducted directly to the ear and can be quite 
loud and disturbing to the patient.

The preoperative education should also 
address the activities in which the patient will 
participate during the surgery. What is involved 
in the mapping of aphasia and anomia should be 
clearly explained to the patient with attention 
placed on how the Ojemann stimulation can 
result in temporary aphasia.

The preoperative education should next focus 
on how intraoperative issues will be addressed. 
The patient’s seizure history should be thor-
oughly addressed to assess the presence of 
“aura,” time of day when most seizures occur and 
medications. The anesthesia provider must have 
a clear understanding of the type of seizure the 
patient has historically and its presentation.

The patient should be fully informed of all 
plans for dealing with seizures encountered dur-
ing the procedure. The potential for nausea 
should also be discussed with anticipated plans 
for dealing with it. The potential for emergent 
intubation and general anesthesia should the 
patient become uncooperative and have persis-
tent seizure activity, airway compromise, or 
hemodynamic instability should also be dis-
cussed. The anesthesia provider should ascertain 
patient wishes with regard to the possible aban-
donment of the awake technique for a general 
anesthetic. If the patient and the neurosurgeon 
maintain that the awake technique is the only 
way to accomplish the surgical goals, the patient 
must understand that conditions which dictate 
airway control and a general anesthetic during 
the time of the awake phase of the procedure will 
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result in the cancellation of surgery if the surgical 
situation will permit. All additional questions 
should be addressed and a written outline of all of 
the above should be provided to the patient for 
their further review.

The importance of this preoperative education 
for both the patient and the anesthesia provider 
cannot be overemphasized. Arguably, the single 
most important element in the successful awake 
craniotomy is the well-motivated, well-informed 
patient. In our experience, early communication 
with the patient, describing the process of the 
surgery and the anesthesia actions provides an 
opportunity for the patient to consider what he 
has been told, ask appropriate questions.

For outpatient supine spinal procedures, 
describing the process of surgery and anesthesia 
and developing rapport with the patient can eas-
ily be accomplished at the time of admission on 
the day of surgery.

For neurosurgical patients to be positioned 
prone, possible numbness and tingling in ulnar 
distribution associated with their arms placed at 
the head. Facial/tongue edema may be antici-
pated if prolonged procedure with anticipated 
major fluid shifts. Red areas may appear around 
the forehead or chin associated with the use of 
the head pillow. Red areas appearing at the pres-
sure points of the supporting device in the shoul-
der, leg, and hip areas should be discussed. 
Obstruction of the inferior vena cava is a compli-
cation of the prone position and is worsened by 
any degree of increased abdominal pressure. The 
net result is decreased cardiac output, increased 
bleeding, venous stasis, and consequent throm-
botic complications [10].

Preoperative education for neurosurgical 
patients to be positioned in the lateral position 
should include a discussion that numbness and 
tingling down the arm may occur. The patient 
may also experience redness or pain associated 
with the ischial tuberosity on the down side. 
Facial edema may occur. Anesthesia mumps is a 
unique clinical entity characterized by acute tran-
sient postoperative swelling of the parotid gland 
may be associated with the lateral position. Neck 
and shoulder pain may be associated with the 
maintained position of the head.

Neurosurgical patients to be positioned in the 
sitting position should be advised that possible 
cranial nerve dysfunction remote to the surgical 
site may occur. Facial/tongue edema requiring 
postoperative ventilation is possible. The need 
for additional monitoring and placement of cath-
eters for evacuation of venous air aspiration 
should also be explained.

Content of the Preanesthetic 
Evaluation Includes but is not 
Limited to Readily Accessible 
Medical Records

A review of the patient’s past medical records, 
including any current diagnoses, current medica-
tions and therapies, and medical conditions, will 
often reveal if the anticipated position for the 
neurosurgical procedure is feasible or not. For 
example, the presence of a septal defect in the 
heart would preclude the sitting position.

In patients to be positioned supine, the prior 
medical history should be evaluated for possible 
mediastinal mass, severe congestive heart fail-
ure/cor pulmonale, or severe chronic obstructive 
pulmonary disease. Where these conditions are 
present, assumption and maintenance of the posi-
tion may not be possible, may not be maintain-
able for long periods of time, or may demand 
increased levels of postoperative care.

In patients to be positioned prone, a prior 
medical history of intrathoracic tumor, pulmo-
nary problems, prior abdominal procedures with 
stomas, prior placement of vascular access 
devices, implanted cardiac pacemaker/defibrilla-
tor devices and implantable pumps, the presence 
of ventriculo-peritoneal shunts, arm/shoulder 
injuries or symptomatology should be vetted. 
Intrathoracic tumors may move when turned 
prone and result in occlusion or partial occlusion 
of bronchi or great vessels.

Patients who have had prior coronary bypass 
surgery, depending on the revascularization pro-
cedure, may have problems with the prone posi-
tion. A case has been reported of aorto-coronary 
vein graft compression and occlusion from prone 
position [11]. Another case reports transient 
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obstruction of a Rastelli conduit during scoliosis 
surgery [12]. Two case reports describe severe 
hypotension resulting from compression of the 
right ventricle against an abnormal sternum [13, 
14]. Evaluation of patients with sternal abnor-
mality such as pectus excavatum or carinatum as 
well as rib fractures or any lack of rib sternum 
stability should be done before prone position is 
established in all these at risk patients.

There have been four reported cases of tra-
cheal compression during prone position cases 
[15–18]. All were associated with thoracic scoli-
osis and the proposed mechanism involved a 
reduced anterior-posterior diameter of the chest 
[10]. In three of the patients, an underlying con-
nective tissue defect was found, either Marfan’s 
syndrome [16, 17] or tracheomalacia [18].

The prone position can result in injuries to the 
central nervous system. These may be classified 
according to the underlying mechanism—arterial 
occlusion, venous occlusion, air entrainment, 
cervical spine injury, or the effect of undiagnosed 
neoplasms. Failure to avoid excessive neck 
movement and allowing normal blood flow in the 
carotid and vertebral arteries can lead to carotid 
dissection and infarction [19]. A stroke has been 
reported in a patient after prone spine surgery 
with the head turned and unrecognized carotid 
stenosis [20].

Occlusion of the vertebral arteries associated 
with the prone position has been reported in at 
least four cases [21–24].

There have been four reports of patients devel-
oping neurological deficits immediately after cer-
vical laminectomy in the prone position supported 
by chest rolls [25]. In another case where the 
patient was an achondroplastic dwarf, bilateral 
venous infarcts developed in the cerebellum fol-
lowing thoraco-lumbar surgery in the prone posi-
tion, possibly as a result of stenosis of the jugular 
foramen (a recognized feature of achondroplasia) 
[26].

Introduction of air into the cranial cavity is 
common after neurosurgical procedures and 
occurs in all positions and there have been a large 
number of reports of venous air embolism associ-
ated with the prone position [10]. Only two 
reported cases of tension pneumocephalus have 

been observed in prone position cases [27, 28]. A 
single case of pneumorrhachis (air in the spinal 
canal) after posterior fossa exploration has been 
reported in the prone position [10].

Severe restrictive pulmonary disease can 
require even higher ventilatory pressures in the 
prone position. Prior creation of abdominal sto-
mas requires thought on how to position so that 
there is neither obstruction nor pressure on the 
stoma itself. If placed in a position such that the 
accessed vascular devices such as Port-a-Cath 
can rub the patients skin. Erosion of the skin at 
that site is possible. Placing patients with 
implanted cardiac devices may require magnet 
placement. The location and padding of such 
equipment should be discussed prior to turning 
patient. The location of implanted pumps should 
be assessed to assure that the position does not 
put so much pressure on the skin above the pump 
that it causes ischemia, or the position occludes 
the delivery catheter. Place those patients with 
ventriculo-peritoneal shunts prone in such a man-
ner that the distal catheter is under no compres-
sion. Patients with prior arm/shoulder pathology 
should be assessed for their ability to assume the 
prone position. If pain is encountered, alternative 
positioning should be considered. Any preopera-
tive symptomatic extremity issues should be 
noted. It is important to consider the size of the 
patient. If they are obese, it may not be possible 
to obtain descent of the abdomen. Additionally, 
the size of the patient may exceed the capabilities 
of the equipment. An increase of intra-abdominal 
pressure in the prone position of more than 
12 mmHg creates a high risk for abdominal com-
partment syndrome, as visceral compression and 
intra-abdominal hypertension cause dropped per-
fusion pressure resulting in multi-organ failure. 
Patients with previous abdominal surgeries are at 
particularly high risk as tight abdominal closures 
can reduce abdominal compliance, increasing 
abdominal pressure. Previous abdominal surger-
ies are at risk for incisional hernia, particularly if 
the patient is obese [2].

Preoperative ophthalmologic evaluation 
should be considered if the patient has personal 
or family history of acute angle-closure glau-
coma [6]. The prone position test is also recom-
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mended to properly identify a patient’s risk of 
developing acute angle-closure glaucoma 
because of the test’s superior sensitivity and 
specificity. The prone position can shift the lens-
iris diaphragm forward, impinging on the drain-
age angle recess and obstructing the aqueous 
humor outflow and increased intraocular pressure 
and optic nerve injury [6]. An 8-mmHg rise in 
intraocular pressure over 60  min is considered 
significant [6]. Anatomical factors, including eth-
nicity (Asians, Canadians, Eskimos), female sex, 
shorter axial length of eyes, and a thicker, anteri-
orly located lens, seem to substantially increase 
the risk of increased intraocular pressure and 
may contraindicate use of the prone position in 
some patients [6, 7]. One hour of prone position-
ing in these high-risk individuals may result in 
acute angle glaucoma, substantially threatening 
the patient’s vision [6, 7]. Several studies have 
discussed postoperative vision loss due to prone 
position. The rate of this complication is esti-
mated to be between 0.05 and 1% [3–5]. The 
onset of acute angle-closure glaucoma in a patient 
complaining of persistent unilateral eye pain, 
nausea, and vomiting is typically 2 days follow-
ing lumbar fusion surgery [6].

Patients with preexisting tracheostomies need 
to be evaluated for possible obstruction of the air-
way. There are currently no guidelines in the 
medical literature regarding perioperative man-
agement of patients with a tracheostomy requir-
ing the prone position for surgery. We usually 
remove the tracheostomy tube and place an 
armored endotracheal tube during surgical proce-
dures in the prone position.

In patients who are to assume a lateral posi-
tion for their neurosurgical procedure a prior 
medical history of ipsilateral metastatic disease 
in the chest may result in movement of the tho-
racic tumor in such a manner to either obstruct or 
occlude a bronchus or vessel. Pulmonary disease 
may compromise further ventilation perfusion 
mismatch associated with the lateral position.

Consider patients who have cochlear implant 
devices on the down side as needing special pad-
ding to avoid compression of the cochlear device 
with possible ischemia of the skin flap. Necrosis 
of the down side ear has been reported [8].

The skin over the lower iliac crest is particu-
larly at risk from pressure necrosis in long opera-
tions. In emaciated patients placed in the lateral 
position, the underlying sciatic nerve can be 
damaged by direct pressure on the buttock at the 
point where it exits from the pelvis [8]. Lateral 
position with the good lung down is contraindi-
cated in patients with pulmonary hemorrhage or 
lung abscesses.

While venous air embolism has been described 
in association with a wide variety of surgical pro-
cedures and positions, it remains the most feared 
complication of the operative sitting position [9]. 
Monitoring for this complication includes place-
ment of a right atrial catheter. If a patient has a 
condition that precludes appropriate monitoring 
or treatment, all parties should consider whether 
it is advisable to continue with the sitting posi-
tion. Patients with any heart defects should have 
prior cardiac evaluation and approval before any 
procedure in which they are to assume a sitting 
position. A history of treated hydrocephalus with 
a ventriculo-atrial shunt requires consideration 
that air may be aspirated via a patent VA shunt 
from the ventricle and deposited directly into the 
heart. A history of cervical myelopathy requires 
an evaluation to determine if positioning will 
cause worsening of the condition. Most authori-
ties consider relative contraindications to the sit-
ting position to include: Patent VA shunt, right 
atrial pressure in excess of left atrial pressure, 
patent foramen ovale, platy-orthodeoxia (a con-
dition in which there is a right-to-left shunting of 
the blood at the atrial level only with assumption 
of the upright position), and cerebral ischemia 
when upright and awake [10]. Relative contrain-
dications may also include extremes of age, 
uncontrolled hypertension, and chronic obstruc-
tive pulmonary disease.

�Patient Interview

Arguably, the single best preanesthesia evalua-
tion tool for the anesthesiologist assessing the 
ability of the neurosurgical patient to assume and 
maintain the requisite position is the patient 
interview. Two valuable questions are first, “How 
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do you sleep at night and what position do you 
sleep in?” The second question is “Do you have a 
position you cannot sleep in, is painful or wakes 
you up?” Additionally, always make sure that the 
side and the level of the patient’s symptomatol-
ogy agrees with the history and physical exami-
nation and radiographic findings noted in the 
patient’s record and the scheduled surgery. The 
patient should physically indicate which side is 
symptomatic. If the patient sleeps in the position 
required for the surgery, there is probably little to 
fear from its use. If the patient indicates he can-
not assume or maintain the position during their 
sleep, further investigation into the advisability 
of that specific position is warranted. Note should 
be taken of any deficits the patient notes when 
they wake up such as numb and tingly arms fin-
gers, etc.

Does the patient have any limitations of their 
movements? Stiff shoulders may make position-
ing for prone position difficult. Various direc-
tional limitations should be noted and considered 
in the positioning process.

Whether the patient has experienced any 
vision problems should also be discussed as well 
as the patient’s current medications. Recent use 
of erectile dysfunction medications in association 
with prolonged prone position in the presence of 
large fluid shifts should be discussed with the 
surgeon.

Lastly, the patient interview, the operation 
scheduled, and the patient’s chart all should agree 
on the following: (1) the correct side, (2) the 
patient and their physical findings are specific for 
that side, (3) the stability of the neck and the 

integrity of the spinal cord are consistent with 
laryngoscopic endotracheal intubation, and (4) 
the patient demonstrates neck movement consis-
tent with intubation without symptomatology. 
Any disagreement must be resolved prior to pro-
ceeding with the anesthetic (Fig. 4.1).

�Preoperative Tests When Indicated

Selective preoperative tests (i.e., tests ordered 
after consideration of specific information 
obtained from sources such as medical records, 
patient interview, physical examination, and the 
type or invasiveness of the planned procedure 
and anesthesia) may assist the anesthesiologist in 
making decisions about the process of periopera-
tive assessment and management. Preoperative 
tests to aid in the preanesthesia evaluation of neu-
rosurgical patients for the ability to assume and 
maintain the desired position should be requested 
after consideration of specific information 
obtained.

�Other Consultations When 
Appropriate

Probably the single most important consulta-
tion involves agreement on the correct side and 
level of the pathology to be addressed. This can 
be most simply accomplished by asking the 
patient to demonstrate the side of their body that 
is producing symptoms. If this is not in agree-
ment with the scheduled procedure, consultation 

During the Patient Interview

The patient must physically indicate which side is symptomatic.
A simple left or right response is not sufficient
The side indicated must agree with:

The “history and physical” and radiographic findings in the patient’s record
The scheduled surgery

The stability of the neck and the integrity of the spinal cord are consistent with 
laryngoscopic endotracheal intubation
The patient demonstrates neck movement consistent with intubation without 
symptomatology

Fig. 4.1  Results of the 
patient interview
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with the neurosurgeon is immediately indicated. 
Certainly, confusion as to side can be complicated 
by issues such as central cord syndrome, but all 
parties must be in agreement as to side and loca-
tion of pathology prior to initiating anesthesia.

Physical examination findings not noted in 
history and physical or determination of addi-
tional pathology such as cervical spine findings 
should be discussed with the surgeon along with 
their possible anesthesia implications.

If patients are found to have ipsilateral meta-
static pathology involving the brain and chest, 
consultation with pulmonary medicine may be 
indicated.

�Basic Elements of a Directed 
Preanesthetic Physical Examination

A directed preanesthetic physical examination 
for the ability of a neurosurgical patient to assume 
and maintain the position required for the spe-
cific procedure should include having the patient 
assume the position prior to the surgery under the 
vision of the anesthesiologist and have the patient  
comment on the sustainability of maintaining 
that position.

Evaluation of the cervical spine is a critical 
element in the preoperative anesthesia workup of 
neurosurgical patients. This patient population is 
particularly predisposed to harbor an accompa-
nying cervical condition, given the relatively 
high incidence of tandem degenerative disease 
(e.g., concomitant cervical and lumbar stenosis), 
poly-traumatism (e.g., intracranial hemorrhages 
and spinal fractures), metastatic masses (associ-
ated intracranial and spinal metastases), and 
mixed neurological syndromes (e.g., Syrinx and 
Chiari malformation). If cervical instability or 
neural element compression are present before 
surgery, patient positioning and/or intubation 
maneuvers may cause enough mechanical stress-
ors that can result in worsening postoperative 
neurological deficits. The anesthesiologist and 
the neurosurgeon should be sensitive to the clini-
cal signs and symptoms hinting at a cervical 
pathology that may be worsened by laryngo-
scopic intubation. Management of the airway in 

all cases of cervical pathology whether involving 
instability or not should be agreed between anes-
thesia and neurosurgery.

The cervical spine assessment is accomplished 
by moving the head in all planes and noting any 
discomfort. The head is also flexed, extended, 
and rotated Fig. 4.2. Any indication of a potential 
difficult airway is noted. Simple push-pull with 
the arms and hand grips are assessed. Ability to 
raise the arms above the head is also noted. 
Flexion and extension of the feet and movement 
of the knees are also assessed. The ocular move-
ments are assessed along with tongue movement, 
swallowing, and speech noted.

�Cervical Stability

In considering spinal stability at the cervical 
level, from both a mechanical and a pathological 
perspective, two separate regions can be identi-
fied. The upper cervical spine provides most of 
the rotatory movements of the neck at the atlanto-
axial junction (C1–2). It also majorly contributes 
to the cervical flexion/extension at the occipito-
cervical joint. The lower or subaxial cervical 
spine (C3–7) is responsible for flexion/extension 
as well, mostly between C5 and C7 where the 
highest incidence of degenerative disease is 
encountered. Orotracheal intubation produces 
movement in the cervical spine. During orotra-
cheal intubation, the least movement was 
obtained by the use of in-line stabilization by an 
assistant [11].

Ligaments mainly maintain stability of the 
upper cervical spine, especially at the atlanto-
occipital joint (Fig. 4.3). Most important of these 
are the tectorial membrane and alar ligaments. 
While the alar ligaments connect the dens of C2 
to the occipital condyles, the tectorial membrane 
is considered to be a rostral continuation of the 
posterior longitudinal ligament, which spans the 
ventral wall of the foramen magnum and the pos-
terior aspect of the dens and C2–3 vertebral bod-
ies. Counterintuitively, the ligaments connecting 
the atlas to the occiput (anterior atlanto-occipital 
membrane, which is the extension of the anterior 
longitudinal ligament, and posterior atlanto-
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Cervical Range of Motion

54 degrees 77 degrees

45 degrees 70-80 degrees

• Neck extended
• Head rotated toward
  affected shoulder
• Axial load placed on
  the cervical spine
• Reproduction of
  patient's shoulder/arm
  pain indicates possible
  nerve root compression

The spurling's Maneuverb

aFig. 4.2  Radicular 
symptoms are frequently 
dynamic and it is 
prudent, whenever there 
is no contraindication 
otherwise, to evaluate 
them with the cervical 
range of motion (a) and 
with the Spurling 
maneuver (b)
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occipital membrane) play a less crucial role in 
atlanto-axial stability [12]. In adults, the basion-
dental interval should be less than 8.5 mm on CT 
or less than 12  mm on X-rays and the atlanto-
occipital interval (AOI) less than 1.4–2  mm. 
Otherwise, an atlanto-occipital dislocation 
should be suspected [13]. Attention should be 
made however in the neurosurgical population to 
the occipital condyle and joints, noticeably in 
those undergoing current or previous skull base 
or upper cervical surgeries requiring a trans-
condylar approach. It is believed that one half to 
two thirds of the occipital condyle can be drilled 
without disturbing stability [14].

At the atlanto-axial joint, the interlocking 
structure of the dens against C1 and the foramen 
magnum prevents hyper-flexion injuries 
(Fig. 4.3). This configuration is held in place pos-
teriorly by the strong transverse ligament (TAL, 
or transverse component of the cruciate ligament) 
[12]. For instance, integrity of the TAL is the 
most important factor to consider in atlanto-axial 
subluxation or in C1 fractures. It can be directly 
assessed on cervical magnetic resonance imag-
ing, or using the atlanto-dental interval (>3 mm 

in adults is abnormal) and the rule of Spence on 
plain radiographs or CT scans [15]. A fracture 
through the neck of the dens of C2 usually con-
fers more instability and risk of non-union than 
the other odontoid fractures. Integrity of the disc 
space between C2–3 is also important to consider 
in the stability of C2 fractures (e.g., Hangman 
fracture or bilateral C2 pars fractures, and tear-
drop hyper-flexion vertebral body fractures) [16].

Stability of the subaxial spine (C3–7) follows 
more closely Deni’s three column model of the 
spine, which was initially described for thoraco-
lumbar spine fractures (Fig.  4.4). The anterior 
column of the spine includes the anterior half of 
the disc and anterior vertebral body, the annulus 
pulposus, and the anterior longitudinal ligament. 
The posterior half of the disc and vertebral body, 
the posterior longitudinal ligament, and the pedi-
cles form the middle column. The posterior col-
umn encompasses the posterior arch (lamina, 
lateral masses, facets), supraspinous and interspi-
nous ligaments, facet joints and capsules, and 
ligamentum flavum. Disruption of two or more 
columns results in spinal instability [17]. Along 
the same trend, the Spine Trauma Study Group 

Fig. 4.3  Dorsal internal view of the occipito-cervical 
region showing the alar and cruciate ligaments. The 
transverse ligament is the horizontal segment of the cru-
ciate ligament. It locks the odontoid process of the axis 
posteriorly. The tectorial membrane (not shown) drapes 

over these structures as a continuation of the posterior 
longitudinal ligament. The atlanto-occipital joint is 
between the occipital condyle and the articular surface 
of the atlas. C1: Atlas, C2: Axis, Occ Bone: Occipital 
Bone
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Subaxial Cervical Spine Injury classification 
(SLIC) was adapted from the thoraco-lumbar 
classification (TLICS). It is intended to predict 
spinal instability, indications for surgical inter-
vention and long-term prognosis. It includes 
three major components: morphology of fracture 
(compression/burst/rotation), integrity of disco-
ligamentous complex (intact, intermediate, or 
disrupted), and neurologic status (intact function, 
root injury, complete and incomplete spinal cord 
injuries) [18].

Significant cervical spinal stenosis from 
degenerative disease is defined as cervical canal 
<10 mm, loss of CSF intensity around the spinal 
cord, myelomalacia, and increased medullary T2 
signal. The Torg and Pavlov method uses the ratio 
of the diameter of the cervical canal to the width 
of the cervical body. A ratio of <0.8 on the lateral 
view is an indication for cervical stenosis. In cases 
of degenerative disease, there is no true mechani-
cal instability. However, given the stenotic canal 
and compressed spinal cord, exaggerated move-
ments, especially with hyperextension such as 
during intubation and surgical positioning, 
increase the risk of traumatic injury and contusion 
of the spinal cord (e.g., central cord syndrome and 
worsening neurological deficits) [19].

�Evaluation of Cervical Instability 
and Neural Compression

Although cervical pathology can occur in asymp-
tomatic patients, a thorough clinical evaluation 
prior to positioning and intubation is a good 
screening tool to evaluate for most serious cervi-
cal instabilities and neural stenosis/compression. 
Patient’s medical history may reveal a previous 
neck trauma, neck surgery, or systemic predis-
posing factors, such as rheumatoid arthritis, 
Down syndrome, diffuse spinal degenerative dis-
ease (e.g., lumbar stenosis, see below). The clini-
cal examination should focus on two groups of 
signs and symptoms: those related to (1) struc-
tural instability or (2) neural compression. Nerve 
root compression from disc herniation, osteo-
phyte formation, or bony fragments results in 
clinical radiculopathy, which typically produces 
lower motor neuron findings in the related myo-
tome. Paresthetic pain and/or numbness may 
involve the associated dermatome. Radicular 
symptoms are frequently dynamic, and it is pru-
dent, whenever there is no contraindication oth-
erwise, to evaluate them with different cervical 
range of motion (rotation, flexion/extension, 
Spurling maneuver). Spinal cord compression, 

Fig. 4.4  The anterior, 
middle, and posterior 
stability columns of the 
subaxial spine (C3–7). 
Adapted from Denis’ 
thoraco-lumbar model 17 
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on the other hand, results in myelopathy and 
upper motor neuron findings. These typically 
include hyperreflexia (Hoffman, Babinski, clo-
nus, exaggerated deep tendon reflexes), neuro-
genic bladder, spastic and ataxic gait. Also 
encountered are sensory level loss (bilateral or 
unilateral, e.g., Brown-Séquard syndrome) and 
bilateral finger and hand weakness/tingling (cen-
tral cord syndrome). The cervical spine should be 
examined in its normal range of motion to assess 
for dynamic pathologies. Dynamic clinical find-
ings can include worsening pain, alignment 
deformity, radicular or myelopathic findings. If a 
non-diagnosed cervical pathology is highly sus-
pected prior to surgery, the anesthesiologist and 
the neurosurgeon should have a low threshold for 
further imaging workup. Depending on the find-
ings, AP and lateral X-rays can help evaluate the 
general alignment and overt fractures of the 
spine. Flexion/extension X-rays help assess cer-
vical spine stability. Computed tomography 
shows the bony structures in detail, and the mag-
netic resonance imaging the ligamentous, disc, 
and neural elements. Diagnosing a serious cervi-
cal instability or compression may lead to post-
poning the current elective surgery and 
prioritizing addressing the cervical spine first.

�Incidence of Cervical Stenosis 
Accompanying Lumbar Stenosis

Tandem stenosis of both the cervical and lumbar 
spine is not uncommon in the aging population. 
Based on previous studies, the reported incidence 
ranges between 5 and 25% [20–25]. The inci-
dence varies depending on the definition of sig-
nificant cervical stenosis—radiologic, clinical, or 
surgical. It is not clear whether congenital spinal 
stenosis is a predisposing factor for combined 
cervical and lumbar stenosis [21]. Lumbar sur-
gery for degenerative stenosis is a common neu-
rosurgical procedure and consideration of an 
accompanying cervical pathology should be done 
preoperatively (Fig.  4.5). The symptomatology 
may be vague, and findings attributable to one 
spinal region commonly overshadow the other. 
The clinical picture can be complex and can 

encompass a spectrum of signs and symptoms 
related to either cervical stenosis (myelopathy, 
radiculopathy) or lumbar stenosis (radicular pain, 
neurogenic claudication). In some cases, a triad 
of complex clinical findings is exhibited: inter-
mittent neurogenic claudication, mixed upper 
and lower neuron findings, and complex gait dis-
turbances (pseudo-diabetic proprioceptive gait 
from degeneration of posterior column, proximal 
lower extremity weakness, and flexed posture 
with compensatory neck hyperextension to 
relieve back and leg pain and facilitate straight 
gaze) [22]. If there is an undiagnosed cervical 
pathology in a patient undergoing a lumbar 
decompression, there is a risk of spinal cord or 
nerve root injury during hyperextension for intu-
bation or positioning. It is usually recommended 
to surgically address the clinically more promi-
nent cervical pathology prior to intervening on 
the lumbar spine. However, there have been 
reports of postoperative worsening neurological 
deficits (including cauda equina) from severe 
lumbar stenosis after surgery for cervical decom-
pression in a prolonged supine position [26]. 
Patients should be rigorously questioned on their 
symptoms after specific prolonged positions 
prior to surgery (axial pain, radicular pain, weak-
ness/numbness/tingling, etc.).

�Evaluation for Intrinsic Cervical 
Spinal Cord Pathologies

Intrinsic spinal cord pathology (tumors, vascular 
malformations, cavernomas, syrinx, etc.) is rela-
tively rare and is not typically associated with 
spinal instability. Symptomatology also fre-
quently involves upper motor neuron findings 
and varying degrees of radicular symptoms. 
Depending on the location of the lesion, different 
spinal cord syndromes can be encountered 
(Brown-Séquard, posterior column, anterior 
spinal cord); nonetheless, central cord syndrome 
is more frequently associated with traumatic 
compression and degenerative stenosis of the 
cervical spine. Syringomyelia is defined by a 
cystic collection in the spinal cord close to the 
central canal, which is not lined by ependyma 
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(as opposed to hyromyelia). In fact, it results 
from a dissection of the ependymal lining of the 
central canal and accumulation of CSF within the 
cord itself. It can either be congenital (Arnold-
Chiari malformation, scoliosis, spina bifida) or 
acquired (trauma, tumor, hemorrhage, arachnoid-
itis, meningitis). Clinically, syringomyelia is 
commonly associated with paresthetic pain 
(neck, arms). Because it affects the regional 
decussating thermo-algic fibers close to the cen-
tral canal, it typically results in a cape-like distri-
bution of pain and temperature sensation loss. 
Suspecting syringomyelia prior to patient posi-
tioning should warrant further investigation and 
diagnostic testing if needed [27].
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�Introduction and General Principles

Organizing the operating room is a crucial step in 
any neurosurgical procedure. Conceptualization 
of the operating room design prior to positioning 
and skin incision has tremendous consequences 
on the progression of surgery. Initial misplace-
ments or entanglements can cause delays, physi-
cal and psychological discomfort, or even 
preventable adverse events. The organization of 
the operating room should be viewed as an exten-
sion of the surgical approach. It follows the surgi-
cal principles of order, rhythm, and unrestrained 
view. When applied to the conceptual planning 
and physical arrangement of the operating room, 
these surgical axioms coincide with the seven 
basic principles of interior design [1].

	1.	 Unity: The operating room organization should 
be guided by a sense of harmony and unifor-
mity. It should direct the surgical devices, 
instruments, and the operating team towards 

one common goal that is the patient’s safety 
and the successful outcome of the surgery.

	2.	 Balance: Surgical instruments, tables, and 
devices should be arranged in an ordered fash-
ion to prevent entanglements, obstructions, 
and discomfort. Open spaces should be more 
or less symmetric and balanced around the 
patient to allow freedom of movement for the 
surgeon and the operating room staff.

	3.	 Rhythm: Physical arrangement of the operating 
room should enable a smooth flow of move-
ment for the staff and the surgical equipment. 
For this reason, wheeled devices and articulat-
ing arms are very helpful in creating a dynamic 
space, which can be tailored for each surgical 
approach. Contamination-controlled airflow 
systems are employed to minimize the concen-
tration of airborne pollutant particles and con-
stantly regulate temperature and humidity.

	4.	 Emphasis: The patient is always the focal 
point of the entire room organization. More 
specifically, the pathology as a target of the 
surgical approach should be the geometrical 
focal point from which all other lines are 
drawn and extrapolated. This creates a more 
targeted perspective and reinforces the prin-
ciple of unity in the routine coordination 
between the surgical staff.

	5.	 Contrast: Lighting in surgery is of utmost 
importance and constant contrast should be 
maintained in both the macro- and 
microsurgical stages of the operation. 
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Different instruments and devices are colored 
and tagged to maximize visualization, spatial 
transitions, and easy exchange between the 
operating staff.

	6.	 Scale and proportion: Operating rooms used 
for aneurysm surgery are supposed to be spa-
cious to fit all the modern required technologi-
cal tools. The size of surgical devices and 
instruments usually follows their respective 
functional importance. Choosing specific 
devices for a specific operating room is impor-
tant in dictating space flexibility and 
maneuverability.

	7.	 Details: Never to be undermined, the smallest 
structure in the operating room can have 
crucial effects on the flow of surgery. Specific 
elements should be checked and re-adjusted 
daily by the operating staff to prevent 
unexpected difficulties or complications.

�History of Operating Room 
Organization

Early operating rooms of the enlightenment era 
were designed following the basic plans of ana-
tomical class theaters. The operating room or “the-
ater” had a very simple organization consisting of 
a raised table in the center, surrounded by elevated 
rows of seats to allow students to observe the dif-
ferent steps of surgery. A major modifier was the 
introduction of antisepsis by Lister in 1867, then 
aseptic restrictions and the autoclave by von 
Bergmann in Berlin and the German surgeon 
Gustav Neuber. William Halsted and Charles 
McBurney in the United States further advanced 
these protocols [2]. Asepsis created an insur-
mountable separation between the sterile surgical 
field and the surrounding space. The surgeon’s 
area was confined to a strictly aseptic zone and 
more assistants and equipment were needed for 
anesthesia and instrument handling. During the 
late nineteenth and early twentieth centuries, 
endotracheal intubation techniques and general 
anesthetics evolved through the efforts of 
Trendelenburg, Macewen, Rosenberg, Kuhn, 
Magill, Miller, and Macintosh. These develop-
ments added a large mandatory space for the 
anesthesia staff, machine, and carts. Ventilation 

systems in modern operating theaters were also 
promoted to an efficiency of 80–95% in removing 
airborne particles > or = 5 μm. Laminar airflow 
systems with HEPA filters, which can remove air-
borne particles of 0.3 μm and above with 99.97% 
efficiency have been developed and are widely 
used in neurosurgical and other implant proce-
dures. HEPA filters were commercialized in the 
1950s and they have resulted in significant further 
reduction of surgical site infections [3].

Technological advancements and the intro-
duction of different surgical devices have compli-
cated the organization of the operating room. 
Cushing and Bovie introduced the monopolar 
coagulator. Cushing, who forever changed the 
history of neurosurgery, was known for using a 
headlamp and being surrounded by observing 
students. In 1938, Dandy described clipping of 
an intracranial aneurysm for the first time. 
Different sets of instruments had to be invented 
to serve the purpose of the emerging field of vas-
cular neurosurgery. In the late 1960s, Yasargil 
revolutionized and popularized the microsurgical 
techniques for aneurysm surgery. The introduc-
tion of the microscope to the operating theater 
was a major advancement, which improved the 
outcome of brain aneurysms, including those pre-
viously deemed inoperable. The operating micro-
scope is a large device that provides better 
visualization. Its placement has become a key 
element in any aneurysm surgery. Many micro-
surgical instruments were invented and added to 
the previous inventory of necessary surgical 
tables and trays. Malis introduced the bipolar 
coagulator in the 1950s, which was further popu-
larized by Yasargil. This instrument has increased 
the safety and precision of electrocoagulation, in 
combination with its dissecting capability using 
the recoil mechanism of its forceps. Fluoroscopic 
angiography was merged with the microscope, 
allowing immediate assessment of aneurysm fill-
ing and patency of the normal surrounding vas-
culature. Frameless stereotaxy has also made the 
organization of the operating room more diffi-
cult given its sizeable equipment. Advent of 
innumerable spine hardware and instrumenta-
tion techniques has also significantly influenced 
the way operating room organization and patient 
positioning are performed. Several operating 
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tables were developed to accommodate particular 
nuances for spine surgery, including Jackson 
tables (which can be open or flat), Wilson frames, 
radiolucent head attachments, and retractors. 
Spinal implants require an extremely high degree 
of asepsis to avoid surgical infections. Navigation 
devices now include C-arm X-ray fluoroscopy, 
O-arm tomographic machines and frameless 
stereotaxy, and their placement in the operating 
room should be well prepared prior to sterile 
draping.

Technology continues to fascinate the prog-
ress of neurosurgical techniques and strategies. 
Nowadays, endovascular means can be merged 
with microsurgery in the same hybrid operative 
theater to perform combined endovascular and 
surgical treatments of brain aneurysms and 
arterio-venous malformations. New techniques 
in endoscopic neurosurgery continue to expand 
in spine, skull base, and intraventricular 
pathology. The endoscope brought its own set of 
equipment, devices, and instruments, which must 
be considered in every modern neurosurgical 
operating room. The first robot-assisted surgical 
intervention was performed in 1985, and robotic 
technology has been widely incorporated in the 
disciplines of urology, cardiac surgery, orthope-
dics, general surgery, and gynecology. Robotic 
surgery is believed to provide higher precision, 
three-dimensional orientation, and stability with 
less ergonomic constraints on the surgeon 
through a smaller area of exposure [4, 5]. In neu-
rosurgery, robotics has been gaining grounds 
through the emergence of computer-assisted and 
stereotactic technologies [6, 7]. Robotic micro-
scopes were merged with frameless registration 
technique [8]. Robotic techniques are also gain-
ing popularity in spine surgery including assist-
ing in pedicle screw placement to reduce exposure 
to radiation and increase the accuracy of screw 
placement [9, 10].

�Basic Scheme

Operating room organization is tailored to the 
specific planned neurosurgical procedure and 
required patient’s positioning. Different nuances 

apply to the basic scheme for a craniotomy 
compared to a spinal surgery. In cranial cases, the 
anesthesiologist’s access to the head may be 
more difficult. Close attention should be made to 
implant asepsis in spinal surgeries. In general, the 
patient’s table is placed in the center of the oper-
ating room to maximize head position beneath 
the overhead lights and the central ventilation 
system. Usually, the anesthesia machine with 
attendant respirator and the anesthetic devices are 
close to the center of the room. Although mobile, 
they are kept in most cases in a specific constant 
location for practical reasons. The operating table 
can rotate (90–180°) in relation to the anesthesi-
ologist depending on the side of the pathology 
and the desired surgical approach. Checking the 
correct side of the surgery in the preoperative 
holding, before positioning, at the time of time-
out, and before skin incision cannot be overem-
phasized. The microscope is moved in towards 
the head of the patient and is positioned in a way 
that its articulating arm can be manipulated and 
adjusted by the surgeon. In our facilities, an 
extra eyepiece is placed for teaching purposes. 
The microscope is angled in a way to accommo-
date the comfortable positioning of the assistant 
surgeon (Fig. 5.1).

The electrical unit(s) supplying the monopolar 
and the bipolar coagulators, the drill engine, and 
the suction cannulas can be placed separately, or 
carried by surgical booms, which can rotate in 
conjunction with the operating table. These 
instruments are most commonly placed on the 
side of the patient’s feet, but can be positioned 
elsewhere in the room depending on space avail-
ability. The tables supporting the surgical instru-
ments are often arranged in an L fashion at the 
side of the patient opposite to anesthesia, gener-
ally away from the door for sterility concerns. 
A “Mayo table” carrying the most important 
instrument for each specific stage of the surgery 
is advanced and placed above the patient’s chest 
close to the operative field. Aneurysm clips 
should be laid out in a separate space in an orga-
nized fashion to allow easy access and selection 
when needed. Video monitors should be readily 
available throughout the surgery, mainly during 
the microscopic stage, so that the scrub technician 
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can follow and anticipate the surgical steps. Also, 
monitors provide a feedback to the anesthesiologist 
and the circulating nurse to facilitate communi-
cation between the surgical personnel. There are 
three types of monitors in our institutions: imag-
ing, microscope related, and educational moni-
tors. They can be immediately connected to the 
microscope, carried by articulating arms from the 
ceiling of the room, or attached to the room walls.

When needed, navigation devices are placed 
in a way to optimize both capturing of 3D 
coordinates by the navigation probe and 
visualization of the imaging monitor by the 
surgeon during the procedure. While the 
navigation “camera” is located towards the 
patient’s head, the navigation screen is at the side 
of the feet in line of sight with the surgeon. 
Neurological monitoring devices, when used, 
such as SSEP and EEG are usually placed in the 
widest empty corner of the operating room and 
their cables should be freely connected to the 
patient without obstructions or kinks. 
Intraoperative troubleshooting can thus be easily 
carried out if necessary. The circulating nurse 
usually has a fixed station in a constant corner of 

the room with computer(s) accessing the medical 
chart at all times. Surgical supplies, which are 
immediately needed during surgery (such as 
sutures, cotton materials), are placed in accessible 
cabinets. Their location should be consistent and 
they are frequently checked following inventory 
lists to allow constant availability. A C-arm can 
be called in to perform an intraoperative 
angiogram if the room is not hybrid or already 
equipped with angiographic devices.

�Operating Table and Head Holder

The operating table supports the patient during 
the surgical procedure and lies at the center of the 
room. Many different table systems exist, but the 
common functions should include stability, 
flexibility, and safety. Before positioning, and 
using a simple wheeling system, the operating 
table can be turned to change the patient’s 
orientation in the room, depending on the side of 
the pathology and the desired position. 
Orientation of the operating table should optimize 
the benefit provided by the laminar airflow in 

Fig. 5.1  (a) Basic operating room organization for a cra-
niotomy surgery in our center. The microscope should 
have enough space around the patient’s head. The 
anesthesia equipment is located at the side of the operating 
table and is separated from the surgical field by a sterile 

drape. The instrument tables are organized in an L-shaped 
fashion to allow more room for the scrub nurse and 
assistants. (b) Organization of the operating room for a 
spine procedure, showing the opposing positions of the 
fluoroscopic machine and the microscope
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filtrating airborne particles. The table can be 
adjusted for patient’s positioning in different 
directions (up/down, reflex, Trendelenburg, tilt, 
back up/down, etc.). The operating tables do not 
have any shock-absorbing features. Securing the 
Mayfield head holder and the navigation probe 
should be performed after the table is placed in 
its planned position. Moving the table with such 
instrumentation exposes the head to jiggling 
motion that can dislodge the headrest or 
compromise the accuracy of navigation. The 
patient’s pressure points are padded and all the 
lines and cables should be well inspected and 
secured prior to surgery. In cranial surgery, the 
head should be elevated above the level of the 
right atrium to enhance venous drainage. The 
head holder should be firmly secured and 
inspected and the neck must not be twisted or 
under tension. Cranial and supine approaches can 
be performed in the supine, lateral, and prone 
positions, which will be described separately in 
the following chapters. In spinal procedures, 
positioning should further take into account 
fluoroscopic visualization for both localization 
and hardware placement. Furthermore, limb 
positioning can be sometimes more problematic, 
and care must be taken to avoid iatrogenic 
peripheral neuropathies and plexopathies.

Intraoperatively, the table can still offer some 
degree of movement to maximize the surgeon’s 
visibility and maneuverability. However, during 
the entirety of the procedure the operating table 
should be locked to provide the optimal stability 
and safety to the patient. The cranial three-point 
fixation device attaches the patient’s head to the 
table, and is adjusted based on the angle of the 
surgical approach. Head fixation should also be 
planned in accordance with the general room 
organization. For instance, the navigation tracker, 
which attaches to the head holder, should not be 
obstructed from the main navigation arm, and 
should not hinder the surgical view after draping. 
A brain retractor can be attached to the head 
holder or directly to the Table. A “Layla bar” can 
also be attached to the operating table to allow 
retraction of soft tissue. The Fukushima retractor 
can be attached to the Mayfield head holder itself. 
Attention must be made to avoid leaning against 

the retractor or moving the table or the microscope 
while the retractors are still applied to the brain. 
Self-retaining retractors were also developed in 
spine surgery (examples include the Mcculloch 
lumbar retractor, the Trimline cervical retractor, 
the Greenberg retractor) and should be considered 
during positioning planning. For instance, in 
minimally invasive spinal surgery, the muscle 
can be retracted using a tube, which is usually 
attached through a flexible arm to the ipsilateral 
side of the bed. Tubular retractors have also been 
developed for brain surgery.

�Operating Microscope

The introduction of the microscope to aneurysm 
surgery has had a great impact on patients’ 
outcome. Given its size and its central position at 
the side of the patient’s head, the organization of 
the operating room in the 1960s had to adapt to 
accommodate this permanent new comer. The 
microscope provides better illumination, 
magnification, and most importantly telescopic 
and stereoscopic vision. Most modern micro-
scopes use a counterweight-balanced system 
with a heavy base and a flexible articulating arm. 
This allows “floating” movements in the three-
dimensional space, in a 360° fashion. The sur-
geon thus can gain a great margin of 
maneuverability that he exploits to move his 
visual and working angles around the pathology 
[11]. A button on the hand switch or a mouth-
piece can initiate these movements. The micro-
scope’s orientation in surgery should then take 
into account these special features and ensure 
their optimal functioning.

The heavy part of the microscope is usually 
pushed forward towards the head of the patient in 
line with the surgical approach. The base of the 
microscope should be at a suitable distance to 
allow free three-dimensional movements of its 
articulating arm (Fig. 5.2a). Modern microscopes 
have monitors on the side to allow scrub techs to 
follow the surgery and the circulating staff to fol-
low the surgical steps. Wall monitors are available 
for observers, including in three-dimensional 
technology, which is extremely useful for the 
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observing medical students, residents, and fellows. 
Besides their learning benefits, these monitors 
facilitate communication between the surgeon, 
the anesthesiologist, the scrub technician, and the 
circulating nurse. Video monitors should be 
accessible to the circulating nurses to adjust for 
light intensity, focus speed, and fluorescence 
imaging. Surgeries can be recorded for future 
analysis or for research purposes (Fig. 5.3).

Many microscopes are equipped with addi-
tional features, which are very helpful in aneu-
rysm surgery. For instance, fluorescent imagery 
can assess the aneurysm obliteration and patency 
of surrounding vessels after clipping of the aneu-
rysm. Some microscopes can also be connected 
to the navigation system and the surgeon can thus 
orient himself around the pathology by immedi-
ately correlating the surgical view to preoperative 
imaging.

Head-mounted loupes and lights are very 
helpful in spinal surgery, mainly for the 
ligamentous and bony stages of the procedure. 
Nonetheless, the microscope remains necessary 
for the parts of surgery where neural elements are 

being manipulated or dissected (spinal and nerve 
root decompression, intradural surgery), or when 
the surgeon needs a tubular stereoscopic vision 
through a small skin incision (minimally invasive 
spine surgery, microdiscectomy). The microscope 
positioning should take into account the lead and 
assistant surgeons’ comfort, and the neighboring 
navigation devices (fluoroscopy, frameless 
stereotaxy) and operating tables.

�Surgeon’s Positioning

The primary surgeon’s space within the operative 
field should be unrestricted. A comfortable 
position during surgery is mandatory. Adequate 
freedom of movement is important to adjust the 
surgical working angle. While some surgeons 
prefer to operate in a sitting position, with or 
without an armrest, other surgeons feel more at 
ease standing to accommodate for an assistant 
surgeon. In the latter case, the organization of 
the room and the angulation of the microscope 
are adjusted to provide extra space for the other 

Fig. 5.2  (a) Positioning of the standing lead surgeon, assisting surgeon, and the microscope. (b) This setup allows both 
the surgeon and the assisting surgeon to work simultaneously under the microscope
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surgeon to work comfortably [11, 12]. The foot 
pedals and their communications to the surgical 
instruments are checked prior to the beginning of 
the surgery and the circulating nurse should 
always be available to correct their positions.

In our institution, we prefer the standing posi-
tion using the microscope to accommodate for an 
assistant surgeon. We believe that this positioning 
has a much more effective teaching value in an 
academic setting than alternating the operating 
surgeon role in a sitting position. Face to face 
allows more involved interaction and more hands 
on work by the resident. Residents gain early 
exposure to the microscopic field during their 
junior years and their skills develop in a faster 

fashion. The primary operator side is usually 
reserved for senior residents. Experienced sur-
geons may be on the assistant side, and depend-
ing on the difficulty of the surgical steps, the 
attending and the senior residents can alternate 
roles. However, the assistant role from the oppo-
site side is more difficult because the working 
angle is not immediately in line with the target. 
The reach of suction is also more restricted and 
the angle of the microscope usually creates for a 
height disadvantage. The additional bipolar and 
suction tubing can also create increased entangle-
ments. We were able to deal with these issues in 
our experience by continuously adapting the 
microscope angle for both surgeons (often the 
microscope has to be moved away), by using 
stools and separate trajectories for suction tubing 
and bipolar cables (Fig. 5.2).

�Anesthesia Space

The anesthesia space is constant in the operating 
room and consists of the anesthesia machine, the 
anesthesia cart, electronic monitors, and an auto-
mated blood pressure measuring machine. 
Because the surgeon has to stand on the side of 
the patient’s head during cranial surgery, the anes-
thesia space is usually to the side, and in some 
centers it can be towards the feet. The anesthesi-
ologist should have permanent access to the endo-
tracheal tube. Lumbar and extraventricular drains 
are usually attached to poles close to the anesthe-
siologist. These drains can be opened and closed, 
and their levels adjusted, based on feedback from 
the surgeon. In spinal procedures, including the 
cervical spine, the anesthesiologist is usually 
positioned on the side of the patient’s head. Spinal 
traction may be adjusted from behind the sterile 
drape if necessary (Fig. 5.4).

�Lighting

Lighting during surgery is crucial. Overhead 
light intensity and configuration vary between 
different operating rooms. Overhead lights are 
important during the initial phases of craniotomy 

Fig. 5.3  Well-placed monitors permit the scrub nurse or 
technician to closely follow the microsurgical steps of the 
procedure
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for aneurysm surgery. Position of overhead light 
arms can vary in configuration and intensity from 
operating room to another. Often times, the orga-
nization of the remainder of the operating room, 
including equipment booms, anesthesia gas lines 
and positioning of monitors, doors, sub-sterile 
rooms are derived from the position of the over-
head lighting. Choosing the right operating room 
to perform aneurysm surgery is purpose driven 
and starts by choosing the room with the appro-
priate orientation of its headlights. Articulating 
lighting arms can be used, which are usually flex-
ible and their position can be adjusted throughout 
the surgery using disposable sterile handles. They 
also have a focusing technology to allow concen-
tration of light on the areas of interest of the sur-
gical field. Over headlights should be carefully 
adjusted prior to draping, as their position 
changes with the patient’s orientation, to prevent 
intraoperative discomfort and lack of illumina-
tion. In some instances, headlights can be 
employed which can be easily mounted and con-
nected to portable batteries. The room itself 
should also be well illuminated to allow ease of 

movement for all the operating personnel. 
Following the principle of contrast and emphasis, 
the room’s lights can be dimmed after initializing 
the microscope to maximize the surgeon’s visi-
bility and focus.

�Instrument Tables

The importance of organizing the surgical instru-
ments in their trays and on the table cannot be 
underemphasized. Instruments are arranged in 
specific trays after being autoclaved based on 
their specific functions in different surgical pro-
cedures. Examples include basic craniotomy 
trays, microinstruments, separate anterior cervi-
cal, posterior cervical and lumbar trays with their 
specific retractor systems, etc. All instruments 
should be laid out on two different tables in an 
organized fashion in terms of their function, size, 
and expected chronological use in surgery. A 
“Mayo” table can be advanced to above the 
patient’s chest close to the operating field to 
allow a closer distance to the surgeon and more 

Fig. 5.4  The anesthesia space is on the other side of the sterile field with its full equipment and monitors
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immediate handing of instruments. Instruments 
on this table can be changed depending on the 
different surgical steps and should always be 
organized in a way to predict their use by the sur-
geon for maximal efficiency. Hardware and 
respective tools for spinal instrumentation should 
be opened shortly before their use to minimize 
the risk of contamination. Their trays are most 
commonly provided, organized, and regularly 
checked by the vendor (Fig. 5.5).

Suction tubing and electrocoagulation and 
drill cables should be appropriately connected 
with the least possible entanglements to allow 
freedom and efficiency of movement. It is of 
utmost importance that the suction apparatus is 
working at full desired function during the entire 
surgery, and it should always be checked and 
fixed as necessary by the circulating nurse.

�Basic Surgical Devices: Bovie, Bipolar, 
Suction Cannulas, Drill, and Pedals

The suction cannula, along with the drill system, 
the bipolar and the monopolar electrical genera-
tor (s) are usually placed on the surgical boom 

on the side of the patient’s feet. Since the boom 
has an articulating arm, its position in the room 
can be adjusted following the patient’s orienta-
tion. The tubes and the cords are usually plugged 
just after draping, and the instrument function-
ing is checked prior to skin incision. These 
devices should be accessible at all times for the 
circulating nurse to adjust their settings and 
troubleshoot them in cases of malfunction. The 
suction pump can be regulated at different pres-
sure settings following the level of dissection 
being carried out.

The suction is ideally connected to multiple 
cannulas, which can offer immediate alterna-
tives if one cannula stops working. A potent 
larger caliber suction apparatus should immedi-
ately be available in the surgical field to control 
the blood flow and guide the surgeon to the 
bleeding source. The power setting of the elec-
trosurgical units can also be adjusted (monopo-
lar and bipolar coagulation are usually set at 
30–35 in the bony and muscular stages of cra-
nial procedures, and 35–45  in spine cases). 
Bipolar electrocoagulation is usually set at 
lower levels close to critical neurovascular 
structures [10–25].

Fig. 5.5  Basic instrument tray for a craniotomy procedure
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�Airflow Regulation and Prevention 
of Surgical Infections

Airborne particles including dust, skin scales, 
respiratory aerosols, and textile fibers may settle 
on the surgical instruments and wound, and result 
in surgical site infection. The contamination-
controlled airflow system (heating, ventilation, 
air-conditioning system (HVAC)) is devised to 
minimize such morbidity. It reduces the amount 
of air particles through several synergistic mech-
anisms, including air distribution (particle dilu-
tion and airflow movement), room pressurization 
(which creates an infiltration barrier) and filtra-
tion. Optimized ventilation (recommended at 
15–20 exchanges per hour) allows dilution of 
gaseous pollutants and airborne particles and 
microbes [3]. It is recommended that airflow is 
maintained in a laminar pattern, wherein air trav-
els in parallel lines causing the contaminants to 
be constantly and smoothly directed towards the 
exhaust outlets to prevent them from landing on 
the surgical site. High efficiency particulate air 
(HEPA) is a filter that is defined by the United 
States Department of Energy as being capable of 
removing 99.97% of particles that have a size of 
0.3 μm or above. Laminar airflow through HEPA 
filters has significantly reduced the risk of surgi-
cal site infection. Modern devices can be ceiling 
mounted (vertical flow), wall-mounted (horizon-
tal flow), or combined [13, 14].

Patient’s position should maximize the advan-
tage offered by the airflow system to prevent par-
ticle settling on the surgical site. Laminar flow 
should be circulating above the patient and the 
instruments, i.e., the sterile field. As modern neu-
rosurgical procedures (both spinal and cranial) are 
evolving, we are seeing a tremendous increase in 
operating and neurovascular suite traffic. Vendors, 
students, residents, monitoring technicians, nurses, 
and anesthesia staff are all crowding into confined 
areas with ongoing interventions. Optimal traffic 
position should be where the laminar air is leaving 
the sterile fields towards its filtering ducts. This 
position should be assigned and constantly 
checked by the circulating nurse (Fig. 5.6).

Surgical site infections are preventable com-
plications that result in increasing morbidity and 

a considerable economic burden. The world 
health organization developed evidence-based 
global guidelines for the prevention of SSI, which 
were developed by international experts on the 
basis of predetermined research questions and 
associated systematic literature review [15]. 
Topics include preoperative bathing, decoloniza-
tion with mupirocin in patients with known nasal 
carriage of S. aureus, surgical antibiotic prophy-
laxis performed before incision (within 120 min), 
use of alcohol-based and Chlorhexidine solu-
tions antiseptic solutions for surgical site skin 
preparation, nutritional support, preoperative 
oxygenation (80% FI-O2 intraoperatively and 
2–6 h in case of general anesthesia), maintaining 
normothermia (use of warming devices), use of 
protocols for intensive blood glucose control, 
maintaining normovolemia, use of sterile drapes 
and gowns, etc.

Fig. 5.6  The laminar airflow system in the roof of the 
operating room should be just above the operating table. 
The overhead lights are mounted on articulating arms in 
the same area
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�Neuro-Imaging and Neuro-
Navigation Devices

Each operating room should have special monitors 
to display the preoperative imaging studies, such 
as cerebral angiograms, computed tomography, 
and magnetic resonance. Specific angiographic 
or tomographic reconstruction images are 
selected preoperatively and exposed on the moni-
tor for quick intraoperative analysis. These imag-
ing studies should be available for the surgeon 
to review at any time during the procedure. By 
correlating intraoperative findings with preopera-
tive imaging studies, the surgeon can tailor the 
approach and surgical plans.

Neuro-navigation technology allowed the inte-
gration of preoperative images in the three-
dimensional space of the patient’s head. The 
system typically includes an articulating piece 
attached to a tracker and fixed on the head holder. 
The tracker communicates with a receiver or 
“camera” which is mounted on an articulating 
arm connected to a wheeled base. This arm should 
be on the side of and in line with the patient’s 
head, with no obstruction between the two. 

Usually, the head’s space coordinates are registered 
prior to draping and accuracy is checked before 
and after draping. The stealth technology can also 
be connected to the microscope allowing the sur-
geon to focus on a point of interest in the surgical 
field and correlate it to preoperative imaging 
(Fig. 5.7). Surgical cameras can also be mounted 
to create an “augmented reality” when the view is 
merged with preoperative angiographs [16]. This 
is one good example of how much technology 
has complicated the organization of the operat-
ing room in our modern era. The surgeon must 
be cognizant about all the different tools and 
devices and plan their optimal placements prior 
to commencement of the surgery.

�Neuro-Monitoring

Because the patient is anesthetized, a neurologi-
cal exam cannot be obtained to evaluate the 
effects of different surgical steps, such as tempo-
rary or permanent clipping, on the patient’s neu-
rologic function. Many neuro-monitoring 
modalities are now available to provide patient’s 

Fig. 5.7  Placement of the navigation device in a trans-sphenoidal surgery for a pituitary tumor
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physiological feedback. These include but are 
not limited to somatosensory evoked potentials 
(SSEPs), transcranial motor evoked potentials 
(TcMEPs), brainstem auditory evoked potentials 
(BAEPs), and EEG [17]. Changes in electro-
physiological parameters and their reversibility 
were correlated with patient’s neurological 
outcome [18].

An experienced technician places the elec-
trodes on the patient and connects them to a mon-
itor after intubation. During positioning, the 
wires must be free of entanglements and acces-
sible for troubleshooting during the procedure. A 
baseline recording is checked prior and after 
positioning. During surgery, the monitoring tech-
nician should communicate with the surgeon and 
the anesthesiologist with clear audible voice, so 
that plans for troubleshooting or surgical or anes-
thetic readjustments made. The monitoring wires 
are connected to their special monitors, which are 
placed in a relatively distant and spacious area, so 
that the monitoring equipment does not obstruct 
the visual and physical flow of the surgery.

�Intraoperative Angiography, 
Endovascular Suite, and “hybrid OR”

Some modern operating rooms are “hybrid” in 
that they harbor endovascular angiographic tech-
nologies alongside with the standard operating 
room appliances [19, 20]. Nevertheless, an intra-
operative or postoperative angiography can 
always be performed in the operating rooms lack-
ing the hybrid design. Some patients may have 
undergone a cerebral angiography prior to sur-
gery and a vascular access sheath left in place. 
Alternatively, arterial access can still be obtained 
in a sterile fashion in the operating room. A 
wheeled C-arm or O-arm X-ray machine can be 
rolled in the operating room. It can be draped in a 
sterile way; however, other equipment such as the 
microscope and navigation devices should be 
moved to the side. Although it is difficult to 
manipulate the specific angles of X-ray shots, an 
experienced dually trained surgeon can adjust the 
incidence to obtain the most pertinent needed 
X-rays. In our center, the neurovascular suite is in 

proximity to the operating room. Given the avail-
ability of fluorescent angiography, the time and 
effort required moving the microscope and the 
X-ray machine and the imperfections of intraop-
erative images, we prefer to perform a formal 
postoperative angiogram and a DYNA CT scan at 
the angio-suite immediately after the surgery. 
The operating tables are kept open and sterile and 
the anesthesia space ready in case the aneurysm 
has to be re-operated.

The angiogram suite retains its own particu-
larities in relation to positioning and overall room 
organization. The digital subtraction angiogra-
phy unit may employ a one plane or a bi-plane 
C-arms, which movement should be unhindered. 
The flat screens must offer optimal visualization 
for the interventionist, who in turn has to be well 
shielded from the X-ray emission. Because most 
angiograms and endovascular interventions are 
done nowadays through femoral access, the 
patient is always in the supine position. The anes-
thesiologist is usually stationed on the left side of 
the patient and has constant access to the ETT, 
venous and arterial lines, and extraventricular or 
lumbar drains.

Modern techniques in micro neurosurgery and 
endovascular intervention offer the possibility for 
combined treatments of complex cerebrovascular 
disease [19–21]. These include combined bypass 
and endovascular trapping for large complex 
aneurysms, AVM embolization followed by surgi-
cal resection, coil embolization followed by surgi-
cal evacuation of hematoma after aneurysm 
rupture, treatment of complex dural fistulas and 
management of intraoperative complications. 
However, given the time and constraints required 
for patient transportation a new model for a 
“hybrid” operating room has emerged in several 
centers [19, 20]. A neuroangiographic digital sub-
traction angiography (DSA) unit with a ceiling 
mounted C-arm is installed. The C-arm can be 
moved the corner of the operating room to allow 
adequate working space around the cranial oper-
ating field. The operating table can be rotated in 
different positions to allow for easier anesthesia 
induction, angiography, or microsurgical proce-
dure. Ceiling mounted flat screens are located on 
one or two sides of the operating room.
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�Doppler Probes

Besides fluorescent microscopic angiography 
and digital subtraction angiography, Doppler 
probes can be used intraoperatively to check arte-
rial flow in the aneurysm and the surrounding 
vasculature. From a logistic perspective, these 
are usually very easy to mount and operate. When 
needed, a sterile probe is opened and hooked to a 
small Doppler machine, which can be manipu-
lated and adjusted by the circulating nurse. The 
machine can then be turned off and set on standby 
at the side of the table.

�Storage, Supplies, and Trash 
Management

The operating room is equipped with storage cab-
inets where immediate surgical supplies are avail-
able at all time during surgery. These include but 
are not limited to, cotton materials, coagulation 
catalysts (surgicel, thrombin, gelfoam), sutures 
(small diameter threads should be immediately 
accessible especially if a bypass procedure is 
required)… Disposable instruments can be 
quickly replaced from a local stock, and sterile 
trays can be obtained from the central supply. 
Appropriate blood should be prepared in the room 
in case transfusions are required. Diuretic medi-
cations (Furosemide, Mannitol) can be ordered 
and used to help with brain relaxation when 
needed. Case cart system utilizes a perpetual 
inventory that is continuously updated according 
to the surgeon’s utilization patterns. Preferred 
instruments, equipment, and supplies are noted 
for each case type and surgeon. This system has 
significantly helped in reducing costs related to 
operating room supplies.

To prevent retained foreign bodies, the circu-
lating nurse and the scrub technician follow a 
counting protocol for cottonoids, gauze, and nee-
dles. The operating personnel, including the sur-
geon, should be mindful of this protocol to avoid 
unnecessary risks and surgical stoppage time. 
Counts are done before and after usage of the 
supplies and confirmed multiple times.

Sterility is mandatory in neurosurgery. The 
surgical field usually drains to a bag connected to 
a suction cannula to avert pooling of blood and 
resected tissue. The scrub technician and the sur-
geon constantly clear the field of instruments and 
supplies. Instruments are consistently cleaned to 
clear them from contaminating blood and tissue 
and optimize their functions. The circulating 
nurse collects the trash and falling instruments 
and directs them to their proper disposals. 
Attention should always be made to the airflow 
ventilation and filtration system in the operating 
room to avoid obstructing the air ducts and inter-
fering with the laminar flow.

Operating room organization and management 
has tremendous effects on decreasing cost and 
optimizing patient and working personnel satis-
faction. Focus on reducing wasted time should be 
maintained and it can be performed through paral-
lel processing and task distribution, exploiting 
technological devices (e.g., exchangeable operat-
ing room table tops) and continuous standardiza-
tion. Recycling and employing reusable devices 
whenever appropriate coupled with efficiency in 
room cleaning and turnover have resulted in 
significant cost reduction [22, 23].

�Communication and Teamwork

An experienced team of surgeons, anesthesiolo-
gists, nurses, and scrub technicians is necessary to 
optimize the operating room organization and sur-
gical outcome. Experience is gained with practice 
and continued education of the operating person-
nel. A routine must be established from the 
moment the surgery is booked to when the patient 
leaves the room. Checklists and redundant verifi-
cations assure that the smallest details are not 
neglected. Chronological steps are anticipated 
and prepared in an orderly fashion to avoid time 
wasting. Tasks are consistently divided between 
team members to optimize confidence, responsi-
bility, and communication. Supervised students 
and new employees are progressively integrated 
in the team to ensure enough practice and experi-
ence is gained prior to operating independently.

5  Organization of the Operating Room for Neurosurgical Procedures
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Communication is a key element for the suc-
cess of any surgery. The questions, requests, and 
updates should be clearly stated to ensure recip-
rocal understanding. With experience, the oper-
ating staff can communicate faster with body 
language, anticipation of steps, and recollection 
of similar previous scenarios. For this reason, 
monitors are very helpful in providing visualiza-
tion of the microsurgical part of the surgery. 
Professionalism, mutual respect, and a friendly 
behavior are important to avoid unnecessary dis-
putes and passive aggressive reactions. While 
the surgeon occupies a leadership position, he 
should be receptive to warnings, observations, 
and suggestions from his trusted and experi-
enced team members. Organization of the oper-
ating room and healthy teamwork go hand in 
hand to guarantee surgical rhythm, order, and 
proficiency [12].

�Patient Safety and Checklists

Adverse events in surgery can be attributed to 
human error and failures in communication [24]. 
Implementation of checklists is aimed at reducing 
such complications, and thus optimizing patient 
safety. The World Health Organization has devised 
a surgical safety checklist, which can be divided 
into three sections: Sign In (before induction of 
anesthesia), Time Out (before skin incision), and 
Sign Out (before the patient leaves the operating 
room). It targets “critical actions,” which if missed, 
can lead to never events, can be life threatening, or 
actions that are frequently missed but contribute to 
preventable high-risk events. Implementation of 
this checklist was found to result in a significant 
drop of surgery-related morbidity and mortality 
(from 11 to 7% and from 1.5 to 0.8%, respectively). 
Recommendations focus on confirming patient’s 
identity and side of the surgery, reviewing anes-
thesia machine and medication checklists, instru-
ments checklists, allergies, airway evaluation, 
administering prophylactic antibiotic, monitor-
ing sterility, and completion of instrument, 
sponge, and needle counts [25].

In the context of patient positioning and the 
operating room organization, it is mandatory to 
emphasize safety related to fall, electrical, and fire 

hazards. The patient must be well strapped and the 
head holder well secured. The operating room is 
designed to sustain the electrical demands of mul-
tiple devices (surgical tools, anesthesia devices, 
imaging and monitoring equipment, etc.). Surgery 
must be halted and adjustments made when the 
electrical overload alarm goes off. Special atten-
tion must be made to irrigation, which can increase 
the electrical hazards. Fire can be initiated by dif-
ferent sources of ignition (Bovie, microscope 
light) and promoted by flammable materials (oxy-
gen-rich environment in anesthesia, wound prepa-
ration solutions, drapes, etc.). Safety measures do 
not only apply to the patient, but also to the sur-
geon and to the operating personnel. Surgeons are 
advised to wear eye protection shields. Hands-free 
zones are designated for the exchange of needles. 
All operating room personnel are urged to use lead 
X-ray aprons and protective screens. The large 
amount of crossing cords, lines, and wires 
increases the risk of falls, especially when the floor 
is wet from surgical irrigation. Organization of the 
operating room and its different devices should 
consider all these factors among others to maxi-
mize safety [26].

�Conclusion

Maximizing patients and staff safety, minimizing 
risks of adverse events and optimizing the suc-
cessful outcome of surgery begin with proper 
operating room organization. Understanding the 
functioning of different surgical and positioning 
devices, along with their respective spatial orien-
tations, is mandatory. Safety, instruments, and 
counting checklists must be implemented consis-
tently. Effective communication techniques in a 
respectful environment guarantee cooperation 
and continued learning among the surgical and 
anesthesia personnel.
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Overall Positioning Considerations 
for Intracranial Procedures

Adam Arthur

Patients undergoing cranial neurosurgical proce-
dures expect and deserve an expert team that will 
see them safely through one of the most danger-
ous and anxiety provoking days of their lives. 
The team that provides this service and the man-
ner in which it will be done vary greatly from 
institution to institution and from day to day. 
While good results can be obtained under a vari-
ety of different circumstances, there are some 
uniform truths that we may observe.

At one extreme on this spectrum are the cases 
where positioning is not difficult or greatly 
important. When the pathology of interest lies on 
the cranial convexity and is therefore easily sur-
gically accessible, the positioning of the patient 
is straightforward. This is true of most emergent 
cranial procedures. The team generally can 
expect that the bed will not be tilted a great deal, 
and operative times are usually shorter. In these 
cases, patients are generally positioned supine 
and the operating table can be left flat. Simple 
padding of pressure points is sufficient.

On the other extreme, there are cases where the 
pathology is deep and surgical exposure, operat-
ing and closure is expected to take more time and 
effort. Sometimes these cases involve minimally 

invasive approaches to safely allow operating at a 
depth through a smaller opening. On other occa-
sions, these cases require extensive skull base 
approaches or delicate microsurgical work. These 
cases require more planning and positioning 
becomes a significant and critical endeavor.

At greater depths from the skin surface, brain 
retraction becomes an important consideration. 
The surgeon must consider how to facilitate the 
egress of spinal fluid to facilitate operations in 
the subarachnoid space. Brain retraction should 
be minimized or avoided and proper positioning 
often allows gravity to assist in opening a safe 
and adequate surgical corridor. With any turning 
of the neck, the surgical team must avoid com-
pression of the jugular veins and concomitant 
bleeding. Exposure and control of vascular struc-
tures is almost always a consideration for these 
surgeries, multiplying the concerns that must be 
taken into account.

For these cases often the operating table may 
need to be tilted over a greater range of angles 
which makes it more difficult to ensure that pres-
sure is distributed evenly over the surface of the 
patient’s body. Longer cases also increase the 
stress on the operating surgeon, who must con-
sider the biomechanics of positioning themselves 
and their assistants in addition to the patient. The 
dexterity and stamina that is required of surgeons 
for these procedures are certainly significant, but 
hard-won experience and careful planning are 
arguable of greater importance.
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While surgeons usually have some degree of 
control over their own approach to an operation 
and over who might be available to assist, the 
same cannot always be said for all aspects of 
operating room care. Under budgetary pressure, 
hospitals usually cannot provide everything a 
surgeon might want for positioning and operating 
on complex cranial cases. Surgeons rarely have 
complete control over what anesthesia providers 
will present. Busy operating rooms are increas-
ingly staffed by an array of different profession-
als, with differing amounts of training and 
experience. Nowadays many surgeons do not 
know who will arrive to provide anesthesia for a 
given patient. Even when the surgeon can choose 
their anesthesia personnel for the start of a case, 
these personnel often change several times dur-
ing a single craniotomy.

Under these circumstances, the responsibility 
for patient positioning and for any complications 

related to positioning is not always clearly delin-
eated. In a busy operative environment, anesthesia 
providers may not always examine patients care-
fully during the postoperative period. Pressure 
ulcers and other complications are not often 
immediately apparent in the operating or recovery 
rooms. If a positioning-related complication does 
occur, who is responsible for discussing this with 
the patient and their family? Who is responsible 
for ensuring that the patient understands what has 
occurred and that they receive the best treatment 
for it? While it is beyond the scope of this work to 
mandate specific policies in these areas, they are 
certainly due careful consideration.

The following chapters review cranial neuro-
surgical positioning considerations and provide 
specific guidance and illustrations. It is hoped 
that this material is of use to doctors, nurses, 
technologists, and others who seek to perform 
safe cranial neurosurgical procedures.

A. Arthur
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Intracranial Procedures 
in the Supine, Semi-Sitting, 
and Sitting Positions

Jaafar Basma, Vincent Nguyen, 
and Jeffrey Sorenson

�Introduction

Surgical positioning is the first decisive step of 
any neurosurgical procedure. When done well, it 
can create a direct angle of approach, maximize 
the surgical view and obviate brain retraction. 
Indifference sets the stage for unnecessary strug-
gle and danger from position-related complica-
tions and adverse effects on surgeon ergonomics. 
The supine setting offers the most natural posi-
tion for the human body while also permitting a 
wide variety of cranial approaches. It is ideal for 
avoiding dependency of the globes, pressure on 
the abdomen, and unnatural strain on the neck 
and limbs. Normal cervical range of motion 
allows the head to be rotated, flexed, or extended 
to further optimize the operative angle for each 
approach. The supine position is commonly used 
in anterior and anterolateral approaches such as 
the pterional and its variations, orbital, bifrontal, 

subfrontal, and interhemispheric. It is standard 
for trauma craniotomies as well as transnasal 
and transoral approaches to the sella, anterior 
fossa floor, and clivus. Less commonly, it is 
adapted to other skull base approaches such as 
pretemporal, petrosal, and retrosigmoid. The 
supine position also allows for patient comfort 
and ease of intraoperative communication dur-
ing awake craniotomies. The sitting position, a 
variant of supine, allows for excellent venous 
drainage of the brain, cerebrospinal fluid (CSF) 
drainage, and gravity-assisted retraction of the 
brain. Approaches enhanced by these advan-
tages include the supracerebellar-infratentorial, 
suboccipital, occipital-interhemispheric, and the 
combined occipital supra-infratentorial. The 
brain relaxation achieved through decreased 
venous congestion and improved CSF outflow 
also facilitates opening the parietal and occipital 
sulci [1]. As described by Yasargil, lesions pos-
terior to the interauricular line are well suited to 
attack via the sitting position [1]. These include 
lesions of the fourth ventricle, vermis, foramen 
magnum, pineal region, cerebellopontine angle, 
tentorium, and tectum of the midbrain [1, 2]. In 
this chapter, we will review the fundamental 
aspects of the supine and sitting positions, and 
their variations for common neurosurgical 
approaches.
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�General Setup

�Supine Position

In our institution, we typically place the patient 
supine on a Skytron Jackson table before the 
induction of anesthesia. The table is appropri-
ately cushioned to avoid pressure sores of the 
dorsal-dependent areas of the body. The head is 
elevated above the level of the right atrium of the 
heart to maximize venous drainage and avoid 
unnecessary intracranial venous congestion or 
bleeding. This is usually accomplished through 
head positioning, flexing the upper half of the 
operating table to elevate the back, or tilting the 
whole table (reverse Trendelenburg). For simple 
supine cases, the head may be positioned on a 
loose foam headrest placed directly on the oper-
ating table. To increase working space, the head 
of the operating table can be detached and 
replaced by a secured horseshoe-shaped head-
rest. These simple headrests allow for intraopera-
tive repositioning of the head to alter the surgical 
perspective, but care must be taken not to disrupt 
the sterile drapes or the endotracheal tube. 
Although such headrests are effective in many 
cases, they do not secure the head enough to per-
mit significant table rotation. Rigid fixation and 
additional control of the head can be achieved 
with devices such as the Mayfield three-pin fixa-
tion head holder, which offers excellent stability 
and versatility for delicate cranial procedures and 
frameless stereotaxy. During application, the pins 
are secured with appropriate force away from the 
surgical field on opposite sides of the head, 
perpendicular to the skull to avoid slipping. Thin 
squamosal temporal bone and thin bone over 
aerated sinuses should also be avoided. If the 
scalp is difficult to close, one must consider the 
possibility that a pin has slipped. A radiolucent 
head holder should be used if intraoperative 
magnetic resonance imaging or angiography is 
planned. This type of frame allows the head to be 
precisely rotated, flexed, extended, or tilted to 
facilitate a variety of approaches. Neurological 
complications may arise from extreme, or 
sometimes ordinary neck positions in certain 
patients. In the preoperative area, the patient 

should be asked to move their neck into the 
planned operative position to check for symptoms 
such as neck pain, radiculopathy, or myelopathy. 
If neck mobility is limited or significant rotation 
of the head is desired, then optimal positioning 
may require the use of a shoulder roll or rotation 
of the table. In some cases, neck immobility may 
necessitate conversion to a lateral position.

The upper extremities are usually placed on 
arm boards on the sides of the body with the 
palms facing the thighs (army position). Arm 
boards should form an angle of less than 60–90° 
of abduction from the torso to avoid axillary or 
subclavian vascular injuries and brachial 
plexopathies. The arms should be well padded, 
especially at the cubital tunnel. Excessive 
extension or supination should be avoided to 
prevent ulnar neuropathy. The arms can also be 
tucked-in against the torso with a sheet secured 
under the patient’s body or the bed’s mattress. If 
the ipsilateral shoulder is elevated, then the 
ipsilateral arm should be placed over the body 
towards the opposite side. The legs should be 
slightly flexed with pillows placed under the 
knees to relax the sciatic nerve, with the lateral 
aspect of the knee free of any compression to 
avoid peroneal neuropathy. The legs are elevated 
to prevent venous stasis (table in “reflex” 
positioning, or lawn chair position).

The heels should be padded with foam to miti-
gate against pressure ulcers. We place sequential 
compression devices on the calves for deep 
venous thrombosis prophylaxis. The body of the 
patient is secured with safety straps and silk tape 
to prevent its movement during table tilting. 
These straps should be appropriately padded, and 
under enough tension to resist shifting, but not so 
much that abdominal pressure is elevated or ven-
tilation is restricted. For trans-sphenoidal and 
other skull base cases, the abdomen is prepped 
and exposed to allow for harvesting of a fat graft. 
Venous and arterial lines, sphygmomanometer 
hoses, and the oximeter cable should remain 
accessible to the anesthesiologist for 
troubleshooting.

The navigation captor device is connected to 
the Mayfield head holder after final positioning is 
completed. Minor modifications of the head may 
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be performed without invalidating the registration 
if its relationship with the captor remains 
unchanged. However, we advise rechecking 
accuracy after any changes in head positioning 
are made since inadvertent manipulation can 
move the joints that secure the device, 
necessitating a repeat registration. The captor 
should be positioned within the line of sight of 
the navigation camera, but it should not impair 
access to the surgical field or make contact with 
the surgeon. Frameless stereotaxic navigation 
helps in planning an optimal skin incision and 
may occasionally influence a surgeon to alter the 
head position after registration.

�Sitting Position

First introduced by French surgeon Thierry de 
Martel in 1913 and by Frazier in the USA in 
1928, the sitting position in neurosurgery has 
classically been utilized for approaches to the 
posterior fossa and cervical spine [1]. The 
position capitalizes on gravity-assisted brain 
retraction and improved venous drainage due to 
reduced thoracic outlet pressure for improved 
visualization of the operative field [3]. It was also 
appreciated for easy access to the airway and 
observation of the face during surgery. It has 
fallen out of favor in many centers for its 
association with perceived catastrophic 
complications, most importantly venous air 
embolism.

After induction in the supine position, surgi-
cal, positioning, and anesthetic adjuncts are 
applied to the patient. Compressive garments or 
sleeves can be employed to decrease venous 
pooling in the lower extremities [2]. Precordial 
Doppler, transesophageal echocardiogram, arte-
rial lines for blood pressure measurement, and 
central venous lines for medication administra-
tion and aspiration of air are placed based on the 
preferences of the surgical and anesthesia teams 
[4]. Typically, the Mayfield head holder is more 
easily applied while still supine. The patient is 
gradually transitioned from supine to sitting to 
avoid hemodynamic compromise [5]. Once the 
patient has reached the sitting position, the head 

holder is fastened anteriorly to a Mayfield cross 
bar adapter that is secured to the table [3]. The 
legs are elevated to increase central venous 
pressure and avoid hypotension, with flexion at 
the hips and knees to improve venous return [4, 
6]. Arterial monitoring should be referenced to 
the head level for accurate measurement of 
cerebral perfusion pressures. The patient sits 
essentially upright on the operating table, with 
variations in the final position of the head as 
deemed appropriate for individual cases.

Variations of the sitting position include the 
“praying” or “forward somersault” position 
endorsed by Hernesniemi [2]. Here, the upper 
torso and head are bent forward and downward. 
This allows the surgeon to rest his hands on the 
patient’s shoulders and back to reduce fatigue 
during surgery. This position also improves 
visualization of deeper structures in the posterior 
fossa, as the tentorium reaches a nearly horizontal 
position with about 30° of forward bending of the 
head [2] (Fig. 7.1a, b).

�Complications

�Supine Position

Compared to other positions in neurosurgery, the 
supine position has fewer adverse respiratory and 
hemodynamic effects. Nonetheless, the functional 
residual capacity decreases by about 25–30% 
compared to the upright position; and ventilation 
is more dependent on the abdominal muscles and 
the diaphragm. In elderly, obese, and pregnant 
patients, the closing capacity may exceed the 
functional residual capacity and lead to 
hypoxemia. Increasing PEEP may help solve the 
ventilation/perfusion mismatch, and the lawn 
chair position relaxes the abdominal muscles 
while improving peripheral venous return. Air 
embolism is the most feared cardiopulmonary 
complication of the supine or sitting position, as 
elevation of the head can lead to negative venous 
pressures that promote intake of air through 
venous structures around the brain and within the 
skull. Cardiac Doppler and end tidal CO2 
monitoring facilitate early recognition of this 

7  Intracranial Procedures in the Supine, Semi-Sitting, and Sitting Positions



86

complication. Aspiration of air from a central 
venous catheter in the right atrium, irrigation, 
and lowering the head to eliminate negative 
venous pressure are all potentially life-saving 
measures [7–10].

Neuropathies are among the more common 
complications of the supine position. Injuries 
related to intraoperative compression of the ulnar 
nerve at the medial condyle of the humerus may 
be further exacerbated by ischemia and hypoxia. 
Ideally, the forearm is supinated and slightly 
flexed to minimize stretching the nerve at the 
elbow. Brachial plexus neuropathies are also 
possible. To avoid lower plexus injuries, the arms 
should not be abducted more than 60–90°. 
Excessive traction of the shoulder with tape can 
lead to stretch injuries of the upper plexus. 
External rotation and posterior displacement of 
the arm should also be avoided.

The vertebral arteries must follow the trans-
verse foramina of the cervical vertebrae as they 
are rotated, so extreme rotation of the head can 
cause impairment of flow, intimal dissection, 
thrombosis, or occlusion. The jugular veins may 
also be occluded from extreme neck positioning, 
which can lead to cerebral venous hypertension 

and related complications such as cerebral edema 
and hemorrhage. Patients with underlying 
cervical instability or stenosis are more 
susceptible to neurological injury with extreme 
or inattentive neck positioning [10].

Pressure sores, pressure alopecia, and skin 
breakdown in the areas of the occiput, heels, and 
sacrum are possible after prolonged surgeries. 
Backache is not infrequent and is caused by the 
combination of paraspinal muscle relaxation by 
the anesthetics and reversal of the lumbar lordosis 
due to lying flat, which together lead to increased 
ligamentous tension and pain.

�Sitting Position

The sitting position has been associated with 
serious complications, most importantly venous 
air embolism [11]. With exposure of non-
collapsible cerebral dural venous sinuses, the 
negative venous pressure gradient created by the 
sitting position facilitates atmospheric air entry 
into the head [12]. The lower venous pressures 
provided in the sitting position also make dural 
sinus violations less evident as there may not be 

Fig. 7.1  (a) General setup for a craniotomy in the sitting 
position. Note the head flexion in this case to help bring 
the angle of the tentorium in line with the floor. The edge 
of the bed and the headrest can be used as an armrest to 
minimize surgeon’s fatigue. (b) Artistic rendering of an 

operative photograph showing the location of the 
transverse sinuses and cerebellum. This position allows 
gravity-dependent retraction of the cerebellum, which 
widens the infratentorial corridor during a supracerebellar-
infratentorial approach

J. Basma et al.



87

as much bleeding. Most reported series of venous 
air embolism do not report significant untoward 
consequences, likely because of aggressive 
measures taken both from a surgical and 
anesthetic perspective once changes in adjunct 
modalities to detect air emboli are seen. Bone 
edges are waxed, the surgical field is flooded 
with irrigation, intermittent jugular venous 
compression is applied to improve detection of 
any violated venous structures with subsequent 
repair if possible, and aggressive hemodynamic 
support with fluids and/or vasopressors ensues by 
the neurosurgical and anesthesia teams [6, 12]. 
Ischemic complications have also occurred when 
blood pressure monitors are not referenced to the 
head. A blood pressure cuff on the leg may cause 
the anesthesiologist to severely overestimate 
cerebral perfusion.

Other theoretical disadvantages of the sitting 
position include that of supratentorial tension 
pneumocephalus. Lunsford proposed the 
“inverted pop bottle” analogy—where air bubbles 
rise to the top of a container as CSF and blood 
pour down—to explain how this phenomenon 
can occur, particularly in situations with increased 
CSF drainage through a ventriculostomy [5].

A recent large series of 1792 cases from the 
Mayo Clinic demonstrates a significantly higher 
incidence of complications in intradural 
compared to extradural sitting cervical spine 
cases. Specifically, tension pneumocephalus in 
their series occurred in intradural sitting cervical 
spine and suboccipital craniotomy cases, lending 
credence to Lunsford’s theory. Their series 
demonstrated an overall low complication rate, 
with the highest risk seen in suboccipital 
craniotomy or craniectomy cases. With 
appropriate technological adjuncts, they 
demonstrate the safe modern use of the sitting 
position for attacking various pathologies [3].

Other rare complications have been reported 
with the sitting position. Subdural, epidural, and 
even remote intraparenchymal hematoma 
formation have been reported [1, 3]. Postoperative 
quadriplegia, most likely due to excess neck 
flexion, can be minimized by allowing for 
adequate distance between the chin and neck, and 
by preoperative screening for myelopathy or 

abnormal imaging findings. Macroglossia and 
recurrent laryngeal nerve palsies leading to 
postoperative airway compromise and hypoxia or 
hypercapnia can be minimized by using smaller 
diameter transesophageal echo probes and 
endotracheal tubes, and withdrawing these 
devices to the extent that their tips also serve as 
bite blocks in the final positioning [5]. Peripheral 
neuropathy, most often involving the common 
peroneal or sciatic nerves, is avoided with proper 
padding at the neck of the fibula and avoidance of 
thigh hyperflexion [3, 5].

Contraindications to the sitting position 
include significant atherosclerotic 
cerebrovascular disease, particularly if a patient 
is determined to be symptomatic in the sitting 
position preoperatively [2]. Severe cervical 
stenosis should raise alarm in avoiding excess 
neck flexion—a consideration for both the sitting 
and prone positions. Cardiac pathologies 
involving increased right- to left-sided shunting 
such as a patent foramen ovale, or the presence of 
a patent ventriculoatrial shunt should lead to 
discussing alternative approaches given the risk 
of systemic air embolism.

�Rationale for Approach-Guided 
Positioning: Basic Mechanics 
and Nuances

The ideal neurosurgical approach provides wide 
exposure and requires minimal brain 
manipulation. Following the dictum of Yasargil, 
fissures, sulci, and cisterns can be dissected and 
surrounding bony structures drilled to reach 
deep-seated pathology while sparing normal 
brain tissue [1]. Therefore, the main goal of head 
positioning is to enhance the surgeon’s ability to 
follow these natural operative corridors. The 
following aspects should always be kept in mind 
when positioning the patient: (1) mechanics of 
head and neck rotation, (2) surgical perspectives 
of natural anatomical corridors, (3) gravity-
assisted retraction, and (4) ergonomic working 
angles. We will discuss these factors in general 
and then expand upon nuances of the supine 
position in several common neurosurgical 
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approaches. Note that these factors are tailored to 
each patient, pathology and approach, and their 
modifications are guided by the surgeon’s 
judgment and experience.

�Head, Neck, and Body Mechanics

The supine position includes a wide range of pos-
sible body and head positions and can therefore 
accommodate a variety of cranial approaches.

The head may be in the neutral position—fac-
ing straight up—or it can be rotated in three 
planes. In the supine position, the axial and 
sagittal planes of the head are vertical, while its 
coronal plane is horizontal. (1) In the vertical 
sagittal plane, the head can be flexed or extended. 
Flexion elevates the head and facilitates exposure 
of the posterior parietal and occipital areas during 
the sitting and semi-sitting position. Conversely, 
extension promotes gravity retraction of the 
frontal lobes and improved access to the under 
surface of the brain, which is particularly useful 
in aneurysm and anterior skull base surgery. (2) 
The head can be rotated in its axial plane to match 
a natural operative corridor, or to bring the 
surface of the presumed craniotomy to the highest 
point, which helps maximize the surgeon’s view 
and working space for superficial lesions. 
Contralateral rotation is often helpful for 
temporal, trans-sylvian, orbito-zygomatic, and 
lateral approaches [13]. (3) In the horizontal 
coronal plane, the head can be tilted right or left, 
which may help to level the surface of the 
craniotomy or widen the working space between 
the head and the shoulder. The surgeon should 
keep in mind that neck extension with tilting will 
likely exacerbate any preexisting cervical 
stenosis—central or foraminal.

Body positioning increases the effective range 
of head rotations—relative to the floor—beyond 
what can be safely or comfortably achieved from 
neck movements alone. Shoulder rolls can assist 
with head rotation in the axial plane and provide 
a “semi-lateral” or “oblique” setting when 
necessary, especially if the neck is not sufficiently 
mobile. The body can also be rotated (“airplaned”) 
right or left, allowing further intraoperative head 

rotation. The torso and head can be elevated 
relative to the rest of the body to achieve a semi-
sitting position, thus increasing the effective 
range of head rotation in the sagittal plane 
(Fig. 7.2). Reflex or lawn chair positions augment 
venous drainage and relax the abdominal 
musculature for easier ventilation. Similarly, the 
body can be placed into the reverse Trendelenburg 
position to obtain these advantages, but care must 
be taken to prevent the body from sliding 
inferiorly, which may result in untoward cervical 
traction or pin-related scalp lacerations. 
Therefore, only modest degrees of reverse 
Trendelenburg positioning are typically 
employed. The Trendelenburg position could be 
used to further expose the basal areas of the brain 
through gravity-assisted retraction of the frontal 
lobes, but the concomitant increase in venous 
pressure makes this position unappealing except 
for the case of an intraoperative air embolism.

Body positioning is particularly helpful for 
patients with limited neck mobility due to 
neurological complaints, fusion, or degenerative 
changes. If the neck is completely fused, such as 
in many patients with ankylosing spondylitis, 
then all head rotation must be accomplished via 
body rotation. Even in asymptomatic patients, 
excessive manipulation of the head and neck may 
cause vascular and neurological injuries. The 
vertebral arteries may be compromised by 
extreme ipsilateral rotation or hyperflexion, 
leading to spinal cord or brainstem ischemia. For 
this reason, and especially in patients with 
degenerative or atherosclerotic disease, a couple 
of fingerbreadths should be maintained in the 
thyromental space during neck flexion, and neck 
rotation of more than 45–60° should be avoided.

�Surgical Perspectives to Anatomical 
Corridors

Patient’s positioning is largely dictated by the 
desired surgical approach. Ideally, the surgeon 
should have an unfettered view and working 
channel extending from the skin to a deep-seated 
target, created by opening natural brain corridors 
while avoiding injury to surrounding normal 
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brain tissue. Neurosurgical approaches typically 
provide cone-shaped visual and working spaces 
that are larger on the surface and progressively 
narrow towards their deep apex. The optimal sur-
gical cone is one with a wide base and a short 
neck, providing a wide variety of possible per-
spectives and a short distance to the target [14]. 
This is a particularly important concept in skull 
base surgery that has helped to inspire many of 
its classical approaches such as the petrosal, 
which shortens the distance to the cerebellopon-
tine angle compared to the retrosigmoid 
approach. The fronto-temporal orbito-zygomatic 
approach (FTOZ) also provides a shorter work-
ing distance and wider surgical cone compared 
to a standard pterional craniotomy, but it also 
offers multiple anatomical corridors through 
which a lesion can be attacked. In order to take 
full advantage of this approach, however, the 
patient must be positioned in such a way that 
permits a wide variety of viewing angles—typi-
cally with the malar eminence at the highest 
point [15, 16].

When tackling superficial or lobar intra-axial 
lesions that do not require dissection through a 
fissure or cistern, it is often optimal to rotate the 
skull so that the highest point is closest to the 
lesion. In this case, the craniotomy surface is 
positioned in a plane roughly parallel to the floor, 
and the microscope is facing straight down at the 

lesion. The surgical ergonomics are advanta-
geous as the surgeon’s hands can easily rest on 
the head and a comfortable posture can be main-
tained. This rule does not necessarily apply if the 
lesion is deep-seated or if the approach requires a 
view that aligns with a natural corridor, such as 
the sylvian fissure, the transfacial sinonasal cor-
ridors, subfrontal space, interhemispheric fissure, 
or the pretemporal corridor. In these cases, the 
optimal head rotation must account for the ana-
tomical orientation of these corridors. For 
instance, if a trans-sylvian approach is used, the 
head may be rotated to the contralateral side to 
bring the cisternal plane of the distal fissure into 
a perpendicular direction with the floor and thus 
in line with the microscopic view (Fig. 7.3). Of 
course, in many operations the perspective that is 
optimal for opening a fissure and obtaining initial 
exposure may not be the best perspective for 
attacking the lesion. In these cases, the surgeon 
should consider an “in-between” head placement 
that can be optimized for different phases of the 
operation with modest adjustments of the table or 
microscope. Thus, positioning for a posterior 
communicating artery aneurysm is typically 
different than for an anterior communicating 
artery aneurysm, even though both operations 
may initially gain exposure through a sylvian 
fissure dissection [17].

Fig. 7.2  Setup for a 
semi-sitting position 
during an 
interhemispheric 
approach. Note the head 
elevation and flexion
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�Gravity-Dependent Retraction

Rigid brain retraction can be helpful to open nar-
row surgical corridors to deep brain structures, 
but it may cause contact abrasions, ischemia, and 
cerebral edema. In an effort to avoid 
complications, the surgeon should strive to 
minimize brain retraction using modern 
techniques of neurosurgery, such as cerebrospinal 
fluid drainage, bone drilling, dynamic retraction 
with handheld instruments, and most importantly, 
strategic head positioning [13]. Head positioning 
should exploit “gravity-assisted retraction” by 
placing the dependent brain inferior to the 
surgical corridor so that it falls away [18, 19]. 
Placing the craniotomy at the most superior 
point, as described above, allows for gravity-
dependent retraction, though cerebral edema may 
still result in brain extrusion. In the anterior 
interhemispheric approaches, the head can be 
rotated parallel to the floor, which promotes 
gravity retraction of the frontal lobe to widen the 
operative corridor with minimal or no retraction. 
Gravity retraction is often helpful in the subfrontal 
or pterional approaches, in which the neck is 
extended to permit the frontal lobe to fall away 

from the anterior skull base (Fig. 7.4). In the sit-
ting position, the cerebellum will sag from the 
tentorium, further opening the natural corridor 
for the supracerebellar-infratentorial approach 
[18] (Fig.  7.1b). Blood and cerebrospinal fluid 
are naturally cleared from the surgical field, pro-
viding an optimized view of the pineal region 

Fig. 7.3  (a) Artistic rendering of an operative photo-
graph showing the head positioning for pterional trans-
sylvian approach. Contralateral rotation and placing the 
malar eminence at the highest point of the head, aligns the 
surgeon’s perspective with the sphenoid wing and the 

sylvian fissure (arrow). (b) Gadolinium-enhanced T1 
sequence magnetic resonance imaging in the coronal view 
showing the trans-sylvian corridor to a medial temporal 
lesion inferior to the limen insulae

Fig. 7.4  Head extension allows gravity-assisted retrac-
tion of the frontal lobe and increased exposure of the cir-
cle of Willis
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with good brain relaxation [20]. Gravity retrac-
tion has been shown to decrease blood loss, post-
operative cerebral edema, and operative duration 
[18]. Therefore, head positioning should promote 
gravity retraction if possible.

�Ergonomic Working Angles

Surgeon comfort is a very important factor to con-
sider in choosing the optimal patient positioning. 
Whether sitting or standing, the shoulders should 
be relaxed, and the arms resting comfortably. The 
surgeon’s spine should be as neutral as possible. A 
suboptimal working angle into the operative cor-
ridor may result in increased brain manipulation 
and operative time. Moreover, an uncomfortable 
posture may discourage the surgeon from taking 
the necessary time to perform a meticulous dis-
section. If an assistant surgeon is involved, then 
the head position and orientation of the micro-
scope should account for the comfort of both sur-
geons, which may be different from the optimal 
position for a single surgeon. For instance, in the 
pterional approach, instead of directing the micro-
scopic visual angle in line with the sylvian fissure, 
as is the case for a single surgeon in the sitting 
position, the eyepieces are perpendicular to the 
fissure when two surgeons are standing across 
from each other.

�The Pterional Approach (Yasargil)

The pterional approach was devised by Yasargil 
to exploit the natural dissection planes of the 
sylvian fissure, the sphenoid wing, and the orbital 
roof. The approach is centered on the pterion, 
which overlies the sylvian fissure and the 
sphenoid wing. The surgical corridor between the 
frontal and temporal lobes is expanded by drilling 
the sphenoid wing and opening the proximal 
sylvian fissure to provide access to the deep 
structures in the basal areas of the brain—mainly 
the circle of Willis and the parasellar area [1]. 
This provides a working area shaped like a 
pyramid, with its apex near the anterior clinoid 
process (Fig. 7.3).

The head holder is traditionally attached with 
one pin behind the ipsilateral ear above the 
mastoid and two contralateral pins above the 
superior temporal line to minimize the risk of 
bleeding, fracture of squamosal temporal bone 
and instability. Alternatively, the two pins may 
be placed above or behind the ipsilateral ear 
while the contralateral pin is on the forehead 
lateral to the mid-pupillary line. Proper 
positioning of the head allows the mobilized 
frontal and temporal lobes to drop away from the 
skull base, necessitating less retraction. Yasargil 
advocates turning the head to the opposite side 
about 30° to align the surgical perspective with 
the sylvian fissure and the sphenoid wing, with a 
direct view of the anterior clinoid process and 
suprasellar area. The head is also elevated, and 
extended with the vertex down about 20°, to 
bring the malar eminence to the highest point of 
the surgical field. This inclination will bring the 
basal parts of the brain into more direct view and 
allows gravity retraction of the frontal lobe [1]. 
Some surgeons also tilt the head away (lateral 
torsion) to further open the space between the 
head and the shoulder and allow further 
“horizontalization” of the fronto-temporal 
craniotomy.

The preferred head orientation varies between 
surgeons. Rhoton summarized the basic head 
movements in the pterional approach as follows: 
(1) elevation of the head, (2) contralateral rotation, 
(3) neck extension, and (4) lateral neck extension 
(head tilt) [21]. Contralateral rotation (20° by 
Rhoton, 30° by Yasargil) with lateral neck exten-
sion (head tilt) places the sylvian fissure on the 
convexity parallel to the surgeon’s view. Excessive 
rotation makes the temporal lobe fall over the fron-
tal lobe, which can make splitting the sylvian fis-
sure more difficult. Further rotation also deepens 
the proximal part of the sylvian fissure, which has 
a different orientation than its distal segment [21]. 
Spetzler has recommended 60° of head rotation 
for anterior communicating aneurysms 
(ACOMM), 45° for middle cerebral artery (MCA) 
aneurysms, and 20–35° for posterior communicat-
ing (PCOMM) or basilar aneurysms [22] (Fig. 7.5). 
The training and practice of the senior author has 
followed a similar scheme. Although neck exten-
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sion is helpful in a pterional exposure as described 
above, excessive extension may place the orbital 
roof and ridge further into the line of sight, and the 
anterior clinoid process deeper into the surgical 
view. In one cadaveric and clinical study, optimal 
head orientation was measured for various anterior 
circulation aneurysms. The authors concluded that 
proximal aneurysms (ophthalmic, posterior com-
municating) require less extension to keep the 
orbital roof out of the surgical view [17].

We believe that head orientation should be 
individualized for each patient and pathology, as 
should bone drilling and cerebrospinal fluid 
diversion. Three-dimensional angiographic 
reconstructions can be helpful in assessing the 
geometry of aneurysms and their associated 
vessels. Often, the vascular anatomy is rotated or 
otherwise altered from normal. This information 
is often useful in planning an approach and head 
position that provides the best surgical view and 
angle of attack.

�Fronto-Temporal Orbito-Zygomatic 
Approach (FTOZ) and Supraorbital 
Modification

The FTOZ approach is an extension of the pteri-
onal craniotomy to include the orbital roof, 
superolateral orbital rim, and the zygomatic 

prominence. This creates a significant increase in 
surgical exposure, adding excellent pretemporal 
and subtemporal corridors while enlarging the 
subfrontal corridor. This approach is particularly 
helpful for lesions located at the orbital apex, 
parasellar region and cavernous sinus, 
interpeduncular fossa and basilar tip, and anterior 
and middle fossa floor (Fig.  7.5b). The malar 
eminence is typically positioned at the most 
superior point in the surgical field to allow 
relatively straightforward access to all of the 
surgical corridors that this versatile approach 
provides. To achieve this position, the head is 
rotated 30–60° to the contralateral side and the 
neck is slightly extended [15, 16]. A modified 
supraorbital orbito-zygomatic approach, or 
orbito-pterional approach has also been described 
[23]. Head positioning and rationale are typically 
the same as in the FTOZ approach, but only the 
orbital roof and ridge are removed.

�Lateral Supraorbital and “Eye-Brow 
Incision” Approaches

The lateral supraorbital approach was described 
and widely used by Hernesniemi as a simple, less 
invasive, and faster alternative to the pterional 
approach [24]. It uses a more anterior, subfrontal 
corridor compared to the pterional approach. In a 

Fig. 7.5  (a) Increased head rotation with a lateral per-
spective to the sylvian fissure shows the branches of the 
middle cerebral artery well, but not the proximal circle of 
Willis. (b) The circle of Willis (including the posterior 

communicating artery and the basilar apex) is seen 
through the proximal sylvian fissure from an anterolateral 
perspective, with less head rotation
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supine position, the head is elevated above the 
heart, rotated 15–45° to the opposite side and 
slightly tilted. As opposed to the “eye-brow 
incision” the skin is opened behind the hairline, 
but with a smaller and more anterior and frontal 
incision than with the pterional approach. The 
craniotomy flap is also smaller and more frontal 
than the pterional flap, but can be used for anterior 
fossa tumors, sella and anterior circulation 
aneurysms.

The supraorbital keyhole approach through an 
eye-brow incision was described as a minimally 
invasive (“Keyhole”) substitute to the subfrontal 
and pterional approaches for addressing certain 
well-confined pathologies [25]. It employs a 
subfrontal corridor and is best suited for smaller 
straightforward midline lesions. Examples 
include anterior skull base meningiomas, 
craniopharyngiomas, and even anterior 
circulation aneurysms. The incision can be 
supraciliary, transciliary, or transpalpebral, and it 
is important to place it lateral to the supraorbital 
nerve to avoid its injury. The head is fixed in a 
three-pin holder with the two pins placed 
posteriorly on the ipsilateral side and the one pin 
on the contralateral frontal bone. Given the small 
corridor used in this approach, head positioning 
is crucial in accessing skull base lesions. The 
head is slightly extended to about 15–20°, 
allowing gravity retraction of the frontal lobe, 
and rotated about 15–45° to the contralateral 
side. Additional rotation is typically needed for 
midline lesions, such as olfactory groove 
meningiomas. It has been recommended to use 
10–15° of rotation for suprasellar and medial 
temporal lobe lesions, 30° for planum sphenoidale 
pathologies, and 45° for the cribriform plate [26]. 
The bed can be further rotated for intraoperative 
adjustments as needed.

�Pretemporal Approach

First described by Dolenc, the pretemporal 
approach combines the exposure provided by the 
pterional approach with that of the temporopolar 
and subtemporal approaches [27]. Extending the 
craniotomy to the temporal side facilitates 

extradural mobilization of the temporal pole and 
exposes the middle fossa floor from an 
anterolateral perspective. While most middle 
fossa approaches are approached in a lateral 
position, the pretemporal approach offers access 
to the Kawase rhombus in a supine position [28]. 
The pretemporal approach is particularly 
beneficial for access to the cavernous sinus and 
parasellar area, basilar artery and interpeduncular 
fossa, anterior tentorial incisura, Meckel’s cave, 
petrous apex and orbito-sphenoid regions [29, 
30]. Removing the anterior and posterior clinoid 
and opening the cavernous sinus, dividing the 
tentorial incisura, drilling Kawase’s space, and 
mobilizing the temporal pole significantly 
enlarges the deep working area to the posterior 
fossa when accessed from the supratentorial 
space. Different degrees of orbito-zygomatic 
osteotomies can be performed to increase the 
superficial exposure. Head positioning is similar 
to that of a traditional pterional approach with 
elevation of the head, contralateral rotation of the 
head of 20–30° (Fig. 7.5), neck extension (which 
can be increased to 30° for basilar aneurysms) 
and lateral extension of the neck. The sphenoid 
ridge and the sylvian fissure remain at the center 
of the approach. After the sylvian fissure is split 
through a traditional pterional perspective, the 
table can then be adjusted to gain more 
pretemporal and subtemporal access.

�Temporal and Subtemporal 
Approaches

The temporal approach is oriented more posteri-
orly and inferiorly than the pterional approach. It is 
designed to access the temporal lobe, particularly 
for tumors or anterior temporal lobectomy for epi-
lepsy. The patient is placed supine with a shoulder 
roll placed ipsilaterally to help with head rotation. 
The head is extended and rotated about 45° to the 
opposite side. Two pins are placed at the level of 
the inion and the contralateral pin at the frontal 
bone anteriorly. Head positioning places the tem-
poral lobe in an almost horizontal plane and tilting 
the head downwards allows the temporal pole to 
fall away from the greater sphenoid wing [21].
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The subtemporal approach uses the intradu-
ral corridor under the temporal lobe to access 
the tentorial incisura, the crural and ambient cis-
terns, parasellar area, and the basilar and poste-
rior cerebral arteries. This approach is typically 
performed through a lateral position, but a 
supine position with a shoulder roll may be used 
if the neck has sufficient mobility. The head is 
effectively rotated 90°, but also tilted slightly 
downward below the horizontal plane to opti-
mize the subtemporal surgical corridor and min-
imize retraction. Retraction is a common cause 
of morbidity in this approach as it can easily 
produce cerebral contusions and cortical vein 
injuries [31].

�Parieto-Occipital Approaches

Pathologies of the parieto-occipital region are 
most commonly approached in the prone, lateral, 
or sitting positioning. Occasionally, patients for 
which the prone position would provide the best 
exposure are precluded from this position by 
extreme obesity or difficulties with ventilation 
and oxygenation. In such cases, the supine 
position with a shoulder roll or a supine semi-
sitting position might be used even though it may 
be suboptimal because of the limits of neck range 
of motion. As a basic principle, the cranial 
opening should be as close to perpendicular to 
the surgeon’s line of sight as possible, even if it is 
not positioned at the highest point.

�Midline Approaches

�Bifrontal Craniotomy and Subfrontal 
Approach

The midline subfrontal approach evolved through 
the works of Durante (1885), Frazier (1913), and 
Cushing for the resection of anterior skull base, 
sellar, and suprasellar lesions. The approach can 
also be used for frontal tumors, traumatic and 
non-traumatic hematomas, hypothalamic and 
anterior third ventricular lesions (through the 
lamina terminalis), CSF leak repair, and anterior 

cerebral artery aneurysms [32, 33]. The head is 
slightly extended to about 15° to allow the frontal 
lobe to fall away with gravity and open the 
subfrontal corridor with minimal retraction. 
Depending on the location and extent of the 
pathology, a midline approach with bilateral 
exposure may be chosen with the head kept 
neutral. If a unilateral approach is chosen, the 
head can be turned to the opposite side by about 
20°. For this approach, the Mayfield head pins 
should be placed more posteriorly, with the two 
pins in a vertical position, so they do not encroach 
upon the bicoronal skin incision (Fig. 7.6).

�Anterior Interhemispheric 
Transcallosal Approach

The interhemispheric approach utilizes the surgi-
cal corridor between the cerebral hemispheres 
and the falx. This approach can be used to access 
the medial frontal lobe, the cingulate gyrus, and 
the distal pericallosal branches of the anterior 
cerebral artery [1]. The transcallosal approach 
allows access to the lateral and third ventricles. 
This approach is considered to follow the short-
est distance to the third ventricle and is often 
used for colloid cysts and tumors of the third ven-
tricle. The patient is positioned supine, which 
allows an assistant to participate, or less fre-

Fig. 7.6  Artistic rendering of an operative photograph 
showing the head positioning for a bicoronal approach
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quently three-quarters lateral for a single surgeon 
with the advantage of gravity retraction of the 
dependent frontal lobe. The torso is elevated and 
the head is flexed to bring the vertex into a near 
horizontal plane. Midline approaches, such as 
this, expose the superior sagittal sinus and 
increase the risk of venous sinus injury with 
bleeding and air embolism. If an air embolism is 
suspected, copious irrigation should be used to 
flood the surgical field and any visible openings 
in the sinus should be occluded. The patient 
should be placed in a Trendelenburg position to 
increase venous pressure, and the anesthesiolo-
gist should attempt to aspirate the embolus 
through the central line placed in the right atrium.

�Cranio-Facial Approaches

�Transnasal and Trans-Sphenoidal 
Approaches

First described for the resection of pituitary ade-
nomas by Schloffer, Cushing, and Hirsch, trans-
sphenoidal surgery has evolved to include 
surrounding areas, including the clivus, anterior 
cranial fossa, and suprasellar areas. It can be 
performed either through a sublabial or transnasal 
routes, using either the microscope and/or the 
endoscope. Griffith and Veerapen introduced the 
transnasal approach in the 1980s. It is performed 
in the supine position with the head secured with 
either a three-pin or horseshoe head holder. For a 
right-handed surgeon, the endotracheal tube 
should emerge from the left corner of the mouth 
and the head is tilted about 30° to the left. The 
head is elevated relative to the heart with modest 
reverse Trendelenburg positioning to optimize 
venous drainage and decrease bleeding from 
multiple venous sinuses around the sella. The 
transnasal route to the sella typically forms an 
angle of about 20° with the maxilla. For sellar 
lesions, the head is usually neutral or slightly 
flexed. For infrasellar and clival lesions, 10–15° 
of neck flexion may be beneficial. Slight 
extension may be necessary for suprasellar and 
anterior fossa lesions (10–15°). The head is 
rotated to the right side (towards the surgeon) and 

tilted to the opposite side. This will place the 
patient’s right nostril face to face with the surgeon 
to begin the exposure through the microscope 
[34, 35] (Fig.  7.7). Frameless stereotactic 
navigation of transnasal cases are typically 
performed with a magnetic system at our 
institution since it allows freedom to reposition 
the head. The abdomen is also typically prepped 
for these cases to allow a fat graft to be harvested 
if needed.

Transnasal approaches are increasingly per-
formed with an endoscope, which decouples the 
surgeon’s line of sight from the surgical corridor, 
since the video monitor can be placed in any 
ergonomic position. This relaxes many of the 
constraints discussed above for surgery through a 
microscope. Nonetheless, a supine position with 
the head slightly elevated is still desirable for 
anterior endoscopy [36].

�Transoral Approaches

Transoral approaches are traditionally used to 
address midline craniovertebral junction lesions, 
between the lower clivus and C2 vertebral body 
[37, 38]. These mainly include extradural clival 
chordomas, chondrosarcomas, giant cell tumors, 
and rheumatoid or degenerative pannus. The 
approach provides direct access to the anterior 
cervico-medullary junction using the shortest 
route without requiring brain retraction. 
Important issues are manipulation and retraction 
of the tongue, healing of the soft palate and 
pharyngeal soft tissues, and achieving a 
watertight dural closure for intradural pathologies. 
Gardner-Wells tongs and traction may be 
employed to attempt reduction prior to surgical 
intervention, and traction may be maintained 
during surgery. Jaw opening should be evaluated 
prior to surgery because restricted movement 
may necessitate a more involved median labial 
mandibulo-glossotomy.

The patient is positioned supine with the head 
either stabilized with a Mayfield head holder or 
resting on a doughnut pad. The neck is slightly 
extended to bring the craniovertebral junction in 
line of sight of the surgeon. Oral intubation is 
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typically used and topical steroids are 
administered to prevent tongue swelling. Many 
centers use the Spetzler-Sonntag transoral 
retractor system or the Crockard or Dingman 
mouth retractors. The retractor is fixed and 
secured to the operating table. The endotracheal 
tube is attached at the corner of the mouth to 
avoid excessive tongue compression and 
obstruction of the surgical view. Teeth guards are 
used with the retractor frame for protection. After 
closure, the patient can be turned prone to 
complete the posterior instrumentation and 
fusion if necessary.

Endoscopic approaches have been gradually 
replacing microscopic transoral approaches as 
they have the advantage of decoupling the 
surgeon’s view from the surgical corridor [39]. 
This allows many of the operations that were 
traditionally done transorally to be done 
endoscopically through a transnasal approach 
without requiring splitting the soft palate or 
retracting the tongue, and with fewer constraints 
upon surgical positioning. An angled endoscope 
is often used for the best perspective.

�Infratentorial Approaches

In addition to anterior endoscopic transclival 
approaches, the versatility of the supine position 
also allows lateral and posterior approaches to 
the posterior fossa. The choice of positioning can 
differ widely between surgical centers. Even the 
lateral supracerebellar-infratentorial approach, 
which is classically accomplished in the sitting or 
lateral positions, was described in the supine 
position with gravity-assisted retraction [40].

While we prefer to perform the retrosigmoid 
craniotomy in the lateral position, many surgeons 
feel more comfortable with a supine-oblique 
arrangement (Ojemann) [41]. The patient is 
placed supine with the ipsilateral shoulder 
elevated with a roll. The head is turned to the 
contralateral side as much as possible (more than 
45°) until it is parallel to the floor. This will allow 
the cerebellum to fall away with gravity from the 
cerebellopontine cistern. It is also slightly flexed 
and tilted slightly towards the floor to widen the 
space between the head and the shoulder. Care 
must be taken to avoid excessive tension on the 

Fig. 7.7  (a) Head positioning for a right-sided transnasal 
approach. (b) Gadolinium-enhanced T1 sequence 
magnetic resonance imaging in the sagittal view showing 
a pituitary adenoma extending to the suprasellar space. 
Also shown are the angles of the maxilla and the 

microsurgical transnasal routes to the clivus and 
suprasellar regions. While extension may be needed for 
suprasellar lesions, more flexion is necessary for clival 
targets
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neck, and the head should be elevated above the 
level of the heart. The head holder is secured with 
two pins on the contralateral occipito-mastoid 
area and one pin in the ipsilateral frontal region. 
The shoulder is gently retracted with tape, if 
necessary, to prevent obstruction of the surgical 
view. The surgeon is usually sitting and 
positioned behind the patient’s head with the 
chair at an optimal height so that a surgical 
perspective through the corridor between the 
cerebellum and the posterior petrous bone can be 
achieved. The table can be rotated during surgery 
to adjust the operative angle towards the 
cerebellopontine cistern and brainstem. The 
supine position can be used in this way if the 
patient has sufficient neck mobility; otherwise, a 
lateral position will be necessary. We prefer the 
lateral position in our academic center because it 
allows two standing surgeons to work opposite to 
each other at the same time.

The supine position can also be used for petro-
sal approaches, which entail a mastoidectomy to 
create a presigmoid working channel that can 
provide more direct access to cerebellopontine 
lesions. The degree of bone removal is typically 
tailored to the precise exposure that is needed, 
with the translabyrinthine variant being very 
common for tumors involving the internal audi-
tory canal. The mastoid bone is at the center of 
the surgical field and its surface is typically posi-
tioned parallel to the floor [42]. The same consid-
erations for the retrosigmoid approach apply.

The jugular foramen is usually approached 
through a combined distal cervical postauricular 
transtemporal approach, which is performed in 
the supine position. The head is turned to the 
opposite side, but a shoulder roll is usually not 
necessary. In order to allow adjustments for the 
different steps of this combined approach, the 
head is not fixated with pins. For example, further 
rotation is helpful as dissection is carried out 
towards the mastoid. Care must be taken to avoid 
compressing the contralateral jugular vein, 
especially in glomus jugulare tumors where it is 
dominant. The abdomen should also be exposed 
for a potential fat graft. For a preauricular 
transtemporal infratemporal fossa approach, the 
patient is also placed supine. The head is placed 

in a three-point Mayfield headrest and elevated, 
slightly extended and turned contralateral to the 
pathology [43, 44].

�Asleep-Awake Craniotomies

Asleep-awake craniotomies are not commonly 
used in all neurosurgical centers. They are 
particularly indicated in addressing lesions 
located in or very close to eloquent brain cortex; 
or in epilepsy surgery, where localizing the 
seizure focus may be hindered by general 
anesthesia. Understanding the anatomy of 
eloquent areas is important in planning the 
surgical approach, patient’s positioning and the 
steps of the awake procedure. Because the patient 
will have to communicate with the anesthesiolo-
gist or the neurologist during the awake phase, 
most of these craniotomies are done in a comfort-
able supine position [45–47].

Anesthesia is typically performed in three 
phases: asleep, awake, and sedation stages. 
During the asleep phase, the patient’s airway is 
secured with LMA, and he is anesthetized with 
short-acting agents such as propofol and 
remifentanil. LMA is more suited for awake 
craniotomies to prevent coughing and agitation 
associated with endotracheal extubation at the 
beginning of the awake phase. Requisite local 
anesthetic infiltration of skin, galea, and 
pericranium, prior to pinning the head holder and 
to skin incision is necessary to maximize 
analgesia. Head positioning should allow 
constant access to the airway and to the laryngeal 
mask. The anesthesiologist should be able to 
easily remove the LMA before the awake 
procedure, and even to reinsert it if needed during 
the sedation phase. It should also permit the 
patient to see his examiner during the awake 
phase so that the anomia test can be performed. 
Patient’s neck should be in the most comfortable 
position possible, his joints flexed and relaxed 
and his body well secured to the table. The drapes 
should not cover the patient’s eyes, and adequate 
lighting should be provided under the drapes to 
minimize patient’s anxiety.
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Patient positioning during the awake phase 
can be problematic. The patient’s comfort 
should be optimized, and continuous communi-
cation and reassurance maintained to prevent 
precarious movements. Table movements should 
be made slowly with the patient’s eyes closed to 
avoid worsening of nausea. The patient should 
be continuously assisted with joint movements, 
temperature adjustments, and addressing his 
complaints to minimize any discomfort. 
Patient’s ease is crucial for the smooth progres-
sion of surgery and of the cortical mapping pro-
cedure. Antiepileptic medications should be at 
therapeutic levels because the risk of seizure 
from cortical stimulation is higher in an awake 
patient. Wild movements from seizure activity 
can inflict neck trauma or scalp laceration from 
the head pins [47].

After the awake procedure is completed, 
sedation is necessary to avoid confusion and agi-
tation while the patient is still in the Mayfield 
headrest. If the airway is lost, it is managed with 
correcting any obstructive position, including 
pulling the chin forward, especially in medica-
tion overdose. If endotracheal intubation is nec-
essary, a fiberoptic approach may be employed, 
or the head should be removed from the Mayfield 
head holder for direct visualization. During the 
last phase, the patient should be adequately 
sedated to prevent confusion and agitation while 
avoiding medication overdose and possible loss 
of airway. If sleep doses of propofol are required, 
the LMA should be reinserted for the rest of the 
procedure [45].

�Conclusion

The supine position is extremely versatile, allow-
ing for a wide variety of neurosurgical approaches. 
Although the complexity and potential complica-
tions require additional attention to details, the 
sitting position remains useful for particular 
approaches to the posterior fossa. Optimal posi-
tioning should consider the desired surgical cor-
ridor, the patient’s neck mobility, venous 
drainage, gravity retraction, and the surgeon’s 
comfort. Increasing use of endoscopes and exo-

scopes that decouple the surgeon’s line of sight 
from the surgical corridor will greatly reduce 
positioning constraints imposed by the surgeon’s 
comfort, so that only patient-related factors will 
need to be considered.
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Intracranial Procedures 
in the Lateral Position
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�Part I: Introduction

Neurological surgery is a vocation that requires 
detailed anatomical knowledge, diligent practice 
of technical surgical skill, and an understanding 
of the pathophysiology involved with a patient’s 
disease process. Often overlooked, patient posi-
tioning plays a key role in ensuring the success of 
any operation. In order to facilitate tedious micro-
surgical movements around important neurovas-
cular structures, it is crucial to position the patient 
in a way that optimizes the surgical approach. 
Additionally, we feel that an open line of com-
munication with anesthesia is mandatory at all 
stages of the procedure. Appropriate patient posi-

tioning and multidisciplinary communication 
significantly increases the ability of the surgeon 
to safely perform the desired operation.

The lateral position in intracranial surgery is 
an important one that is used to approach a vari-
ety of lesions throughout the brain. Common sur-
gical approaches that may require lateral 
positioning of the patient involve the middle 
fossa, retrosigmoid, posterior transpetrosal, and 
far lateral approaches. Surgical lesions necessi-
tating these approaches may include—but are not 
limited to—vestibular schwannomas, vascular 
compression syndromes, meningiomas, brain-
stem cavernous malformation, and cerebral aneu-
rysms. In addition, the lateral decubitus position 
can be used in operations involving the supraten-
torial region, such as the occipital transtentorial 
approach. There are many variations to the lateral 
decubitus position (LDP), and multiple modifica-
tions have been described including the park 
bench position, three-quarter prone position, and 
prone oblique position [1]. When preparing for 
such cases, it is important to become familiar 
with proper patient positioning in order to safely 
perform surgery by avoiding undue risk of posi-
tioning complications. Here, the lateral position 
for intracranial neurosurgery and relevant consid-
erations are described.
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�Part II: The Lateral Position 
for Intracranial Neurosurgery

When examining the lateral position for intracra-
nial surgery, it is vital to take into account the 
anatomical characteristics and pathophysiologi-
cal advantages or disadvantages of the patient. 
The patient should be positioned such that the 
operation may be performed in a comfortable 
posture while maximizing visualization of the 
operative field [1]. For example, unnecessary 
elevation in venous perfusion pressure, as well as 
airway pressure, should be avoided in order to 
allow desired brain relaxation [1]. The patient’s 
head position may be adjusted at various angles, 
being careful not to use excessive force on the 
cervical vertebrae according to the patient’s body 
habitus [1]. Furthermore, pressure points where 
the patient’s skin is in contact with the operating 
table, as well as stretch on underlying nerves and 
nerve plexuses, should be taken into account [1].

With the exception of the lateral jackknife or 
flexed lateral positions that are not commonly 
required for cranial surgery, the lateral decubitus 
position does not appear to have a significant effect 
on most organ systems [2]. It is important however 
to understand the physiology of the cardiovascular 
and respiratory system in the lateral position in 
order to optimize the patient during surgery.

The use of general anesthesia alters the nor-
mal compensatory mechanisms of the body by 
depressing the carotid and aortic baroreceptors 
[2]. This becomes an issue when altering body 
position. The lateral position translates the medi-
astinum downward while the heart pivots in the 
same direction. Abrupt changes can obstruct 
venous return and impede cardiac output, leading 
to hypotension and possible cardiac collapse [2]. 
It is feasible that any intra-abdominal or thoracic 
mass may accentuate these risks, and both sur-
geons and anesthesiologists must be aware of 
their patient’s total disease burden to avoid 
unnecessary complications. Additionally, the 
process of positioning should occur in a gentle, 
controlled manner with vital signs checked fre-
quently [2]. When necessary, volume expansion 
as well as vasoactive drugs may be needed to 
increase cardiac output [2].

Concerning the respiratory system, after 
induction of anesthesia, the dependent lung areas 
become atelectatic [2]. While the total area of 
atelectasis remains relatively unchanged when 
the patient is positioned from supine to lateral, 
the total atelectatic area of the downward lung 
increases from 50 to 90% [2]. Positive end expi-
ratory pressure can overcome this change.

Vital capacity appears to be decreased approx-
imately 10% in the lateral decubitus position sec-
ondary to restricted movement of the downward 
ribs and subsequent impairment of the ipsilateral 
diaphragm [2]. Similarly, functional residual 
capacity is reduced in the dependent lung, espe-
cially after anesthesia induction [2]. At the same 
time, blood flow is increased to the downside 
lung [2]. In the awake patient, a shift in the venti-
lation/perfusion ratio occurs, which allows grav-
ity to produce a vertical downward gradient that 
increases ventilation and blood flow, favoring the 
downside lung. In the anesthetized patient, how-
ever, a greater portion of the tidal volume is now 
delivered to the upside lung secondary to a 
decrease in the functional residual capacity and 
compliance of the dependent lung [2]. This leads 
to a mismatch in ventilation/perfusion such that 
the upper lung is well ventilated and poorly per-
fused while the lower lung is well perfused with 
diminished ventilation [2]. This is important to 
keep in mind with patients harboring unilateral 
lung disease because oxygenation occurs most 
consistently with the patient’s unaffected lung in 
the downward position [2].

After a thorough assessment of a patient’s 
medical history, a team approach is required to 
optimize the process of positioning the patient. 
The team includes the surgeon, the anesthesiolo-
gist, nurses, and surgical technicians. When the 
patient is brought into the operating room, they 
should undergo the standard anesthetic prepara-
tion for general endotracheal intubation, as well 
as obtain appropriate venous and arterial access. 
Lubrication is applied to the eyes to avoid cor-
neal abrasion, sequential compression devices 
are applied to the lower extremities to avoid deep 
venous thrombosis, bite blocks are inserted into 
the mouth to avoid tongue injury, and a urinary 
catheter is inserted, if necessary. Subsequently, 
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the attention of the operative team is turned to 
adequate positioning. The lateral decubitus posi-
tion requires assistants for turning and position-
ing after intubation [3].

When appropriate, Mayfield headpins should 
be applied to the patient with pins located in the 
position that allows the long axis of the frame to 
be parallel to the floor. The pins, prepped with 
antibiotic ointment, should be placed in a “sweat-
band” orientation above the orbits and pinna 
according to the manufacturer [4]. They should 
be secured at approximately 60lbs of pressure in 
adults and 30–40lbs of pressure in pediatric 
patients [4, 5]. Care should also be taken to avoid 
the squamosal portion of the temporal bone and 
the frontal sinuses to decrease the risk of fracture 
[4, 5]. Conversely, if headpins are not used dur-
ing the procedure, the patient’s head may be 
placed on towels [6] or a foam headrest in order 
to prevent cervical strain. Simultaneously at this 
time, if nerve monitoring is required, appropriate 
positioning of the leads is performed.

Next, the patient is turned onto the opposite 
side respective to the surgical lesion. In the clas-
sic lateral decubitus (park bench) position, the 
patient’s back is maintained at a 90º angle to the 
surgical table as seen in Fig. 8.1 [2]. The abdo-
men is free, decreasing intracranial venous 
engorgement, which may be seen in the prone 
position [2]. The patient’s inferior leg is bent 

slightly to increase stability, while the superior 
leg is maintained in the straight position [2, 6]. 
An alternative modification to the park bench 
position is the semisupine position. In this posi-
tion, the patient’s thorax is allowed to roll dor-
sally about 40–50, (Fig. 8.2) [2]. Once the patient 
is secured appropriately to the operative table, 
the table can be rotated back and forth to achieve 
similar surgical trajectories as the standard park 
bench position, which may or may not be neces-
sary depending on which area the surgeon is 
operating.

There are several options for maintaining the 
lateral position, including the use of a bean bag 
versus rigid fixation. A beanbag placed under and 
around the patient allows stabilization of the 
patient throughout the procedure by maintaining 
vacuum suction or deflation, (Fig. 8.1) [6]. This 
creates a firm boundary for the patient’s torso [6]. 
A second option is the use of peg board fixation, 
which is the preferred method by the authors, 
(Fig.  8.3). Factors that favor using a peg board 
system are that no suction is required, patient size 
is less of an issue, and patient position changes 
intraoperatively are less likely [3].

Careful attention should be paid to padding 
the skin and bony prominences that come into 
contact with the operating table and fixation 
apparatuses. Pillows should be placed between 
the lower extremities to protect the bony 

Fig. 8.1  The classic 
lateral decubitus (park 
bench) position. Notice 
the patient’s back is 
maintained at a 90º 
angle to the surgical 
table. In this photo, also 
take note of the green 
axillary roll, deflated 
bean bag for maintaining 
the 90º body orientation, 
and three fixation points 
of well-padded Velcro 
straps to secure the 
patient to the operating 
table
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prominences [6]. The lateral aspect of the knee or 
fibular head on the inferior leg should be padded 
with foam to avoid a compressive neuropathy of 
the common peroneal nerve [3, 6]. Additionally, 
an axillary roll should be place underneath the 
axilla of the down-facing, non-operative side in 
order to avoid injury to the brachial plexus [6]. 
Following this, the patient’s legs, mid torso, and 
upper torso should be secured to the operating 
table with Velcro straps and/or tape, ensuring 
that foam padding is placed between the patient’s 

skin and fixation apparatus. At least three points 
of fixation are recommended for maximal sup-
port. Additionally, a fourth strap may be placed 
to ensure maximal fixation. This is an important 
part of our practice and allows for maximal rota-
tion of the patient without the fear of patient 
movement.

Once the patient’s body is secured to the oper-
ating table, the patient’s head—in Mayfield head-
pins—can be fixated to the operating table in its 
final operative position. Again, the subtle differ-

Fig. 8.2  The 
semisupine position. 
Here, the patient’s 
thorax is allowed to roll 
dorsally about 40–50°

Fig. 8.3  The peg board 
is clasped onto the side 
of the operating table 
with a black cushion at 
the patient’s back. Its 
use alleviates the suction 
required for the bean 
bag, easily 
accommodates patients 
of all sizes and 
decreases the likelihood 
of patient position 
changes intraoperatively 
when compared to the 
less rigid bean bag
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ences in head position should be catered toward 
the operation at hand. For example, when per-
forming a microvascular decompression for tri-
geminal neuralgia or accessing ventral brainstem 
lesions, it is often better to angle the head gently 
toward the contralateral shoulder with the vertex 
tilted toward the floor, (Fig.  8.4) [7]. This 
increases the operative view by opening the angle 
between the operative site and the ipsilateral 
shoulder. However, for hemi-facial spasm or 
acoustic neuroma resection, it is often advanta-
geous to keep the patient’s sagittal suture parallel 
to the floor, (Fig.  8.5) [7]. Additionally, gentle 
flexion of the neck opens up the angle between 

the upper chest and the operative site, (Fig. 8.6) 
[7]. The occipital bone surface down to the fora-
men magnum becomes accessible at a shallow 
site, thus aiding execution of the craniotomy [1]. 
Once the head is positioned appropriately, if 
needed, image navigation is registered. The oper-
ation can then begin after sterile draping and a 
time-out procedure is performed.

It is not always necessary to use Mayfield 
headpins in the lateral position. Often at our insti-
tution, a padded, foam headrest or gel roll and 
folded blankets are fashioned to let the headrest 
comfortably during the operation as seen in 
Fig.  8.7. In this position, the headrest is taped 
into place to reduce movement of the head during 
the operation. One potential drawback that should 
be kept in mind when using this method is the 
decreased ability to fully airplane or rotate the 
bed, for risk of unwanted head movement.

�Part III: Complications Specific 
to the Lateral Position

There are several well-recognized positioning-
related complications associated with the lateral 
position, namely peripheral neuropathy and pres-
sure ulcers. Other documented complications 
include postoperative visual loss (POVL) and 
acute postoperative sialadenitis. The risk of many 
of these complications is easily minimized with 
proper positioning technique.

Fig. 8.4  A patient suffering from a metastasis ventral to 
the brainstem positioned for a minimally invasive far lat-
eral approach with the head angled gently toward the con-
tralateral shoulder with the vertex tilted toward the floor

Fig. 8.5  A patient in the 
lateral position with 
sagittal suture parallel to 
the floor, often 
advantageous for 
hemi-facial spasm or 
acoustic neuroma 
resection
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One commonly described position-related 
complication is peripheral neuropathy, which can 
be caused by prolonged pressure on a local body 
region. In the lateral position, the most likely 
effected nerves include the brachial plexus, the 
ulnar nerve, and the peroneal nerve. According to 
Jinnah et al., the most commonly reported com-
plication of the lateral decubitus position is neu-
ropraxia from excessive strain on the brachial 
plexus due to intraoperative traction with an inci-
dence of 10–30%. Others have reported an inci-
dence of 7.5% secondary to poor padding during 

the preparation of the lateral decubitus position 
[8]. The brachial plexus can become compressed 
with caudal traction on the downward shoulder 
relative to the healthy side [1]. Although the 
reported incidence of clinical neuropathy is con-
siderable, persistent neurologic deficit is rela-
tively rare [3]. Li et  al. reviewed documented 
complications in the lateral decubitus position for 
arthroscopic shoulder surgery and found neurop-
athy involving one case of contralateral C7–T1 
brachial plexus from unknown cervical ribs, 
three cases of the dorsal digital nerve of the 
thumb related to poor padding, as well as two 
musculocutaneous, two ulnar, and one axillary 
nerve neuropraxia without reported cause. Given 
the relatively superficial location of the ulnar 
nerve as it passes through the cubital tunnel on 
the medial humeral epicondyle, neuropathy may 
be caused by direct contact with the bed or fixat-
ing device [1]. Similarly, the common peroneal 
nerve travels superficially around the fibular 
head, making it liable to compressive injury [1].

Neurosurgical procedures in the lateral posi-
tion can be lengthy at times. This elevates the 
possibility of developing pressure ulcers, if pres-
sure points are not properly padded. Common 
anatomical prominences at risk include the 

Fig. 8.6  A patient 
positioned laterally with 
gentle flexion of the 
neck in order to open up 
the angle between the 
upper chest and the 
operative site

Fig. 8.7  A patient resting comfortably on a taped, pad-
ded, foam headrest, and folded blankets in preparation for 
a long operation
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greater trochanter of the femur and iliac crest 
[9]. Naruse et al. described an obstetric case in 
which a pressure ulcer developed on the intertro-
chanteric part of the right femur after suspended 
in the right lateral decubitus position for approx-
imately 20 h [9]. Furuno et al. described devel-
opment of stage I and II ulcers in the axilla (22 
patients) and lateral thoracic region (12 patients) 
in a retrospective review of 71 patients with cer-
ebellopontine angle lesions who had surgeries in 
the lateral position. Pressure ulcers located in the 
axilla and lateral chest may lead to postoperative 
pain and dyspnea [1]. The factors that were asso-
ciated with ulcer development were operative 
time (mean duration of 11  h and 54  min) and 
increased body weight [1]. Prolonged tissue 
pressure combined with intraoperative hypoten-
sive anesthesia can also lead to rhabdomyolysis 
or muscle necrosis, which may the result in renal 
failure [1, 9, 10].

As recommended, bony prominences are pro-
tected with foam pads. However, this is often 
neglected when taping the truncal regions, such 
as in positioning for lateral spine procedures, 
and can lead to skin abrasions [9]. Interestingly, 
Tatsumi et al. evaluated 56 awake volunteers in 
the lateral position with pressure sensors, as well 
as subjective Visual Analogue Scale (VAS) pain 
score analysis since the anesthetized patient is 
unable to communicate whether or not certain 
positions or straps are painful. The average tape 
pressure that was uncomfortable but tolerable 
was 9.2 lbs with a standard deviation of 1.2 [9]. 
While there is no formalized routine way to eval-
uate tape or strap pressure, proper padding 
underneath straps or tape with firm but not exces-
sive tension is desired. Low resilience or visco-
elastic foam should be used to pad all pressure 
points in order to diffuse pressure [1]. Another 
tactic for dispersing pressure in the upper torso 
and axilla is to rotate the trunk forward slightly. 
This was seen to reduce pressure in the axillary 
region by 59% [1].

In addition to adequate protection of anatomi-
cal pressure points, head fixation in the lateral 
position requires close attention. As indicated 
previously, it is important to have adequate 
venous drainage for improved brain relaxation, 

as well as for reduced bleeding, especially when 
working in the area of the posterior fossa [7]. 
Tilting the table in the reverse Trendelenberg 
direction allows for reduced venous engorgement 
in the operative field [6]. This is a maneuver that 
should be performed on every case and adjusted 
accordingly, depending on the degree of brain 
fullness at the time of surgery. Also, rotation and 
flexion or extension of the head may be utilized. 
It is important not to overstress the cervical ver-
tebra in patients with cervical spondylosis to 
avoid creation of serious neurologic deficit [1]. 
Preoperative imaging of the cervical spine may 
alert the clinician of advanced spondylosis. 
Additionally, over-flexion of the neck may 
obstruct the patient’s airway, leading to elevated 
airway pressure. Both impedance of venous 
drainage and airway can make brain relaxation 
difficult [1]. This may lead to unnecessary retrac-
tion, which can cause brain contusion and infarc-
tion [1]. Excessive flexion and rotation can also 
rarely lead to vertebral artery or salivary gland 
obstruction [1, 11, 12]. Furano et al. recommends 
a two-finger breadth space between the mandible 
and clavicle in order to ameliorate this risk [1].

Several studies indicate an association 
between the lateral decubitus position and an 
increase in intraocular pressure (IOP) of the 
dependent eye [13, 14]. Furthermore, head rota-
tion in the lateral position from a high-to-low 
angle directed toward the floor has been impli-
cated to increased IOP in the lower eye, com-
pared with a supine posture [14, 15]. Interestingly, 
the dependent eye in the right lateral decubitus 
position (LDP) was found to be consistently 
higher than the left LDP, likely from a difference 
in blood flow pattern on neck vessels occurring 
from head rotation or neck flexion [14]. Increased 
intraocular pressure is a risk factor for intraoper-
ative complications, such as anterior ischemic 
optic neuropathy, retinal artery occlusion, and 
deterioration of preoperative glaucoma [13, 15, 
16]. While ischemic optic neuropathy is the most 
common cause of POVL, recent studies indicate 
that increase in IOP is not directly related to isch-
emic optic neuropathy [13, 17]. Additional risk 
factors for POVL include male sex, obesity, use 
of the Wilson spinal frame, longer anesthesia 
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duration, greater blood loss, and lower percent-
age of colloid fluid administration [13, 14, 17]. 
Modifiable risk factors pertaining to the LDP in 
cranial surgery include decreasing operative 
time, minimizing blood loss, and adequate 
administration of colloid fluids.

An increase in IOP is thought to be secondary 
to change in body position, which alters the 
geometry of the neck vessels, shift body fluid, 
increase the choroidal vascular volume, and 
change episcleral venous pressure [13–15, 18]. 
Yamada et  al. evaluated the use of sevoflurane 
versus propofol anesthetic in patients whose 
operation was performed in the LPD. While nei-
ther study group experienced POVL or other 
ophthalmic complication, IOP values in the LDP 
increased with sevoflurane but not propofol, 
which suggests an advantage to propofol in 
avoiding this complication during operations per-
formed in the LDP. Lee et al. found that despite 
IOP lowering medications while in the lateral 
position, posture-induced IOP in the dependent 
eye were increased with the head tilted down-
ward 30º when compared with the neutral of 
head-up position. Although this has not been spe-
cifically studied, it is surmised that in the reverse 
Trendelenburg or “head-up” table position, the 
degree of IOP elevation would be decreased 
despite downward head tilt.

Another rare complication of lateral position-
ing is acute swelling of the parotid gland, also 
known as anesthesia mumps or acute postopera-
tive sialadenitis [19]. Anesthesia mumps can be 
unilateral or bilateral, is painless, and generally 
resolves spontaneously over hours to days [19]. 
Postaci et  al. reports a case of a 35-year-old 
female who underwent an operation under gen-
eral anesthesia in the LDP. Her head was main-
tained in a semisoft bandage head ring throughout 
the procedure. Following emergence from gen-
eral anesthesia, it was noticed that she had devel-
oped swelling in the pre- and postauricular region 
extending to the angle of her mandible [19]. A 
portable ultrasound revealed parotid duct dilata-
tion on the effected side, which disappeared 24 h 
postoperatively with administration of steroids 
and nonsteroidal anti-inflammatory drugs [19]. 
The authors attributed this case to compression 

and obstruction of Stenon’s duct secondary to 
patient positioning [19]. Other causes are hypoth-
esized to be related to systemic dehydration, 
drugs (such as atropine, succinylcholine, and 
morphine), retrograde airflow through Stenon’s 
orifice during straining or coughing under anes-
thesia, and retention of secretions occluding the 
salivary ducts [19, 20]. These rare complications 
are likely to be minimized by using headpins 
instead of direct contact with a headrest for long 
neurosurgical procedures.

Many patients in the neurosurgical population 
have intracranial lesions secondary to metastatic 
disease. One unique problem that may occur in 
the lateral position is ipsilateral brain and tho-
racic lesions. In this situation, there is an 
increased risk of pulmonary or vascular compro-
mise. Interestingly during a surgery, the patient 
can tolerate the lateral position well, and then 
have an intrathoracic mass either occlude the air-
way or compress a great vessel after rotating the 
table. For example, Fig. 8.8 depicts a patient with 
ipsilateral lesions in the right lung and right tem-
poroparietal lobe. During this case, the thoracic 
tumor resulted in compression of the vena cava 
and the patient required 7 units of blood replace-
ment during the course of the tumor removal. 
The importance of determining whether the 
patient can withstand the anticipated operative 
position is vital. Figure  8.9 illustrates a patient 
suffering from both an ipsilateral lung tumor 
with cortical metastasis. This patient noted that 
they could not sleep with their left side down. In 
fact, the patient slept best with their head elevated 
30°. Given this information, we positioned the 
table accordingly with a slight turn of the head to 
the left and the operation proceeded without 
issue. The bottom line is that all patients with 
preexisting ipsilateral pathology need to be 
assessed for potential complications remote to 
the surgical site and surgeons should be aware of 
these prior to the operation.

There have been case reports of unusual com-
plications associated with the LDP.  However, 
when investigated, the patients involved had an 
underlying anatomical or genetic variant that 
contributed to the complication. For example, 
one case of hypotension arose in a patient in the 
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right LDP who had an abnormally narrow infe-
rior vena cava [21]. Another case describes post-
operative foot drop occurring contralateral to the 
lateral decubitus position in a patient diagnosed 
with hereditary neuropathy [22].

�Part IV: Conclusion

Proper positioning of the patient enhances visual-
ization of the surgical field and facilitates a suc-
cessful operation. Becoming aware of potential 
adverse events associated with poor positioning 
and developing strategies to avoid them are cru-

cial and necessary for all operating room staff. 
By using a team of well-informed and well-
trained neurosurgeons, anesthetists, nurses, and 
technologists, neurosurgical patients can be posi-
tioned such that surgical exposure is maximized 
and complications minimized.
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Intracranial Procedures 
in the Prone Position

Mirza Pojskic and Kenan I. Arnautovic

�Introduction

The ideal positioning of a patient involves bal-
ancing surgical comfort and optimal lesion expo-
sure against the risks related to the patient’s 
position [1]. The prone position is commonly 
used for approaches to the posterior fossa and 
suboccipital regions, for posterior approaches to 
the spine, and for approaches to posterior parietal 
and occipital regions as well as the pineal region. 
Because of the relatively higher complication 
rate of the sitting and semi-sitting positions, spe-
cifically due to venous air embolism, the prone 
position and its modifications (Concorde, arm-
down Concorde, and semi-prone) are becoming 
more important in everyday surgical practice. 
Semi-prone, also known as the three-quarter 
prone or lateral oblique position, is discussed in 
Chap. 7 (Intracranial Procedures in the Lateral 
Position).

�Physiology of the Prone Position

The prone position is logistically a somewhat 
demanding position because of the challenges 
associated with providing adequate oxygenation, 
ensuring adequate ventilation, maintaining 
hemodynamics, and securing intravenous lines 
and the tracheal tube. Access to the patient’s air-
way is poor, and pressure sores, vascular com-
pression, brachial plexus injuries, air embolism, 
blindness, and/or quadriplegia can potentially 
occur [1]. Turning the patient prone from the 
supine position may increase intra-abdominal 
pressure, decrease venous return to the heart, and 
increase systemic and pulmonary vascular resis-
tance. With either the head-up tilt or with the 
patient kneeling with flexed lower legs, venous 
blood pools in the lower part of the body, decreas-
ing venous return and causing hypotension. For 
operations in the prone position, the patient is 
placed in a reverse Trendelenburg position of 
approximately 15º to promote venous drainage. 
Data suggest that the left ventricular ejection 
fraction and cardiac index may decrease, poten-
tially causing hemodynamic instability. 
Oxygenation and oxygen delivery, however, may 
improve with prone positioning because of the 
improved matching of ventilation and perfusion, 
which occurs for three reasons. First, perfusion 
of the entire lungs improves. Secondly, the 
increase in intra-abdominal pressure decreases 
chest wall compliance, which, under positive-
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pressure ventilation, improves ventilation of the 
dependent zones of the lung. Thirdly, previously 
atelectatic dorsal zones of the lungs may open 
[1, 2]. When moving a patient into the prone 
position, an almost universal finding is a decrease 
in cardiac index (CI), up to an average of 24% 
[2, 3]. This was mainly as a result of decreasing 
stroke volume with little change in heart rate. Of 
the three factors involved in cardiac output (pre-
load, afterload, and contractility), it seems likely 
that decreased preload was most to blame—com-
pression of the inferior vena cava (IVC) reducing 
venous return to the heart. When the IVC is 
obstructed, blood uses a collateral return route—
the vertebral wall venous plexuses [3].

The characteristic challenges with prone posi-
tion include disconnection of pulse oximetry, the 
arterial line, and the tracheal tube, leading to 
hypoventilation, desaturation, hemodynamic 
instability, and altered anesthetic depth. To pre-
vent complications from anesthesia, pulse oxim-
etry and the arterial line could be left connected 
during the turn from supine to prone. Monitoring 
invasive blood pressure is especially important 
in patients with heart or lung disease and in 
trauma patients. For uncomplicated elective sur-
geries, when invasive blood pressure monitoring 
is not used, standard ASA monitoring could be 
applied [1, 4].

�Influence of the Prone Position 
on Intracranial Pressure

It has been repeatedly observed that intracranial 
pressure (ICP) is lower in patients with supraten-
torial lesions operated on in the supine position 
than in those with infratentorial lesions operated 
on in the prone position [5].

Space-occupying lesions in the small infraten-
torial compartment induce higher ICP when 
compared with space-occupying lesions in the 
greater supratentorial compartment because the 
volume-pressure curve switches to the left. 
Rasmussen and Cold conducted two studies of 
ICP measurement during surgery with patients in 
the prone position, one regarding patients who 
underwent surgery for infratentorial lesions and 

one of those undergoing surgery for occipital 
lobe lesions. In both studies, ICP and jugular 
bulb pressure were significantly higher in patients 
in the prone position compared to those in the lat-
eral and supine positions. The high levels of ICP 
during intracranial surgery with patients in the 
prone position (average of 18.3 mmHg for occip-
ital lesions and 21.0 for infratentorial lesions) are 
associated with high jugular venous pressure 
(14.3 mmHg for occipital lesions and 12.1 mmHg 
for infratentorial lesions). The prone position 
also increases ICP and decreases cerebral perfu-
sion pressure in patients with subarachnoid hem-
orrhage and acute respiratory distress syndrome 
[6]. Subdural ICP measurement can be used as a 
guide to prevent cerebral swelling after the dura 
is opened. Thresholds at which moderate cerebral 
swelling occurs are identical in supratentorial 
and infratentorial surgery. At an ICP below 
5–7  mmHg, swelling rarely occurs. Above 
13 mmHg, some degree of swelling is likely, and 
at 26  mmHg, pronounced swelling occurs. 
Therefore, when the ICP value reaches 13 mmHg, 
therapeutic measures to reduce it should be initi-
ated [7].

The elevation of abdominal pressure leads to 
elevation of ICP. Transfer of pressure through 
the central venous system or by the cerebrospinal 
fluid (CSF) has been proposed as an explanation 
[8]. For this reason, laparoscopy should be used 
cautiously in patients with a baseline elevated 
ICP or head trauma, as intracranial pressure sig-
nificantly increases with abdominal insufflation 
[9]. Prone position modifications that may reduce 
the ICP are placing the patient on the open frame 
Jackson table or on Wilson frame to allow for 
abdominal excursion along with how much this 
decreases the ICP.

Mechanical ventilation in the prone position 
and the use of positive end-expiratory pressure 
(PEEP) are frequently used techniques that 
improve oxygenation in patients at risk of respi-
ratory failure [10]. Prone positioning can increase 
intracranial pressure (ICP) in patients with 
intracranial pathology by impairing jugular 
venous outflow [11]. PEEP can increase ICP and 
decrease mean arterial pressure, both resulting in 
decreased cerebral perfusion pressure (CPP) [12] 
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by increasing central venous pressure and by 
impeding cerebral venous return to the right 
atrium. Consequently, in acutely brain-injured 
patients, ventilation goals are often in conflict 
with ICP control strategies [13, 14].

Recent study shows that in patients without 
head injury, ICP may increase in prone position, 
whereas the effect due to PEEP of 8 cm H2O is 
negligible. TCD-derived formulae and optic 
nerve sheath diameter (ONSD) ultrasound mea-
surement can be safe and easy techniques to non-
invasively detect ICP, but ONSD seems to have 
the best performance in the detection of changes 
of body position [13].

�The Full Prone Position: Technique 
and General Considerations

For purpose of this chapter, we will show the stan-
dard positioning for patient undergoing Chiari 
Type I Malformation surgery. These steps are 
standardized when performing the surgery of the 
posterior fossa, the pineal region and the occipital 
area. The different angles at which the surgical 
field has been observed is then achieved by 
manipulating the operative table. The first step in 
achieving an optimal prone position is to prepare 
the operating table (Fig. 9.1).

For the prone position, the patient is first 
anesthetized in the supine position on a bed or 
stretcher; the head is secured in a three-pronged 
head holder before the patient is turned prone 
[15] (Fig. 9.2).

A three-pronged head holder (e.g., the 
Mayfield head clamp) is often used to stabilize 
and maintain the head position of a patient during 
intracranial or posterior cervical spine surgeries. 
In adults, 60–80 pounds of force is applied across 
the three-point clamp to provide adequate fixa-
tion. In pediatric patients older than 3  years, a 
force of 30–40 pounds is applied, although for 
children ages 3–10  years, a horseshoe headrest 
can be used as an alternative. Complications 
associated with the use of the head clamp may 
include local puncture-site infection, scalp-vessel 
bleeding, air embolism, shunt-tube damage, epi-
dural hematoma, chin and forehead pressure, 
skin necrosis, slippage of joints to the operating 
table, clamp breakage due to pressure of the 
transversal, and, rarely, depressed skull fracture. 
Twenty-six complications directly related to the 
use of head holders were identified through 19 
papers published from 1981 to 2014: mainly 
skull fractures with or without a dural laceration 
(50%), epidural hematomas (23.8%), skull frac-
tures with or without a dural laceration (50%), 
and air embolism (9.5%) [16]. To prevent these 

Fig. 9.1  Table setting for surgery in prone position. We 
use a standard sliding operating table. Note the previously 
prepared chest rolls, kneepads, padded footboard for the 
feet as well as pillows for elevation of the feet. Under the 

mattress is a towel which after the positioning is being 
performed is rolled around the positioned patient and 
secured with clamps
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complications, the surgeon must take special care 
when fixing the head; for the prone position, the 
pins should be positioned two fingerbreadths 
above the external meatus. The pins must be 
placed correctly to avoid the areas of the frontal 
sinus, temporal fossa, major blood vessels, 
nerves, previous bone flaps, bone defect, abnor-
mally thin or disease involved bone. The skull 
clamp must be applied along the centerline of the 
patient’s head with the pins entering the skull 
perpendicularly; the chin and forehead should 
not be in direct contact with the rocker arm 
because of the risk of pressure necrosis [16]. 
Pin positioning is also important to prevent pin 
sliding, skin laceration, and loosening of the head 
(Fig. 9.3).

It is often necessary to disconnect intravenous 
or arterial catheters and the tracheal tube (if in 
position) during body positioning and during 
rotation/movement of the operating table. These 
changes sometimes create a complete “blackout” 
state, when the patient may not be monitored or 
oxygenated. Therefore, pulse oximetry and blood 
pressure should be monitored throughout posi-
tioning whenever possible, and chest tubes 
should not be clamped. The head should be kept 
neutral. All catheters, invasive monitors, and the 
tracheal tube should be carefully secured before 
the patient is turned prone.

In order to move a patient from the supine 
position on a stretcher to the prone position on 
the procedure table, there are few standard steps 

Fig. 9.2  First step in 
positioning the patient is 
to secure the head in a 
three-pronged head 
holder

Fig. 9.3  Position of pins of three-pronged head holder (Mayfield)
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which need to be done [17]. First of all, make 
sure an adequate number of personnel are 
available to accomplish this maneuver safely 
(minimum of four). Anti-embolic or sequential 
compression stockings must be applied before. 
Ensure that the table and the stretcher are of equal 
heights and safely locked in position. Note the 
position of all lines and tubes and place the 
patient’s arms at the sides. To avoid pinching the 
arm between the stretcher and the table or a pos-
sible shoulder dislocation, be sure that the arm 
that will be the down-side arm is secure [17].

To move the patient into the prone position, 
we use a log roll maneuver. The anesthesia pro-
vider coordinates the move and is responsible for 
the patient’s head. Turners turn the patient from 
the stretcher side and receivers receive the patient 
on outstretched arms from the opposite side of 
the table. An additional assistant stands at the 
patient’s feet. Remember to lift, not pull. Lifting 
will avoid shearing, which can result in tissue 
injury [17].

Once the patient has been successfully turned, 
the head will face down in a head support device. 
The core rule of positioning of the head is the 
preservation of the physiological cervical align-
ment. Therefore, hyperflexion or hyperextension 
should be avoided. For Chiari decompression, we 
would slightly perform a slight anteroflexion in 
order to expose the craniovertebral junction 
(Fig.  9.4), lesions of posterior fossa and pineal 
region require even more anteroflexion. Lesions 
of the occipital lobes could be positioned either 
in moderate flexion or extension. Changing the 

position of the table during the procedure 
(Trendelenburg and reverse-Trendelenburg) pro-
vides better view of the surgical field at the given 
moment of surgery.

It is essential to perform the preoperative neck 
evaluation in every patient. Between 17 and 86% 
of patients with rheumatoid arthritis will have 
evidence of cervical spine disease 5 years after 
diagnosis. The main concern is an iatrogenic spi-
nal cord injury during the positioning of the head 
and neck during the intubation phase of the pro-
cedure, as well as when assessing the amount of 
flexion and extension in prone position. To over-
come this, any patient with a spine classed as 
unstable the anesthetist may perform an awake 
fiber-optic intubation in place of the traditional 
intubation [18]. While there are no clinical guide-
lines regarding preoperative imaging of the cer-
vical spine in patients with RA, clinicians must 
be aware of the risk of cervical instability, which 
may be asymptomatic. If performed, radiology 
imaging should include at least flexion-extension 
views of the cervical spine [19]. When placing 
patient prone special care needs to be taken when 
osteoporosis, instability in the cervical spine as 
well as metastatic spine disease are present.

Protecting the eyes is paramount, and appro-
priate lubrication and closure of the eyelids are 
necessary. The eyes are at particular risk for 
compression injuries. Direct pressure on the eyes 
should be avoided by not using a horseshoe-
shaped headrest. The eyes should be gently taped 
shut. The patient’s chin must be free of the table 
and frame.

Fig. 9.4  Head 
positioning for the 
Chiari decompression. 
Note the slight 
anteroflexion. Special 
consideration is being 
taken in preserving the 
physiological cervical 
alignment as well as 
preventing the pressure 
sores of the chin and 
forehead
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Pressure sores (e.g., on eyes, breasts, the 
penis, soft tissue at the joints, ears) are the most 
frequent complications of prone positioning [15]. 
Prone position caries a high risk of eye compres-
sion, venous embolism, increased airway pres-
sure, edema of face, tongue and neck, endotracheal 
tube migration as well as hypotension and 
dysrhythmias.

Special frames (e.g., Wilson, Relton-Hall, 
Andrews), which support the chest but leave the 
abdominal wall and pelvis free, may be used, as 
well as chest rolls. We prefer to use chest rolls in 
form of rolled sheets, as they are less traumatic to 
the breast, especially in female patient, further-
more chest rolls in contrast to frames do not press 
the diaphragm on its entire length and so enable 
the free motion of the abdomen (Fig. 9.5). Free 
movement of the abdominal wall is desirable for 
three reasons: improved excursion of the dia-
phragm and improved oxygenation ventilation, a 
decrease in intra-abdominal pressure and surgical 
bleeding, and improvement of venous return 
from the legs and pelvis [1]. Monitoring intra-
abdominal pressure with an intravesicular trans-
ducer can be considered for high-risk patients or 
high-risk procedures.

The breasts, especially in women, must be 
medially displaced, with no pressure on the nip-
ples. Large breasts are subject to greater direct 
pressure and these can be in exceptional cases 
moved laterally so that the patient’s weight does 
not injure them. In addition, patients with breast 
implants have a theoretical risk of rupture and 

risk of breast necrosis with the direct pressure 
applied in prone position [20, 21]. The groin and 
knees should be appropriately padded, and the 
abdomen kept as free as possible. The femoral 
artery or peripheral leg pulses should be checked 
and recorded as they are an indicator that the 
abdominal aorta and femoral vessels are not 
unduly compressed. The presence of these pulses 
is evidence that the renal arteries are patent, with 
adequate perfusion to the kidneys. The male gen-
italia should be confirmed to be in a downward 
natural position to avoid compression or torsion 
injury. The electrocautery grounding plate must 
not be permitted to touch them.

The arms are positioned at the patient’s side, 
with the palms facing the patient and the thumbs 
down. To prevent nerve compression, appropri-
ate supportive padding should be used under 
bony surfaces where superficial nerves are known 
to travel. The axillas, elbows, and hands are pad-
ded. The shoulders may be taped so that they do 
not drift, and the arterial arm pulse should be 
checked after taping to detect any obstruction of 
blood flow [15]. If abduction is used, great care 
must be exercised to prevent hyperextension of 
the arms, thereby avoiding injury to the brachial 
plexus. Arm abduction, however, impedes the 
position of the surgeon [1] (Fig. 9.6).

Full neck flexion can be reduced with proper 
head and neck support. Body alignment is very 
important and should be confirmed by the surgi-
cal team. The cervical spine should be in align-
ment with the rest of the spine, with no torsion or 

Fig. 9.5  Note the chest 
rolls with medially 
placed breasts. Chest 
rolls stretch from 
acromioclavicular joints 
to iliac crest, allowing 
chest movement and 
decreasing abdominal 
pressure. Be careful that 
the chest roll does not 
extend beyond the iliac 
crest, as this would 
compress the femoral 
nerve and artery [17]
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twisting, and the legs parallel to each other. A foot 
support or other method of stabilization, such as 
a belt apparatus placed strategically, may also be 
necessary to keep the patient from sliding down 
the table. The patient’s feet should be kept off the 
bed surface to prevent pressure sores. Padding 
should be placed under each patella of the knee 
joints. A pillow should be placed under the ankle 
joints to elevate the foot to relieve tension on the 
sciatic nerve and prevent the toes from resting on 
the OR table mattress (Fig. 9.7).

The patient’s face must be carefully checked 
when positioning is completed and the headrest 
and head should stay in the same relative posi-
tions. A chin bar can be used to reduce soft-tissue 
compression, and a bite block prevents tongue 
compression. In addition, oral airways can put 
increased pressure on the tongue, which should 

be taken into consideration. There should be no 
movement of the patient down the table, nor 
should the surgeon reposition the head during 
surgery without specifically checking for pressure 
on the patient’s face. Obese patients may be at 
particular risk because of restricted diaphrag-
matic movement and high intrathoracic pressure 
[22] (Fig. 9.8).

The safety strap should not be placed until 
after the patient has been positioned. If the safety 
strap is placed prior to the positioning, such as 
during movement of the patient on the OR table, 
the safety strap could cause shearing and friction 
injuries.

After positioning of the arms and the legs as 
well as checking the potential pressure sites 
(acromion processes, breasts, iliac crest, male 
genitalia, patellae, and toes) the towel which lies 

Fig. 9.6  Palms are 
turned inwards and 
padded with foam pads

Fig. 9.7  Positioning of 
the legs. Sequential 
compression devices are 
applied to prevent blood 
clot formation in lower 
extremities
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underneath the chest rolls and the kneepads is 
being rolled around the patient and secured with 
clamps. Additional tape is stretched between 
shoulders and the foot pillows, retracting the 
shoulders posteriorly (Figs. 9.9 and 9.10).

�The Concorde Position: Technique 
and General Considerations

The Concorde position is a modification of the 
prone position and is used for occipital, transten-
torial, and supracerebellar infratentorial surgical 
approaches. In this modification, the patient’s 
head is typically skeletally flexed and fixed, but 
may be laterally flexed if needed. The body is 
placed in the reverse-Trendelenburg position and 
chest rolls are placed under the trunk. The 
patient’s arms are tucked alongside the trunk, and 
the knees are flexed [1].

Positions used for pineal surgery include the 
sitting, prone, and semi-prone. In 1983, 
Kobayashi and associates [9] described a modi-
fied prone position, the Concorde position, for 
supracerebellar infratentorial approaches to this 
area. In this modification, the patient is placed 
prone as far to the surgeon’s side of the operating 
table as possible, and the patient’s head is fixed 
in the head frame with the head flexed and ele-
vated higher than the heart. After craniectomy, 
the head is tilted to the right, away from the sur-
geon, and returned to the original position before 
wound closure. While operating from behind the 
patient’s shoulder, the surgeon (right-handed) 
usually works on the left side of the patient (left 
Concorde position), or occasionally on the right 
side when a lesion is located on the left side 
(right Concorde position) [23]. The midline sub-
occipital craniotomy or craniectomy is made 
with the head in a neutral position. The surgeon 
is positioned to the left, right, or rostral side of 

Fig. 9.8  Face position. Chin is not being compressed. 
Eyes are shut with tape with protective padded glasses. 
For procedures with motor evoked potential monitoring 
we include the bite block for the teeth which is not 
included in this slide

Fig. 9.9  Note the 
shoulder taping 
technique
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the patient, who is in the prone position for the 
craniotomy. The microscope is introduced at or 
after the opening of the dura mater, and the sur-
geon stands or sits to the left of the patient look-
ing toward the cerebellum. The neutral head 
position is needed for the craniotomy to divide 
the occipital muscles symmetrically. Then, the 
patient’s head is tilted to the right and the face is 
turned to the right before the microscope is intro-
duced. The surgeon is able to keep the midline 

axis of the patient’s head straight without discom-
fort and surgical manipulation is accurate and 
easy [24] (Fig. 9.11).

When the microscope is introduced after the 
craniotomy with the head neutral, there was for-
merly a need to release the holding arm of the 
head frame and adjust the position. It has also 
been necessary to reverse this adjustment during 
wound closure. To release the holding arm twice 
during the operation has proved troublesome, 

Fig. 9.10  Final 
preoperative position of 
the patient

Fig. 9.11  Concorde 
position. The patient’s 
head is positioned in 
flexion and is elevated 
above the level of the 
heart, while the surgeon 
sits on the left side of 
the patient and 
approaches from behind 
the patient’s left 
shoulder
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and Takasuna and Tanaka developed a modifica-
tion to prevent this problem—the “skew head 
rotation”—in which the head can be tilted simul-
taneously only by rotating the head frame. In this 
maneuver, special care is required to prevent 
excessive rotation so as not to strain the patient’s 
neck. The Sugita head holder, for example, offers 
a range of up to 36° of rotation to both the left 
and right. As the human cervical spine can rotate 
up to about 68°, this modified position is safer 
because the required head rotation is only about 
30º. Nevertheless, there is individuality in the 
rotational range of the cervical spine, and the 
range of the patient’s neck rotation should be 
verified before anesthesia is induced. In addition, 
it is important to confirm that the head is safely 
rotated just before draping [24].

In the Concorde position, however, the 
patient’s shoulder closest to the surgeon occa-
sionally interferes with the visual route and surgi-
cal manipulation. Although the involved shoulder 
is usually taped down from the neck and head, 
this arrangement is occasionally inadequate, 
especially in the case of a muscular patient. To 
prevent this difficulty, Kyoshima developed a 
modified Concorde position [25] (Fig. 9.12). The 
procedure for this position is almost the same as 
for the Concorde position. The patient is placed 
prone and, before the patient’s head is fixed in the 
head frame, the patient’s arm on the surgeon’s 
side is placed to hang down over the head end of 
the operating table, with elbow flexion supported 
by an arm holder. The axilla is carefully padded 
to prevent compression. The patient’s head 
should also be positioned with the chin—not the 
neck—down to enhance the visual route. This 
arm-down Concorde position allows good access 
to the pineal and supracerebellar regions and the 
pons in patients who are muscular, broad-
shouldered, short-necked, or obese.

�Indications

The prone position can be used for both supra- 
and infratentorial surgery. Supratentorial lesions 
are those of the posterior parietal and occipital 
regions, and include intracerebral hematomas, 

metastases, gliomas, abscesses, meningiomas, 
cavernomas, arteriovenous malformations 
(AVMs), convexity meningiomas and meningio-
mas of the posterior third of the falx, falcotento-
rial meningiomas, and tumors of the pineal region. 
The full prone position is particularly useful in 
situations in which a bilateral craniotomy is 
needed (e.g., bilateral occipital falx meningio-
mas). Infratentorial lesions include inferior tento-
rial meningiomas, cerebellar primary tumors and 

Fig. 9.12  Arm-down Concorde position. (a) The 
patient’s left arm is placed hanging down over the head 
end of the operating table, with elbow flexion supported 
by an arm holder. (b) Note that the patient’s left shoulder 
is lower than the right, and thus interferes less with the 
surgeon’s view
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metastases, brainstem tumors, posterior-inferior 
and anterior-inferior cerebellar artery aneurysms, 
Chiari malformations, fusion procedures in the 
craniocervical region, and intracerebellar hemato-
mas [22, 26–28].

�Supratentorial Lesions

The full prone position can be used for supraten-
torial approaches, particularly those utilizing the 
transcallosal route. This includes lesions of the 
posterior parietal and occipital regions, the poste-
rior third of the falx, and the pineal region. The 
steep angle of the tentorium makes it difficult to 
use this approach for infratentorial lesions, and 
the Concorde position has been advocated for 
infratentorial lesions, particularly in the pediatric 
population (Fig. 9.13).

�Infratentorial Lesions

There are four main positions to consider for sur-
gery in the posterior fossa: the prone/Concorde 
position, the lateral decubitus/park-bench position, 
the supine position with rotation of the head, and 
the sitting position. The prone and Concorde posi-
tions are used when a midline approach is neces-
sary, and the patient is lying prone with support for 
the thorax, pelvis, and legs. This support should 
leave the abdomen free. A U-cushion can be placed 
under the thorax, and the head is supported by a 
horseshoe cushion or fixed in the head clamp. The 
clamp allows more freedom to flex the head with 
concomitant better exposure of the lower occiput 
and neck. Such exposure can be exaggerated by 
lifting the upper thorax and shoulders and bending 
and lowering the head to the maximal flexion. In 
such a position, the surgeon may stand on one side 

Fig. 9.13  A 38-year-old female patient with severe head-
aches and bilateral papilledema. Occipital meningioma 
with narrowing of the transversal sinus. (a) preoperative T1 

post-contrast MRI of the brain, sagittal view. (b) axial view. 
(c) coronal view. (d) postoperative T1 post-contrast MRI of 
the brain, sagittal view. (e) axial view. (f) coronal view
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of the body looking down toward the occipital 
region. Therefore, the head can even be angulated 
and tilted a little, according to the surgeon’s 
preference. Especially in Concorde hyperflexion, 
the surgeon may work “upside down,” standing 
and even sitting with the patient’s head in his/her 
lap. The prone position can be also used for the 
far lateral approach. After full exposure, the table 
(with the patient well secured to it) may be turned 
and tilted as far as is necessary [29].

�Lesions of the Cerebellum 
and Brainstem

A midline or a paramedian posterior approach is 
useful for cerebellar, fourth ventricular, and 
brainstem lesions. The most common lesions are 
metastatic brain tumors (Fig. 9.14), followed by 

cerebellar hemorrhages, cerebellar infarctions, 
and AVMs. A paramedian approach is also 
required for aneurysms of the distal posterior-
inferior cerebellar artery.

A midline approach is used for suboccipital 
decompression of Chiari malformations 
(Fig. 9.15), as well as for dorsal foramen mag-
num meningiomas. Brainstem lesions that may 
be approached include cavernomas, small AVMs, 
exophytic brainstem gliomas, fourth ventricle 
cysts, choroid plexus granulomas, subependymal 
astrocytomas, and ependymomas (Fig. 9.16).

Vascular lesions, such as posterior-inferior 
cerebellar artery aneurysms and AVMs involving 
the cerebellar hemispheres and cerebellopontine 
angle, usually present with hemorrhage. Patients 
with increased intracranial pressure and hydro-
cephalus require initial placement of a ventricu-
lostomy. The prone position is more suitable for 

Fig. 9.14  A 62-year-old female patient with dizziness 
and balance problems. Metastatic lung adenocarcinoma. 
(a) preoperative T1-weighted post-contrast MRI of the 
brain, sagittal view. (b) coronal view. (c) axial view. (d) 

postoperative T1 post-contrast MRI of the brain, sagittal 
view. (e) axial view. (f) coronal view. Note the fat tissue 
graft placed along the dura for prevention of the CSF-
related complications

M. Pojskic and K. I. Arnautovic



123

midline lesions while the semi-prone position is 
better for paramedian lesions. These positions 
provide the same exposure as the semi-sitting 
position; in addition, the patient’s table can be 
tilted up or down to decrease venous drainage in 
a controlled fashion. A vertical midline incision 
is made for midline lesions. For paramedian 
lesions, the incision starts in the midline and 
curves below the inion in an inverted U, toward 
the mastoid process [30].

AVMs of the vermis and cerebellar tonsils are 
best handled through a midline suboccipital 
exposure. For this, the patient is positioned prone 
on chest rolls with the back elevated. It is helpful 
to angle the head toward the opposite shoulder, 
allowing the surgeon better access to the midline 
without having to lean over the patient’s back. 
A midline incision is made from above the inion 
to the level of the spinous processes of the fourth 
cervical vertebra [31].

�Lesions of the Pineal Region

Although the sitting position is commonly used 
with approaches to the pineal region, several dis-
advantages may make the prone or semi-prone 
position, which provides identical exposure, a bet-
ter choice. First, patients with pineal region lesions 
usually have to be placed in a more erect position 
than in the semi-sitting position, making the dan-
ger of air embolism considerable. The sitting posi-
tion also makes the operation particularly difficult 
and tiring for the surgeon because it requires a 
long reach for the instruments and that the arms be 
held in an extended, elevated position for many 
hours [30]. Although this arrangement is generally 
comfortable for the surgeon, the operative field is 
considerably elevated, which can make it difficult 
for the surgeon to be seated. This position enables 

Fig. 9.15  A 32-year-old female patient with headaches. 
(a) preoperative T2-weighted MRI of the cervical spine 
depicting Chiari Malformation Type I with syringomy-
elia, sagittal view. (b) postoperative T2-weigted MRI of 
the cervical spine after the decompression of the posterior 
fossa with resection of the atlas arch, sagittal view. Note 
the resolution of the syrinx

Fig. 9.16  A 39-year-old male patient with severe head-
aches and balance problems. (a) preoperative T1-weighted 
post-contrast MRI of the brain which shows the tumor on 

the floor of the fourth ventricle. (b) postoperative 
T1-weighted post-contrast MRI of the brain which shows 
the complete resection of the tumor (subependymoma)
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the use of a bridge on the operating microscope, 
affording binocular vision for both the surgeon 
and the assistant. In the Concorde position, the 
patient’s head may be rotated 15° away to facili-
tate occipital lobe retraction.

Posterior approaches to the pineal region may 
be divided into supra- and infratentorial. 
Supratentorial approaches include the occipital 
transtentorial, interhemispheric transcallosal, and 
interhemispheric retrocallosal. Infratentorial 
approaches include the median and paramedian 
supracerebellar infratentorial approaches. The 
occipital interhemispheric transtentorial approach 
and supracerebellar infratentorial approach are 
the ones most commonly used for the pineal 
region [32].

The posterior interhemispheric approach has 
traditionally been used for tumors located at the 
posterior third ventricle, pineal tumors growing 
superiorly or laterally to the trigone and lateral 
ventricle, tumors around the vein of Galen, and 
tumors of the median occipital lobe, as well as 
tumors of the splenium of the corpus callosum, 
brainstem tumors, vascular malformations, P2/3 
segment aneurysms of the distal posterior-inferior 
cerebellar artery, cavernomas of the dorsal mid-
brain, and lesions of the superior vermian area. 
The advantage of this approach is that is allows 
early access to the superior cerebellar artery, a 
major artery feeding these tumors. It also affords 
better exposure of the veins in the quadrigeminal 
region and shortens the distance to the area 
because of the division of the tentorium [32]. 
Depending on the anatomy of the pineal region 
tumor (meningioma, pinealoblastoma, pineal 
cyst), additional resection of the splenium or 
tentorium is sometimes needed. Various posi-
tions have been described for this approach 
(semi-sitting, lateral, three-quarter prone, and 
semi-prone) [30].

The supracerebellar infratentorial approach is 
used for lesions in the pineal quadrigeminal area. 
For these, the patient may be placed prone with 
the surgeon seated near the patient’s head, look-
ing in the reverse direction. Alternatively, the 
patient may be placed in the semi-prone position 
with the surgeon looking at an angle from behind 
[30] (Fig. 9.17).

The combined occipital transtentorial supra-
cerebellar trans-sinus approach is used for giant 
tumors of the pineal quadrigeminal area or 
meningiomas. It combines the advantages of the 
supracerebellar, infratentorial, and occipital 
transtentorial approaches [32] (Fig. 9.18).

�Complications

Increased age, elevated body mass index, the 
presence of comorbidities, and long.

duration of surgery appear to be the most 
important risk factors for complications associ-
ated with prone positioning. The systematic use 
of checklists is recommended to guide operating 
room teams and to reduce prone position-related 
complications [33].

Complications associated with prone position 
include injury to the central and peripheral ner-
vous system, ophthalmic injury, and pressure 
injuries [3]. Injury to the central nervous system 
occurs due to the rise of the intracranial pressure. 
There are few strategies which could be used in 
situation when intraoperative swelling occurs. 
These include releasing the cerebrospinal fluid 
from the cisterns, extending the decompression 
of the posterior fossa and placing a ventricular 
catheter at the Frazier point. Further maneuvers 
include tilting the table with head up, hyperventi-
lation, hypertonic saline (especially in patients 
with renal failure), or mannitol. Injuries to central 
nervous system can occur when turning the 
patient from supine to prone or due to neck 
extension (occlusion of the carotid or vertebral 
arteries), as well as due to pneumorrhachis (air 
entrainment into the spinal canal) after posterior 
fossa exploration, which can result in quadriple-
gia [3, 34]. Quadriplegia can also occur due to 
excessive neck flexion in the “Concorde” posi-
tion with the neck flexed and the chin approxi-
mately one fingerbreadth from the sternum in a 
patient with narrow spinal canal and herniated 
discs [35], which emphasizes the importance 
of the preoperative neck evaluation. Pressure 
injuries can be divided into direct and indirect 
[3]. Direct pressure injuries include pressure 
necrosis of the skin, contact dermatitis, tracheal 
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compression, salivary gland swelling, and shoulder 
dislocation. Indirect pressure injuries involve 
macroglossia and oropharyngeal swelling, medi-
astinal compression, visceral ischemia, avascular 
necrosis of the femoral head, peripheral vessel 
occlusion, and limb compartment syndromes and 
rhabdomyolysis.

Three types of complications have been associ-
ated with the prone position in cranial and spine 
surgery: those arising as a direct result of the posi-
tioning method, those due to venous air embolism, 
and those resulting from anesthesia [15].

Complications that arise as a direct result of 
the method of positioning include postoperative 

vision loss, myocardial ischemia, increased 
abdominal pressure and bleeding, abdominal 
compartment syndrome, limb compartment syn-
drome, shoulder dislocation, nerve palsies, pres-
sure sores, hepatic dysfunction, and 
cardiovascular compromise. Rates of pressure 
sores as an intraoperative complication have been 
reported to range from 5 to 66%. As such, pres-
sure sores lead to longer hospital stays and higher 
healthcare costs [20]. Retinal artery occlusion as 
a result of direct pressure on the eye lobe can lead 
to postoperative blindness. The rate at which this 
complication occurs increases relative to risk 
factors such as diabetes, obesity, smoking, and 

Fig. 9.17  A 31-year-old patient with diplopia and Parinaud 
syndrome. (a) preoperative T1-weighted post-contrast 
MRI of the brain, sagittal view, which shows lesion in the 
pineal region (germinoma), (b) coronal view; note the 
enlarged ventricles due to occlusive hydrocephalus; (c) 
axial view. (d) postoperative T1-weighted post-contrast 
MRI of the brain, sagittal view, which shows the complete 

resection of the tumor. The procedure was performed in the 
prone position with supracerebellar infratentorial approach 
performing the resection of the tentorium. (e) coronal 
view; note the fat patch used to prevent complications due 
to leak of the cerebrospinal fluid; (f) axial view, note that 
the ventricles returned to normal size
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hypertension, and risk factors related to the sur-
gical procedure such as anemia, decreased 
venous return, and prolonged hypotension. 
Corneal abrasion is also very often complication 
of Trendelenburg position [34]. Anemia, hemodi-
lution, blood loss (>1000 mL), and hypotension, 
in combination with the increased ocular pres-
sure in the prone position, can reduce perfusion 

pressure to the optic nerve and cause ischemic 
optic neuropathy [20].

Skin excoriations can occur on shoulders 
associated with taping. Wrist drop can be associ-
ated with pressure on the radial nerve above the 
elbow associated with securing straps or equip-
ment compression. Brachial plexus injuries or 
lesions can occur as a result of excessive stretch-

Fig. 9.18  A 74-year-old female patient with headaches, 
dizziness, and balance problems. (a) preoperative 
T1-weighted post-contrast MRI of the brain, sagittal view, 
which shows supra- and intratentorial meningioma. (b) 
coronal view; (c) axial view. (d) Note the midline incision 
which is curved to the right above the inion; (e) intraop-

erative photo, exposing the bone; (f) supra- and infraten-
torial craniotomy. (g) postoperative T1-weighted 
post-contrast MRI of the brain, sagittal view, which shows 
the complete resection of the tumor. (h) axial view; note 
the fat patch used to prevent CSF complications; (i) coro-
nal view
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ing and incorrect shoulder positioning that may 
cause transitory or permanent sensory and/or 
motor deficit. Another complication reported is 
ulnar neuropathy, which may be caused by 
entrapment of the ulnar nerve at the elbow or 
wrist with resultant numbness and tingling in the 
fourth and fifth fingers. This complication may 
be caused by mal-positioning or the lack of ade-
quate padding during surgical positioning. There 
have also been a few cases of reported in associa-
tion with prone positioning during surgery, with 
visceral hypo-perfusion implicated in those 
cases4. When a surgical patient is in the prone 
position (Jackson table), increased pressure on 
muscles can lead to muscle hypo-perfusion and 
ischemia as well as subsequent reperfusion injury 
with release of myoglobin. This could lead to 
rhabdomyolysis and acute renal failure [36]. 
Pressure to penis and scrotum can lead to scrotal 
edema.

Luostarinen and associates showed that, com-
pared with the prone position, surgery with the 
patient in the sitting position does not require 
excessive fluid administration to achieve stable 
hemodynamics [37]. Risk factors for reduced 
stroke volume, cardiac index, raised central 
venous pressure, and low blood pressure include 
massive blood loss, hypothermia, fluid shifts, 
cardiac comorbidities, venous air embolism, and 
anatomic deformities such as thoracic lordosis or 
pectus excavatum, which can aggravate hypoten-
sion. Also, an increase of intra-abdominal pres-
sure in the prone position of more than 12 mmHg 
increases the risk for abdominal compartment 
syndrome, as visceral compression and intra-
abdominal hypertension caused by decreased 
perfusion pressure lead to multi-organ failure. 
Patients with previous abdominal surgeries are at 
particularly high risk as tight abdominal closures 
can reduce abdominal compliance, increasing 
abdominal pressure. Lower limb compartment 
syndrome and rhabdomyolysis are common com-
plications associated with placement in non-
supine positions.

The risk of venous air embolism (VAE) is not 
confined to neurosurgical procedures done with 
the patient in the sitting position, nor is it elimi-
nated by placing the patient horizontally. 

Avoiding techniques that enhance air entrain-
ment or increase bubble size is imperative, as is 
identifying the population at risk of its devastat-
ing sequela, paradoxical air embolism. Children 
are at increased risk of VAE, as their reported 
rate of VAE (73%) is significantly higher com-
pared with that of adults (37%) [38]. Surgery 
with the patient in the sitting position has the 
highest rate of VAE. It may also occur in patients 
in the prone position during intracranial proce-
dures; the reported rate ranges from 10 to 25% 
[38]. The diagnosis of VAE can be made with 
capnography (a sudden drop in end-tidal CO2), 
precordial Doppler (with the transducer placed in 
the area of right atrium), and transesophageal 
echocardiography (the most sensitive invasive 
method, essential in patients with a patent fora-
men ovale). Supplementary monitoring is 
directed toward prompt detection and early treat-
ment of VAE. Transesophageal echocardiogra-
phy and Doppler were found to be equally 
sensitive with respect to air detection, and trans-
esophageal echocardiography provided the added 
benefit of localizing intracardiac air within a spe-
cific cardiac chamber. Cardiovascular changes 
occur late and include hypotension, elevation of 
central venous pressure, and electrocardiogram 
changes. TEE is not routinely used in prone posi-
tion for monitoring due to the risk of compres-
sion of the base of the tongue with postoperative 
edema.

VAE may increase airway pressure during 
mechanical ventilation as a result of broncho-
constriction and reduced pulmonary compliance. 
Intermittent positive-pressure ventilation has 
been advocated to prevent the reflex gasp that 
occurs with an air embolus and may cause a 
bolus of air to be sucked into an open vein. Initial 
exposure of the posterior fossa, when air may 
enter the diploic and emissary veins or the dural 
sinuses, is the time of greatest concern for the 
development of VAE. Sources of VAE are often 
not identified, but careful surgical technique is 
paramount. Bone was identified as a source of 
VAE in 16% of cases in one study; hence, the 
recommendation that all bone edges be waxed. 
Pin-type head holders have also been implicated, 
and it has been suggested that these pins be 
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wrapped with gauze impregnated with petrola-
tum or bismuth tribromophenate [38, 39] 
Alternatively, bleeding from pinholes can be 
stopped with stitching or gel foam powder. When 
performing posterior fossa surgery, special care 
needs to be done when opening above or in the 
region of sinus transversus, sinus sigmoideus, 
and torcula. Communication with the anesthesi-
ologist which monitors the TEE is essential, as 
well as preparation for hemostasis in possible 
sinus bleeding.

One potential source of venous air embolism 
during surgery in the posterior fossa is the suboc-
cipital cavernous sinus, specifically the area of 
the third segment of the vertebral artery, which 
extends from the transverse foramen of the axis 
to the dural penetration of the vertebral artery, its 
loops, branches, supporting fibrous rings, adja-
cent nerves, and surrounding venous structures 
[40]. If venous embolism is suspected, the anes-
thesiologist must immediately inform the neuro-
surgeon to begin irrigating the surgical field and 
cover any exposed blood vessels. Oxygen (100%) 
should be used, and air lodged between the supe-
rior vena cava and the right atrium should be 
aspirated through the central venous catheter. In 
the case of a massive embolism, advanced resus-
citation maneuvers should be quickly initiated 
and a pneumatic counter-pressure device may be 
used. An example of this device is MAST, mili-
tary anti-shock trousers, which extend from the 

hip to the ankles and are inflated if the patient’s 
condition becomes hypotensive.

Complications due to anesthetic technique 
include dislodgement of the endotracheal tube. 
This could be a major complication when oropha-
ryngeal and facial swelling are present (Fig. 9.12). 
The critical preventive factor is the correct place-
ment and securing of a non-kinking endotracheal 
tube to prevent an unrecognized disconnection or 
occlusion. Oral secretions draining from the 
mouth may loosen the retaining straps, and inad-
vertent endobronchial intubation may be pro-
duced by changes in the head position associated 
with the turning procedure. The endotracheal tube 
(ETT) kink during posterior fossa surgery might 
result from overbending of the softening tube due 
to oral temperature and neck flexion [41]. The 
smaller size tubes may be more prone for airway 
obstruction. It could be difficult to carry out rein-
tubation in such an awful situation when the 
patient was prone and in pins with surgery in pro-
cess. Manual straightening of the tube may be 
helpful to relive kinking of ETT. Emphasis should 
also be laid on the proper positioning of the head 
and neck prior to surgery. The use of reinforced, 
non-kinking ETT may be considered in high-risk 
patients [42] (Fig. 9.19).

Particular attention should be exercised to pre-
vent a tongue-biting injury by applying one of the 
forms of protection. The use of the plastic oral 
airways that place pressure on the posterior 

Fig. 9.19  Patient 
positioned prone with 
reinforced, non-kinking 
endotracheal tube
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aspect of the tongue results in the edema. Bite 
blockers that do not extend into the posterior 
pharynx are recommended. Problems with extu-
bation may occur due to facial edema, swelling of 
the soft palate, swelling of the tongue causing 
macroglossia, upper airway edema (because of 
head flexion and compression of lingual and pha-
ryngeal venous drainage), and swelling of sub-
mandibular glands (from compression of the 
salivary duct) [43]. Proposed mechanism of mac-
roglossia and oropharyngeal swelling suggests 
that excessive flexion of the head and the pres-
ence of a tracheal tube cause kinking and obstruc-
tion of the internal jugular vein in the neck, which 
in turn obstructs venous drainage from the lin-
gual and pharyngeal veins (Fig.  9.20). There 
were two described reports on postoperative 
macroglossia with swelling in patients with 
Chiari malformation, one of them being extu-
bated after 3 days on the respirator and the other 
one requiring emergency tracheotomy to relieve 
the obstruction, both without long-term sequelae 
[3, 44–46].

�Neuronavigation in the Prone 
Position

Navigation systems have become essential tools 
in neurosurgery, and precise registration is indis-
pensable for its accuracy. Rapid and precise 
registration by surface matching on the facial 

skin is possible by using the landmarks of the 
face with the patient supine. On the other hand, 
incomplete registration may occur in the prone 
position because of the ventral direction of the 
face, displacement of the skin by headpins, and 
obscuring of the skin by the bispectral index 
monitor, the many electrodes on the forehead, 
and the eye patch. Surface matching on the occip-
ital scalp may not be suitable for registration 
because the occipital scalp is flat and is com-
pressed in the supine position during preopera-
tive neuroimaging. To improve accuracy, fiducial 
markers can be placed prior to magnetic reso-
nance imaging and left in place for neuronaviga-
tion registration after positioning.

To overcome the problem of failed registra-
tion, Ogiwara and colleagues have developed a 
method of registration designated as bony surface 
registration, in which surface matching is 
achieved by using the bony surface of the skull 
after exposure. After the skin flap is created and 
before the craniotomy, bony surface registration 
is carried out by exposing the skull surface in a 
sterile environment [47].

In tumor surgery, updated image data allow a 
reliable identification of a tumor remnant or cor-
rection of a catheter position. With the help of 
intraoperative imaging (intraoperative MRI) nav-
igation data can be updated, so that brain shift 
can be compensated for and initially missed 
tumor remnants can be localized reliably [48]. 
Electromagnetic guided neuronavigation is a 
recently developed technique which enabled fast 
and accurate referencing without loss of naviga-
tion accuracy despite repositioning of the patient 
in the semi-sitting position [49]. In the surgery of 
the posterior fossa, neuronavigation is important 
tool in localizing the venous sinuses.

�Neuromonitoring in the Prone 
Position

Positioning maneuvers during surgical cases can 
place the patient at risk for spinal cord and/or 
peripheral nerve injury. The initial transition of 
the patient from supine to prone, as well as pas-
sive neck flexion or extension, are potentially 

Fig. 9.20  Orofacial swelling following the surgery in 
prone position
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high-risk portions of the procedure, especially 
during spine surgery. Intraoperative neurophysi-
ologic monitoring, including transcranial motor 
evoked potentials (MEPs), somatosensory 
evoked potentials (SEPs), and electromyogra-
phy (EMG) can be of use before the initial 
patient positioning. Their use can facilitate 
prompt identification of potentially reversible 
changes that may indicate impending position-
ing-related injuries [50]. Appropriate mouth gag 
or bite blocker should be applied when perform-
ing MEPs. The use of somatosensory evoked 
potentials (SSEP) as an indirect indicator of 
potential injury has been proposed as a useful 
detector of positioning-related peripheral nerve 
injury [3]. When performing SSEPs and MEPs, 
we recommend first to position the patient and 
then to place the electrodes and afterwards to 
perform the padding of the hands and feet. The 
hands and feet should be properly padded while 
undergoing electrical stimulation in an unpara-
lysed patient.
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�Introduction

Patient positioning is often underappreciated, but it 
is critical to the success of spinal surgical proce-
dures. When optimized, it maximizes the likelihood 
of accomplishing the surgical goals in a timely 
manner and decreases the risk for complications. 
The three positions that are most commonly utilized 
in spinal surgery are the supine, prone, and lateral 
positions. These positions are discussed in detail in 
the following chapters. Less common positions 
such as the sitting position are also described. In 
this chapter, we present an overview of positioning 
for spinal surgery and discuss some positioning 
pearls that we have found to be quite useful. The 
goals of successful positioning are to provide opti-
mal exposure to the pathology while ensuring the 
overall safety of the patient. In this regard, three 
principles must be taken into consideration.

�Optimal Surgical Exposure

The ideal surgical position is one that provides 
the best visualization of and access to the surgical 
pathology while minimizing positioning-related 

morbidity. The selection of the surgical position 
is at the discretion of the surgeon, but patient fac-
tors, surgical anatomy, and operating room 
resources must also be taken into consideration. 
Patient factors include the nature of the surgical 
pathology as well as the intended surgical goals. 
Other patient-specific positioning limitations can 
be determined from the physical examination 
and/or the past medical/surgical history that 
might preclude certain positions or limit opera-
tive approaches due to such things as limited 
patient mobility. For example, the inability to 
fully abduct or rotate the patient’s shoulder (due 
to prior injury, prior shoulder surgery, etc.) may 
limit one’s ability to position the patient prone 
while providing optimal access to or fluoro-
scopic visualization of the thoracolumbar spine. 
The patient’s body habitus is also very important 
to appreciate as it relates to the surgical approach 
and in determining the equipment necessary to 
safely support the patient on the operating room 
table.

Any concerns from the surgeon’s preoperative 
evaluation should be communicated to the oper-
ating room support staff, including the anesthesia 
team, nurses, and surgical technologists involved 
with the procedure. This team-based approach is 
critical to optimizing the operative environment 
to maximize the probability of surgical success. 
Some important considerations with regard to 
ideal positioning that should be communicated to 
the surgical team preoperatively and addressed in 
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the operating room while positioning the patient 
include the type of surgical table, the position of 
the arms, pressure point support, and padding for 
any vulnerable areas (see “Patient Safety” below). 
Depending upon the specific spinal surgical pro-
cedure, the position of essential equipment such 
as the c-arm fluoroscope, the operative micro-
scope, intraoperative navigation system, and 
electrophysiologic monitoring equipment should 
also be discussed with the operative staff to mini-
mize surgical inefficiency and any impact upon 
patient positioning. Although such technological 
advances have contributed greatly to decreasing 
surgical morbidity, they also necessitate a greater 
degree of preparation preoperatively.

An additional consideration when positioning 
a spinal surgery patient is to optimize the spinal 
alignment for the surgery as well as diminish the 
probability of epidural venous bleeding. For 
decompression of the lumbar spine, flexion is 
ideal to open the interlaminar spaces for improved 
access to the spinal canal and disc spaces. 
Placement of the patient on a kyphosis position-
ing device (such as a Wilson frame) can provide 
for flexion of the lumbar spine to open the inter-
laminar spaces as well as lift the patient’s abdomi-
nal wall off the operating room table to diminish 
intra-abdominal pressure/epidural venous disten-
tion. For posterior cervical surgery, placing the 
patient in the reverse Trendelenburg position can 
raise the patient’s head above the heart and dimin-
ish intraoperative venous bleeding. In fusion pro-
cedures, the spinal alignment achieved through 
optimal positioning should reflect the natural spi-
nal curvature (lordosis for the cervical and lumbar 
regions, kyphosis for the thoracic spine). This 
goal can be verified with a c-arm fluoroscope. The 
operating room table and various accessories 
(chest rolls, Wilson frame, etc.) can be utilized to 
optimally produce the desired spinal curvature, as 
will be discussed in the following chapters.

�Patient Safety

A paramount goal of proper operative positioning 
is to minimize complications. With regard to 
spinal surgical positioning, the most common 

concerns are the development of neuropathies. 
An ulnar neuropathy is the most common neu-
ropathy related to positioning and can be caused 
by compression or ischemia. The ulnar nerve is 
most susceptible at the superficial condylar 
groove at the medial aspect of the elbow, and thus 
excessive flexion or compression in this region 
should be avoided. In the supine position, this 
risk can be minimized by ensuring the medial 
elbow is properly padded, and the arm is in a 
“natural” position with the palms facing medi-
ally. In the prone position, the upper extremity 
should be abducted no more than 90° at the 
shoulder and the elbow should be flexed, with the 
axilla padded to prevent brachial plexus com-
pression. Lower extremity neuropathies can also 
occur although they are infrequent with spine 
surgery. The knees and ankles should be properly 
padded. The anterior superior iliac spine and sur-
rounding area should be padded as well to mini-
mize the risk of meralgia paresthetica when 
patients are positioned prone. The lateral femoral 
cutaneous nerve exits the abdominal fascia near 
the anterior superior iliac spine and is vulnerable 
to compression in this region.

An additional consideration when positioning 
a spinal surgical patient is to provide proper sup-
port to pressure points to prevent soft tissue 
injury. The points of greatest susceptibility are 
the dependent areas, especially those adjacent to 
bony prominences (e.g., the heels in the supine 
position and the knees in the prone position). 
The best method of minimizing the risk of skin 
breakdown is to decrease the operative time. 
As this is not always possible, other means to 
decrease the pressure on vulnerable areas include 
allowing them to be free from compression and/or 
padding them.

�Operative Ergonomics

The ideal ergonomic position for the surgeon is 
one that maintains cervical and lumbar lordosis 
such that the surgeon’s head remains above his 
or her shoulders and hips in relative spinal bal-
ance. Unfortunately, the importance of proper 
surgeon positioning, especially over a long 
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career, is underappreciated, and it is seldom 
achieved. The use of the operating microscope 
or surgical endoscope can improve surgeon 
ergonomics, as they allow the surgeon to view 
operative anatomy by moving the means of 
visualization, rather than the surgeon’s neck or 
back. Still, spinal surgeons may find that they 
have to contort themselves to adequately view 
the surgical anatomy in certain situations (e.g., 
spondylolisthesis at L5-S1  in patients with a 
high slip angle). Adjusting the operating room 
table can help the surgeon to compensate for 
less than ideal ergonomic situations (e.g., plac-
ing patients with L5-S1 spondylolisthesis in the 
reverse Trendelenburg position). Ongoing 

developments in surgical technology, such as 
“head’s up” display technologies, may help 
improve operative ergonomics.

�Conclusion

Proper patient positioning is absolutely critical to 
the success of spinal surgical procedures. A mul-
titude of factors must be considered to adequately 
position the spinal surgical patient, including 
optimal surgical exposure, patient safety, and 
ergonomics for the surgeon. By addressing these 
factors, spinal surgeons can minimize complica-
tions and improve outcomes.

10  Spinal Surgery Positioning Overview
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�Introduction

Positioning is a critical component of the opera-
tion in any neurosurgical case. Inadequate posi-
tioning can impede access to the site of interest, 
limit the surgeons view, or injure the patient. On 
the other hand, appropriate positioning can facili-
tate the efficient completion of an operation, 
divert blood to optimize visualization, and pro-
tect the patient from injuries such as pressure 
ulcers or neuropathies. In this chapter, the authors 
discuss sitting, supine, and lithotomy positions. 
Indications for each position will be discussed, 
along with advantages and drawbacks of each 
position.

�The Sitting Position

The sitting position for neurosurgical procedures 
was first described by De Martel in 1931 [1]. It has 
seen variable popularity over the intervening years, 

and controversy continues in the literature to this 
day. While it certainly has its advantages, it pres-
ents many challenges to the operative team and 
has the potential for significant complications for 
the patient. While commonly used for posterior 
fossa cranial surgery, it is also useful in certain 
spinal operations. On the whole, though, its use 
has been in decline [2].

�Positioning the Patient

After induction of general anesthesia and place-
ment of appropriate lines, monitors, and catheters, 
the patient is positioned in a Mayfield head holder. 
The AORN recommends use of a lateral transfer 
device and for multiple caregivers to work 
together to place the patient into position [3]. The 
table is then raised slowly to bring the patient into 
a sitting position. It is recommended to perform 
this change in position over several minutes to 
avoid major hemodynamic shifts, as patients have 
depressed cardiovascular reflexes under general 
anesthesia [4, 5]. The neck is then secured in a 
neutral and slightly flexed position [6]. The severe 
flexion needed for posterior fossa cranial surgery 
is not necessary in the case of sitting posterior 
cervical surgery. The Mayfield clamp is secured 
to a cross bar which is anchored to the operative 
table. Care is taken to ensure that the patient’s hip 
and knees are not excessively flexed and that 
prominences are carefully padded. The arms are 
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secured on arm boards and accessible to the anes-
thetist. The fluoroscope is then positioned with 
the base at the foot of the bed. Figure 11.1 illus-
trates the patient in the sitting position.

�Procedures Performed

The most common spinal procedure performed in 
the sitting position is the cervical laminotomy or 
laminectomy, though some groups have reported 
performing thoracic laminectomies, as well [4–12]. 
Decompressive surgery for radiculopathy has 
been widely reported with a large number of 
patients [6, 11], and tumors can also be resected 
in the sitting position [13]. There is a single case 
report about a combined anterior and posterior 
reconstruction in the sitting position [5].

�Anesthesia and Monitoring

Induction of anesthesia for surgery in the sitting 
position should follow the anesthesiologist’s 
routine, with the same attention to neck position-
ing as other cervical operations. If intraoperative 
neuromonitoring is to be used, then total intravenous 

anesthesia will be necessary. Careful attention 
should be paid to hemodynamic status during 
positioning. Patients with poor autoregulation 
may be especially susceptible to drops in blood 
pressure during this phase [10]. Venous pooling 
in the lower extremities also limits venous return 
and may lower cardiac output [3, 10, 14].

Standard hemodynamic monitoring, electro-
cardiogram, noninvasive and invasive blood pres-
sure, capnography, and oximetry are employed in 
all cases. Monitoring for air embolus is manda-
tory during sitting position surgery, given the 
catastrophic nature of this complication [2, 7, 11, 
14–16]. The ASA does not provide a specific 
guideline for what kind of monitoring to use, but 
the literature contains considerable information 
to help practitioners make this decision. The use 
of precordial Doppler was first described by 
Michenfelder et al. in 1972 [16]. This provides a 
characteristic auditory signal to the entry of air 
into the heart. Recent analyses have indicated this 
to be a highly sensitive way to detect air emboli—
Standefer et al. indicate that it detected 91% of 
air emboli in their population [12], though others 
place the detection rate closer to 50% [4]. Even 
more sensitive than Doppler is intraoperative 
transesophageal echocardiography (TEE). This 
technique was first described by Cucchiara et al. 
in 1984, and they described the ability of TEE to 
detect as little as one air bubble in the cardiac 
chambers, and point out that TEE provides excel-
lent spatial localization of the air, which Doppler 
is unable to provide [15]. Ganslandt et al. found 
that a much higher incidence of air embolism in a 
group monitored with TEE than they did with the 
Doppler [4]. Many groups also recommend pre-
operative evaluation for a patent foramen ovale to 
avoid paradoxical air emboli [8, 15, 17].

�Advantages

The sitting position does create certain advan-
tages for the surgeon—it places the head above 
the heart and can enhance venous drainage, 
leading to lower intracranial pressure, which is 
particularly important for posterior fossa tumor 
operations [7, 12]. This also decompresses the 

Fig. 11.1  The sitting position (illustration credit: 
Christopher Brown)
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epidural venous plexus, which may decrease 
epidural bleeding. For cervical spine surgery, 
allowing the shoulders to drop out of the way 
affords better visualization on fluoroscopy, and 
upright alignment is very evident [18]. It also 
allows drainage of blood and CSF out of the field 
by way of gravity, thus providing superior visual-
ization of the operative field [7, 12, 18]. 
Furthermore, this position is much better tolerated 
by obese patients with regard to ventilation than is 
the prone position. The anesthesiologist also has 
easy access to both arms in case of problems with 
intravenous access or need for more lines.

�Complications and Disadvantages

�Air Embolism
Perhaps the most feared complication of sitting 
position surgery, air embolism carries with it the 
potential for catastrophic injury to the patient. 
Much has been written about this complication 
and how to manage it. There is variability in 
reporting, and the incidence may vary from as 
little as 1.6% to as high as 76% [4, 6, 12, 13, 15, 
17, 19]. Part of the variability is due to differ-
ences in monitoring technique, but there is also 
variability in reporting. Some publications report 
all air emboli whereas others report only those 
that are “clinically significant”—the definition of 
which varies. The Tübingen group has published 
a grading scale in the hopes of standardizing the 
way that air emboli are reported and discussed in 
the literature with an emphasis on the patient’s 
clinical status [7].

There does seem to be a difference between 
posterior fossa cranial operations and cervical 
spine operations with regard to the incidence of 
air embolism, with much less frequent air embo-
lism in cervical operations—as low as 0.7% in 
the population of Himes et  al. [8], 2.3% in the 
study by Zeidman and Ducker [11], and Standefer 
et al. found that there were a very small number 
of patients who had cervical laminectomies 
among their population of patients with signifi-
cant embolic events [12]. Likely, this difference 
is accounted for by the fact that no large venous 
sinus is encountered in cervical surgery as 

opposed to posterior fossa operations. No group 
reported ischemic sequalae following air embolus 
detection intraoperatively, and it may be that 
small amounts of air pass frequently into the 
circulation but clinically have no effect [8].

�Quadriplegia
Midcervical quadriplegia is an exceedingly rare 
but reported complication after sitting position 
surgery. It was first reported by Hitselberger and 
House in 1980 in the setting of acoustic neuroma 
surgery [14] but has since been reported again 
[20, 21]. The theorized mechanism is stretched 
on the cervical spinal cord when the neck is 
flexed may cause impaired autoregulation of spi-
nal cord blood flow. Combined with the already 
reduced cardiac output in the setting of general 
anesthesia and the hemodynamics of the sitting 
position, the spinal cord may see significant isch-
emia, especially during prolonged surgery [22]. 
The spinal cord may elongate up to 2.8 cm from 
full extension to full flexion [21], and overlying 
cervical stenosis may contribute to constriction 
of the arteries.

�Peripheral Neuropathies
Sciatic and peroneal neuropathies have been 
reported after surgery in the sitting position. 
Bilateral sciatic neuropathy in a patient who 
underwent surgery in the sitting position was 
described by Wang et  al. and is only the fourth 
reported case of sciatic neuropathy causing weak-
ness of plantarflexion, all of which occurred after 
prolonger operations [23]. Peroneal neuropathy 
causing a foot drop is more common, though still 
occurs less than 1% of the time after sitting posi-
tion surgery, and patients are able to recover func-
tion with time and therapy [10, 23, 24]. Patient 
factors that may increase the risk of peripheral 
nerve injury include a low BMI, old age, smoking, 
and pre-existing peripheral neuropathies [23]. 
Careful padding and patient selection can aid in 
minimizing this complication.

�Face and Tongue Swelling
Tattersall reports a case of massive facial and 
tongue swelling that necessitated reintubation 
and a prolonged stay in the ICU, culminating in 
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patient death [25]. This was suspected to be due 
to excessive flexion of the neck which caused 
venous hypertension and ultimately thrombosis 
with no drainage of the head. Porter et al. recom-
mend use of a small diameter echo probe and the 
avoidance of a rigid oral airway to minimize the 
risk of this complication [10].

�Ergonomics and Learning Curve
The sitting position places a great deal of strain 
on the surgeon, who must keep his arms elevated 
for the duration of the surgery. This necessitates 
the surgeon to either work quickly or formulate a 
sterile solution upon which to rest his arms. 
Surgeon fatigue can lead to errors and potential 
complications. The learning curve for sitting 
position surgery can be significant for the opera-
tive team. Because this position is not commonly 
used, the first few cases will require extra time to 
get the patient safely into position. Repetition, 
however, will build competence and comfort for 
the team with the sitting position. Similarly, the 
anesthesiologist must be comfortable with the 
patient in this position and the accompanying 
changes as outlined above.

�The Supine Position

The supine position is one of the most commonly 
used positions in neurosurgery and many other 
surgical subspecialties. Its ubiquity makes it 
straightforward for the operative team, but there 
are precautions that must be taken to prevent 
injury to the patient.

�How to Position the Patient

The supine position is illustrated in Fig. 11.2. The 
patient may move onto the operating table under 
his or her own power if able, or he or she may be 
moved by the operative team. The AORN recom-
mends the use of a lateral transfer device in the 
latter case, with at least four people (including the 
anesthesiologist) to assist with the transfer [3]. A 
pillow should be placed under the patient’s knees 
to avoid any strain on the hamstrings and back 
muscles. The head should be on a headrest. The 
heels should be elevated or sufficiently padded 
with foam to avoid pressure ulcers. Some institu-
tions may also pad the sacrum. A safety belt should 
be placed approximately two inches above the 
knees to protect the patient from falling off of the 
table [26]. If the arms are to be abducted on arm 
boards, care should be taken to avoid abducting 
the arms more than 90° to lower the risk of bra-
chial plexus injury [3, 27]. If arms are to be tucked 
at the sides, the AORN recommends against “tuck-
ing” by wrapping the sheet around the patient’s 
arm and securing it under the table, but rather 
supports “papoosing” the patient by wrapping 
the sheet around the patient to secure the arms [3]. 
If securing the patient’s arms at the sides, care 
should be taken to pad all prominences at the 
elbow and wrist and pad the intravenous lines 
against the skin. The draw sheet should extend 
above the elbows [3, 26]. The IV lines should be 
carefully checked to ensure they are still running, 
as tubes can get kinked during arm positioning.

Depending on the patient’s size and spinal 
levels of interest, there may be a need to push the 

Fig. 11.2  The supine 
position (illustration 
credit: Christopher 
Brown)
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shoulders down with a brace or with tape to obtain 
better exposure of the lower cervical spine for 
fluoroscopy. In myelopathic patients, care should be 
taken with neck position and neck manipulation 
during anesthetic induction. The need for cervi-
cal traction is determined by the surgeon on a 
case-by-case basis. The neck should be placed in 
slight lordosis to maintain the anatomic alignment 
after fusion.

�Procedures Performed in the Supine 
Position

The supine position is ideal for anterior cervical 
exposure for discectomy or corpectomy. The sur-
geon can access almost the entire cervical spine 
from the anterior exposure. Access to the C2-C3 
level may be somewhat limited by the mandible. 
One group from Japan places the patient in exten-
sion and rightward rotation to move the mandible 
out of the way, but has found that this can affect 
the extent of decompression and place the vertebral 
artery at risk of injury [28]. Anterior odontoid 
screw fixation is also best accomplished in this 
position. The supine position also allows for ante-
rior lumbar spine exposure. This often requires 
the spine surgeon to work with a general or vascu-
lar surgeon for access to the surgical site.

�Anesthesia and Monitoring

Induction of anesthesia is relatively straightfor-
ward and can follow the attending anesthesiolo-
gist’s routine. Total intravenous anesthesia is used 
if intraoperative neuromonitoring is to be utilized. 
Great care should be utilized in myelopathic 
patients or patients with unstable cervical spine 
injuries, in whom intubation should be carried 
out either while the patient is awake and/or with 
minimal neck manipulation. Light wand and 
GlideScope™ are optimal tools to use for intuba-
tion in the setting of myelopathy. Standard moni-
toring should include EKG, pulse oximetry, 
capnography, noninvasive blood pressure, and 
invasive blood pressure at the discretion of the 
anesthesiologist. Monitoring of motor and somato-
sensory evoked potentials and electromyography 

should be used at the discretion of the surgeon. 
For anterior lumbar operations, in which the iliac 
arteries and veins are retracted, use of lower 
extremity oximetry may be used at the discretion 
of the surgical team [29–31].

�Advantages

The supine position is common and thus easy for 
the surgical team. This also allows for the patient 
to be positioned relatively quickly (in contrast to 
the sitting position, which can add considerable 
time to the positioning portion of a case). The 
anesthetic is also usually straightforward in the 
supine position though very obese patients or 
patients with significant pulmonary disease can 
have some difficulty with ventilation in this posi-
tion [3]. The supine position is also ergonomically 
familiar and comfortable for the surgeon and sur-
gical technician.

�Disadvantages and Complications

�Visualization
Adequate visualization can be difficult in the 
supine position, especially in large patients. The 
fluoroscopic image is significantly limited by the 
patient’s shoulders in the lower cervical spine. 
This creates a hazard when localizing and 
requires the surgeon take extra steps to ensure 
that the correct level is exposed. Seeing into the 
operative field is also difficult in large patients, 
especially if the chest is prominent, creating lim-
ited working space between the chest and the 
chin. Limited light and a long reach for instru-
ments can make the surgery both more technically 
challenging and raise the risk of complications for 
the patient.

Working angles can be a challenge for hard-
ware placement at the extremes of the cervical 
spine. At C3-4 (and indeed at C2-3), the chin and 
mandible can create difficulty with appropriately 
angling fixation screws for the anterior plate. 
Similarly, at C7-T1, the manubrium can create 
difficulty with placing hardware. In a patient with 
a large chest, obtaining the correct angle for an 
odontoid screw can be particularly challenging.
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�Venous Congestion
Lying flat allows redistribution of venous blood to 
the head and neck and can engorge the epidural 
venous plexus. In contrast to the sitting position, 
where there may be little to no epidural bleeding, 
this can be much more significant in the supine 
position. Furthermore, if a chin strap is used for cer-
vical traction, this can further worsen venous con-
gestion by compressing the jugular vein. Congestion 
can be somewhat mitigated by placing the patient in 
a slight reverse Trendelenburg position.

�Patient Anatomy
In the setting of a patient with a very steep sacral 
slope, it may be difficult or impossible to access 
the L5-S1 disc space to perform an anterior dis-
cectomy and fusion. In such cases, it may become 
necessary to use the lithotomy position (to retro-
vert the pelvis) or use an alternative procedure. 
Patients with previous shoulder operations or 
pre-existing shoulder conditions may suffer from 
worsened shoulder discomfort or stiffness after 
prolonged taping of the shoulders.

�Neck Positioning
In anterior cervical operations with significant ste-
nosis, the patient may develop monitoring changes 
if the neck is extended to create lordosis. In such a 
case, the neck should be kept neutral or moved 
back into the last position with intact evoked 
potentials until the spinal cord is adequately 
decompressed, then lordosis can be created intra-
operatively by removing bolsters under the head.

�Peripheral Nerve Injuries
The brachial plexus is particularly vulnerable in 
any surgery where the arm may be abducted or the 
shoulder manipulated. This is because of its long 
course, relatively superficial position, and the fact 
that it is anchored at two fixed points—the spine 
and the axillary fascia as it passes into the arm 
[32]. The plexus also contacts the clavicle, first 
rib, and the head of the humerus along its course, 
all of which can cause stretch or compression on 
the plexus [32]. Uribe et  al. describe brachial 
plexus injury after spine surgery in their popula-
tion, with 44 of 514 patients suffering from bra-
chial plexus injuries after being in the supine or 
lateral position. Fortunately, most patients recover 

completely and only a very small fraction have 
deficits persisting beyond 3 months [32]. Ben-David 
and Stahl similarly found in their population of 
patient with postoperative brachial plexus injuries 
that most patients recover full within 3 months 
and that a small proportion have a persistent defi-
cit beyond that time period, but they noted that 
even patients with a persistent deficit tend to 
show continued functional improvement [33]. 
The mechanism of injury is likely prolonged 
stretch and/or compression along the course of 
the brachial plexus, especially in cases where the 
shoulders are taped down aggressively for visual-
ization or if the arms are abducted beyond 90 
degrees [3, 27]. Under general anesthesia, the nor-
mal defensive muscle reflexes and the ability to 
move the arm into a more comfortable position 
are absent, creating a situation in which nerve 
injuries are more likely [32].

The ulnar nerve, with its relatively superficial 
course, is also susceptible to injury due to malpo-
sition of the arm. The ASA recommends taking 
care to pad the elbow and keep the arm in a neu-
tral position if tucked/wrapped or to keep the arm 
in a supinated or neutral position if placed on an 
arm board [27]. There is less concern regarding 
the radial and median nerves, as these are rela-
tively protected by muscle along their respective 
courses, though the ASA does recommend taking 
care to avoid putting pressure on the spiral groove 
of the humerus [27].

�The Lithotomy Position

Though the lithotomy position is uncommonly 
used in the neurosurgical world, it is useful to 
access the pelvis and perineal region and thus often 
used in urology, gynecology, and colon and rectal 
surgery. The lack of familiarity with this position 
can be a major challenge for operative teams, but it 
can be highly useful for select indications.

�How to Position the Patient

The process of placing the patient in the lithot-
omy position begins with the patient supine on 
the operating table for induction. The legs are 
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then elevated, abducted, and placed in stirrups 
for support [34]. The patient is moved so that 
the buttocks are on the end of the table. The legs 
are elevated such that the pelvis can be retro-
verted. It is recommended to position the legs 
slowly and simultaneously, with support on both 
the foot and the lower leg [34]. The bottom sec-
tion of the table should only be lowered after the 
legs are secured. Padding should be placed 
under the sacrum to prevent lumbosacral strain. 
Care should be taken to avoid excess pressure 
on the popliteal region and the heels should be 
padded to prevent pressure ulcers [3]. The arms 

are placed on arm boards and abducted less than 
90 degrees. The patient should be secured to the 
table with a safety strap and/or tape. If any 
Trendelenburg posture is used, some authors 
recommend the use of a soft shoulder brace to 
prevent the patient from sliding cranially [35]. 
When taking the patient out of lithotomy posi-
tion, the lower section of the table should be 
raised before the legs are removed from the stir-
rups, and they should be removed simultane-
ously and extended fully before lowering onto 
the table [34]. Figures  11.3 and 11.4 illustrate 
this position.

Fig. 11.3  The 
lithotomy position with 
Trendelenburg 
(illustration credit: 
Christopher Brown)

Fig. 11.4  The 
lithotomy position with 
less elevation of the legs 
(illustration credit: 
Christopher Brown)
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�Anesthesia and Monitoring

Anesthesia induction and maintenance should 
follow the anesthesiologist’s routine for intra-
abdominal surgery. It has been reported that 
physiological dead space is increased in lower 
abdominal surgery performed in the lithotomy 
and Trendelenburg position, and that respiratory 
compliance is decreased as a result of pressure on 
the lungs from the intra-abdominal contents [36]. 
The oxygen tension in the blood has been shown 
to be lower in patients in the lithotomy position 
after about 10 min, relative to the supine position 
[36]. This effect may be augmented in obese 
patients, requiring increased ventilator support 
while in this position. Monitoring should consist 
of standard intraoperative anesthetic monitors—
EKG, noninvasive blood pressure, capnography, 
and oximetry. Invasive blood pressure monitor-
ing can be performed at the discretion of the 
anesthesiologist.

�Procedures Performed 
in the Lithotomy Position

As mentioned above, the lithotomy position is 
uncommonly used in neurosurgery. The primary 
indication for this position is for anterior lumbar 
interbody fusion involving the L5/S1 interspace 
in which there is a very steep sacral inclination 
which is difficult to access in the supine posi-
tion. The lithotomy position allows for retrover-
sion of the pelvis and brings the interspace more 
perpendicular to the floor and thus more 
accessible.

�Advantages

By allowing the surgeon access to a steep L5/S1 
disc or patients with a very high grade spondylo-
listhesis, the lithotomy position allows for solid 
interbody arthrodesis in group of patients with 
very challenging anatomy in whom traditional 
anterior and posterior interbody approaches are 
very difficult, if not impossible.

�Disadvantages and Complications

�Lack of Familiarity
The lack of experience among neurosurgical 
teams with this position is a major challenge and 
arises from the infrequency with which this posi-
tion is used. As such, the risk of complications is 
higher if careful attention is not paid to each 
individual detail of positioning. Similarly, the 
surgeon’s own comfort level with the lithotomy 
position and the anatomy when in this position 
may increase the risk of complications until suf-
ficient experience is gained [37]. The periopera-
tive team should consider utilizing the experience 
from other surgical departments for optimal 
patient safety.

From the perspective of surgical education, 
the lithotomy position is somewhat suboptimal. 
Because the lithotomy position places the surgeon 
between the patient’s legs, there is limited room 
for others to view the operative field. This creates 
difficulty for trainees and academic surgeons 
who wish to teach the procedure, whereas in 
prone and supine positions, the surgeon and 
assistant are able to stand across from each other.

�Anesthetic Difficulties
As mentioned above, there are significant pulmo-
nary changes while in the lithotomy position, 
especially if this is combined with Trendelenburg. 
The abdominal contents compress the diaphragm, 
raising pressure in the chest. In a high lithotomy 
position, especially in an obese patient, the thighs 
place pressure on the abdomen and further increase 
pressure on the lungs [36, 38, 39]. Fahy et al. men-
tion that there is an expected reduction in PaO2 and 

increase in PaCO2, and while these shifts are not 
unacceptable in healthy patients, patients with pre-
existing cardiopulmonary comorbidity may not 
tolerate them as well [38]. Ryniak et al. mention 
that lung elasticity and compliance increase when 
in the Trendelenburg position, and elasticity 
increase further with lithotomy positioning [39]. 
This knowledge necessitates careful monitoring of 
the respiratory status of patients while in the lithot-
omy position and implies that certain patients may 
be unable to tolerate being in this position.

S. F. Ansari and J. -P. Mobasser



145

�Peripheral Neuropathies
Because of the unique positioning of the legs in 
lithotomy, multiple peripheral nerves are at risk for 
injury. The ASA recommends limiting hip flexion 
to 90 degrees, as this minimizes stretch on the sci-
atic nerve [27]. Gumus et al. found a postoperative 
neurapraxia in 12 of 1170 patients undergoing sur-
gery in the lithotomy position. They, too, comment 
that excess hip flexion places the sciatic nerve 
under stretch which over time can result in injury. 
In their series, only two patients had a deficit per-
sist beyond 1 month. They concluded that age over 
70 and operative time longer than 3 h contributed 
to an increased risk of postop neurapraxia [37]. 
The ASA indicates that the femoral nerve may 
also be at risk with excessive abduction and 
external rotation of the hips [27]. Finally, both 
the ASA and the AORN recommend careful pad-
ding of the fibular head, as prolonged pressure on 
this region can lead to peroneal neuropathy and 
foot drop [3, 27].

�Compartment Syndrome
This is a dreaded, though rare, complication of 
lithotomy positioning. Zappa et  al. describe in 
their series of 473 patients undergoing gyneco-
logic surgery in the lithotomy position, 8 patients 
developed compartment syndrome requiring fasci-
otomy [35]. Sajid et al. mention that the incidence 
of compartment syndrome requiring fasciotomy in 
colorectal patients is about 1/3500 [40]. The 
pathophysiology of compartment syndrome is 
prolonged ischemia followed by reperfusion and 
edema [35, 40–43]. It is suspected that raising the 
legs above heart level, combined with pressure on 
the leg musculature and vasculature while in stir-
rups, impedes blood flow to the calf musculature. 
The prolonged ischemia results in breakdown of 
the basement membranes around the blood vessels 
and leads to the leakage of fluid into the interstitial 
space, resulting in swelling of the muscle [41–43]. 
Consensus in the literature suggests that 3–4 h of 
operative time is the point at which the risk of 
compartment syndrome rises [40, 41]. Rapid diag-
nosis and treatment with fasciotomy is then neces-
sary to prevent permanent neurologic damage or 
loss of limb [35, 40]. Recommended preventive 
measures include careful padding of the calf and 

heel, minimizing Trendelenburg positioning, and 
minimizing hypovolemia [40].

Realistically speaking, the lithotomy position 
is rarely used in spine surgery and is somewhat 
limited to centers where it is used in conjunction 
with vascular and general surgeons who are com-
fortable with set up and patient positioning. 
While it is not a necessary tool for the spine sur-
geon’s armamentarium, it could be a useful 
adjunct from time to time, when a patient has a 
steep sacral inclination, and an anteriorly placed 
graft is required.

�Conclusion

This chapter discussed the sitting, supine, and 
lithotomy positions in spine surgery. Methods of 
positioning were explained and nuances described. 
Advantages and disadvantages to each position 
were explored. Each position has specific indica-
tions. Surgeons must choose the position best 
suited for the individual operation and patient in 
order to optimize surgical access and minimize 
position-related injury.
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�Introduction

Lateral approaches to the thoracolumbar spine 
were initially described by Mayer and McAfee in 
1997 and 1998. These approaches have become a 
more frequently used technique following the 
series published by Pimenta in 2006 and the 
implementation of minimally invasive techniques 
[1–3]. Most commonly touted as an alternative to 
the muscle-disruptive posterior approaches while 
avoiding the vascular and abdominal complica-
tions of anterior approaches, the lateral approach 
presents a unique set of risks to the patient while 
offering an alternative for decompression and 
stabilization of the thoracolumbar spine [4].

The two most common indications for utiliza-
tion of the lateral approach include both trauma 
of the thoracolumbar junction and degenerative 
disease of the lumbar spine. Additionally, the 

lateral position can be utilized when other lesions 
or pathology preclude safe prone positioning 
with compression of a large vessel or airway. 
Although a lateral approach can be utilized for 
thoracic disc disease, our institution feels a poste-
rior approach provides both adequate exposure 
and a more familiar approach for these rare 
lesions when able.

�Positioning for the Elective Spine

Once the patient has been identified for the pro-
cedure, the first critical step in positioning is the 
choice of operating tables. For the minimally 
invasive lateral, trans-psoas approach used by our 
group for lateral lumbar interbody fusion (MIS-
LLIF) the Skytron operating bed is utilized. This 
bed allows for both an appropriate break, when 
necessary, as well as the option for the bed to be 
translated cranially or caudally. The translation 
allows for the primary operative site to be moved 
away from the base of the table, allowing for suf-
ficient under-bed clearance for the C-arm fluo-
roscopy unit. Tables that are unable to translate 
will often limit C-arm positioning over the break, 
and/or the lumbar spine, significantly reducing 
the adequate visualization of the spine through-
out the procedure; without a true AP and lateral 
image, the MIS-LLIF approach is much less safe, 
and not recommended [5].
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Positioning the patient on the table is per-
formed following intubation, induction of anes-
thesia, and placement of neuromonitoring 
electrodes. A bite block of rolled dressing 
sponges can be used to prevent tongue trauma if 
MEPs are to be used, though the use of monitor-
ing, including MEPs, does not significantly 
change the positioning process for the elective 
patient. The patient is placed on the table in the 
lateral decubitus position; the upward facing side 
can be determined by the anatomy of the patient. 
If a scoliotic curve is present, the concavity is 
generally positioned upwards to both allow the 
maximum number of levels to be accessed with a 
single skin and fascial incision; this will also gen-
erally allow better access to the L4/5 disc space, 
when targeted. Some advocate for the convexity 
to be positioned upward for assistance in curve 
correction though this has not been routinely 
used in our adult practice of largely inflexible 
curves [6]. In degenerative cases, the more col-
lapsed side of the disc space or the larger osteo-
phyte is placed dependent in order to maximize 
the ease of disc space entry. If there is no curve or 
anatomic restriction, typically the right lateral 
decubitus position is preferred. Though the ana-
tomic imaging study by Deukmedjian et al. does 
show a slight movement of the inferior vena cava 
(IVC) out of the operative field with left lateral 
decubitus positioning, this proved to have only 
millimeters of change and has not been felt to be 
practically advantageous in our experience. 
Instead, if a vascular injury were to occur, there 
is much greater ease in the repair of an arterial 
versus a venous structure [7]. We often use a 
shallow, inflatable beanbag beneath the patient 
that will not rise higher than midline upon defla-
tion, as such practice would result in poor fluo-
roscopy projection. The beanbag is either covered 
with a flat sheet, or used without covering; no 
additional padding is present between the patient 
and the beanbag bolster. The patient is positioned 
on the table so that the iliac crest is overlying the 
break of the table. Historically, the table was 
angulated to a great extent to drop the iliac crest 
out of the operative field and increase visualiza-
tion of the lower lumbar vertebrae. With institu-
tional experience, and reports within literature of 

increased morbidity secondary to nerve strain, 
we have gradually decreased the degree of table 
break to the lowest amount that allows direct 
access to the operative level. An angle break of 
40° has been shown to cause femoral nerve strain 
of 6–7%, which is typically considered sufficient 
to limit nerve perfusion and possibly result in 
neurapraxia [8]. Conventionally, postoperative 
hip flexor weakness has been attributed to dissec-
tion through the psoas muscle itself. A study by 
Molinares et al. in 2016 studied healthy individu-
als placed within the lateral decubitus position 
both with and without a table break of 25° for 
1  h. The typical transient neurapraxia with hip 
flexor weakness and sensory disturbance was 
seen in all patients in the lateral jack-knife posi-
tion, but not those in the lateral decubitus posi-
tion. The L1, 2, and 3 nerve roots on the 
nondependent (would-be-operative) side experi-
enced symptoms of neurapraxia with 10–60% 
decrease in hip flexion strength, and 38% still 
having diminished sensation even after 1  h of 
recovery following the positioning [9]. With this, 
lessening of the table break angle has decreased 
the postoperative neurapraxia seen in our patients. 
Additionally, hips and knees are both bent at 60° 
to relieve tension on the psoas and the lumbar 
plexus/femoral nerve.

Once lateral, several pressure points are iden-
tified and padded or supported accordingly. A 
pillow is generally used beneath the dependent 
knee to pad the peroneal nerve, two additional 
pillows are then placed between the knees to 
avoid an area of potential bony compression as 
well as to abduct the hip which further shortens 
the nondependent psoas muscle. The feet are 
similarly padded to avoid pressure along the 
medial and lateral malleoli. Peroneal nerve com-
pression at the fibular head with resultant injury 
has been reported and can be identified early dur-
ing the case by MEP monitoring that will show 
attenuation should nerve injury be ongoing [10, 
11]. With proper padding, this has not been seen 
in our longstanding cohort of patients.

An axillary roll is also placed for decompres-
sion of the brachial plexus. Traditionally, this has 
included a rolled blanket or a wrapped liter bag 
of saline; with improvements in positioning aids, 
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we currently utilize an appropriately sized gel 
roll based upon the patient’s body habitus. Use of 
gel padding has been shown to more effectively 
reduce pressure under the patient’s shoulder and 
produce a lower chest wall pressure than a bag of 
IV fluid [12]. We position the axillary roll 
beneath the chest wall, allowing for elevation of 
the shoulder and decompression of the plexus. 
This allows for extension of the dependent arm 
and forearm perpendicular to the operating table 
with appropriate padding of the ulnar nerve and 
makes available line access to the anesthesia 
team. Rarely, a long thoracic nerve injury can be 
seen with the chest wall pressure from the axil-
lary roll, but this has not been seen in our experi-
ence [13]. The nondependent arm and forearm 
are similarly extended perpendicular to the table 
and rest on a Mayo stand padded with pillows to 
prevent areas of pressure. It is important to adjust 
the Mayo stand appropriately with any subse-
quent repositioning or elevation change of the 
operative table as table changes during the case 
can change the angle and stress placed on the 
resting extremities. The elevation of the chest 
wall will cause an elevation of the shoulders and 
cervical spine. Without additional support 
beneath the patient’s head, cervical angulation 
would cause stretch on the brachial plexus and 
possible compression of dependent vasculature 
with concern for interruption of cerebral blood 
flow or venous congestion [14]. A large foam 
head holder is utilized with additional bolstering 
material to ensure a neutral position of the head 
and cervical spine. Reusable, inflatable pillows 
are commercially available and can serve as both 
axillary rolls and head elevators with improve-
ment in shoulder and chest wall pressures. 
Implementation of these has not been necessary 
given the rarity of brachial plexus or cervical 
injuries during lateral positioning with our afore-
mentioned arrangement [12].

Once basic patient positioning is established, 
securing the patient to the table is performed in a 
regimented, step-wise fashion, shown in 
Fig. 12.1. Three-inch wide silk tape is utilized to 
secure the patient and make small corrections in 
the rotation of the patient to achieve a true AP 
and lateral view during the case. First, a line of 

tape is run transversely across the iliac crest. This 
tape will wrap circumferentially around the 
patient and table. We ensure that the tape in con-
tact with the patient is flat in order to reduce the 
risk of skin abrasions though direct skin contact 
is important to prevent motion of the patient 
intraoperatively [15]. This initial tape line will 
also initiate the process of orienting the patient 
perpendicular to the operating room floor. The 
second line of tape extends from the crest, at the 
site of the original tape line, caudally along the 
course of the thigh. This will extend distally from 
the knee to be secured to the table. This second 
tape is under subtle traction to bring the ipsilat-
eral iliac crest down, enhancing visualization of 
the lower lumbar spine. A third tape line is then 
directed from the patient’s knee distally along the 
leg, avoiding direct compression of the fibular 
head, again being secured to the table. A further 
line of tape is run circumferentially along the 
upper chest wall, care should be taken to avoid 
tape directly on the nipple or areola; this tape is 
placed with the assistance of fluoroscopy to align 
the vertebral bodies of the lumbar spine to further 
assist in obtaining a true AP and lateral view, 
with gentle rotation as necessary. The position of 
the C-arm fluoroscopy unit is then marked to 
allow for consistent angles with both lateral and 
under-table AP imaging throughout the case. The 
final line of tape retraces the first, making the last 
adjustment to the lower trunk rotation and to con-
firm appropriate visualization with C-arm 
fluoroscopy.

Once the patient is positioned and secured, the 
incision is planned using fluoroscopy. We utilize 
a cross-hair tool (Fig. 12.2) to assist in localizing 
the correct level. With lateral fluoroscopy, the 
crosshairs are aligned atop the center of the tar-
geted disc space; an incision is then drawn along 
the diagonal overlying the disc space. In our 
experience, the most ergonomical and safest 
position is for the operating surgeon to stand on 
the dorsal aspect of the patient, with the C-arm 
base on the ventral side. This minimizes the 
distance to the operative field, particularly with 
obese patients. In our practice, this regimen of 
positioning for elective cases removes the need 
for caudal rib resection to enhance visualization.

12  Spinal Procedures in the Lateral Position
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Following typical preoperative preparation 
including local anesthetic and sterilization of the 
skin with appropriate draping, the procedure is 
carried out in accordance with the typical MIS-

LLIF routine. Care is taken with the superficial 
dissection to avoid injury of the transiting nerves. 
The nerves particularly at risk of injury during 
the exposure include the subcostal nerve, the 
iliohypogastric nerve, and the ilioinguinal nerve. 
These nerves exit the lumbar plexus and are often 
encountered traveling inferomedially atop the 
fascia of the transversalis muscle, deep to the 
internal obliques [16]. Early identification of the 
nerves proves the best way for avoidance of inad-
vertent injury during the initial stages of dissec-
tion. Injury of these nerves can lead to pain, 
numbness, or abdominal wall paresis [17–19].

After developing and entering the retroperito-
neal space, the psoas muscle is identified and the 
lumbar plexus becomes at risk during the next 
portion of the procedure. Traditionally, lateral 
fluoroscopy is used to place a guidewire into the 
operative disc space with active monitoring dur-
ing serial advancement of dilators, culminating 
with a self-retaining retractor system. The ante-
rior half of the disc space, within the sagittal 
plane, is the target of choice to allow for adequate 
discectomy and graft position while decreasing 
the risk of injury to the lumbar plexus. The lum-
bar plexus moves ventrally within the psoas 
muscle the more caudal the spine level; this 
places the neural structures within the psoas at a 
higher risk with lower targeted levels. With this 
in mind, the entry point is moved slightly ventral, 
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Fig. 12.1  The positioning and securing of the patient to the table with sequential placement of 3-in. silk tape bands

Fig. 12.2  The cross-hair tool to assist in incision plan-
ning over the localized, targeted disc space
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up to the 2/3 point of the radiographic disc space 
at the L4/5 level (Fig. 12.3). Prior to placing the 
guidewire, we recommend direct visualization of 
the psoas muscle to ensure the genitofemoral 
nerve (often found running atop the muscle 
within the surgical corridor) is avoided; a Wylie 
retractor is extremely helpful in this endeavor [5, 
16, 18]. Active nerve monitoring during dilation 
of the muscle proves very useful, particularly 
when directional. Rotating a directional probe 
during dilation can prevent inadvertent nerve 
injury, as well as ensures that the retractor is 
opened ventral to the plexus. When docking the 
retractors, inadvertent placement dorsal to the 
plexus could result in ventral nerve retraction 
leading to root stretch and injury [19]. Once the 
psoas is dilated, the retractor is placed and 
anchored, centered on the disc space. The discec-
tomy can be performed with the plexus remain-
ing in safety, posterior to the retractors.

In addition to neural structures, the lateral 
approach to the thoracolumbar spine also places 
vascular structures at risk. During the discec-
tomy, the anterior longitudinal ligament (ALL) is 
maintained intact to preserve a protective barrier 
between the instruments and the abdominal/pel-
vic vessels. The introduction of instruments is 
done in such a way to minimize exposure of the 
vessels to injury. Pituitary and Kerrison rongeurs 

are advanced with the jaws directed dorsally to 
reduce inadvertent injury. The positioning of the 
patient places the structures at risk, but careful 
surgical technique can avoid pitfalls of iatrogenic 
injury.

�Positioning for the Traumatic Spine

In addition to elective lumbar surgery, the lateral 
position is utilized within our practice for thora-
columbar trauma. Regional experience finds fre-
quent thoracolumbar fractures from high-energy 
injuries that result in unstable burst fractures at 
the thoracolumbar junction. With neural canal 
compromise, or when posterior instrumentation 
does not fully stabilize the spine, a lateral 
approach to the fracture is indicated. This 
approach can successfully be utilized for pathol-
ogy up to T10. In our experience, a combined 
procedure with general surgery exposure is ideal. 
An open exposure is preferred over minimally 
invasive due to the patient population and extent 
of the fractures encountered within our practice. 
For procedures on T12 and above, a dual-lumen 
endotracheal tube can be used to provide one-
lung ventilation while deflating the ipsilateral 
lung. In the lateral position, one-lung ventilation 
can precipitate V/Q mismatch with pooling of 

Fig. 12.3  The entry 
point should be placed 
within a “safe zone” 
within the disc between 
the midpoint and the 
ventral 1/3 of the 
operative disc space to 
minimize injury to the 
lumbar plexus
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blood within the dependent vasculature. Though 
this does not preclude the practice, it is a consid-
eration to be accounted for in preoperative evalu-
ation [20].

In general, the patient is positioned in a simi-
lar manner to elective lumbar procedures. If 
MEPs are to be used, a baseline is obtained both 
before, and immediately after, positioning to 
ensure no loss of function in the setting of an 
unstable fracture or potentially compressive frag-
ment. With unstable fractures, attention is also 
given to maintaining neutral alignment during 
the transition from the stretcher to the operative 
table. A slide board, log-rolling, and multiple 
assistants are often indicated to ensure safe align-
ment during positioning.

A standard flat-top bed is utilized with a bean-
bag with vacuum seal positioned beneath the 
patient and form-fit to maintain stability of the 
torso throughout the procedure. The lateral mar-
gin of the beanbag should remain below the level 
of the spine, so as to not obstruct AP fluoroscopy. 
The table can be left either flat, or with a slight 
break should a Skytron bed be utilized; the iliac 
crest is not an anatomic barrier for this level, and 
the break, if used, is generally for surgeon ergo-
nomics. A right lateral decubitus position is pre-
ferred to avoid the obstruction of the liver at the 
surgical level, as well as to encounter arterial, 
rather than venous, anatomy on the surface of the 
spine. An axillary roll is appropriately positioned, 
and the patient is secured with traditional straps 
as well as tape. Without the crest as an anatomic 
obstruction, the full, regimented taping protocol 
of the elective thoracolumbar access is not 
required. Foam and pillow padding is placed over 
pressure points with attention to the ulnar nerves, 
the dependent peroneal nerve, between the 
patient’s knees, and the malleoli of both ankles in 
a similar manner as during elective cases. The 
upper extremities are positioned out from the 
torso in a similar manner to elective cases. This, 
again, offers decompression of the plexus, 
peripheral nerves, and pressure points, while 
allowing access to lines by the anesthesia team.

With the patient secured, intraoperative fluo-
roscopy is utilized to identify the surgical level 
and to assist in planning of the surgical incision. 

In our practice, an experienced general or trauma 
surgeon is relied upon for the retroperitoneal 
access, with or without reflection of the diaphrag-
matic attachments; this also is of use in the event 
the vascular anatomy is obstructing direct access 
to the vertebral body [21]. A lateral transverse 
incision is used for initial skin opening. The 
access surgeon will perform the exposure in a 
retro- or transperitoneal approach as required by 
the patient condition, additional injuries, and 
nature of the procedure. The Bookwalter retrac-
tor system is generally preferred and remains in 
place following the exposure, but it is important 
to utilize radiolucent retractor blades to enable 
radiographic visualization during the spinal por-
tion of the case.

Once the spine is properly exposed and the 
abdominal contents are out of the surgical field, 
the spinal portion of the procedure can begin. 
The lateral approach will expose the radicular 
arteries that travel circumferentially from the 
aorta, around the midportion of the vertebral 
body, before entering the spinal canal via the 
neuroforamina. As these vessels contribute to the 
vascular supply of the spinal cord, and the artery 
of Adamkiewicz can be found in the region, care 
must be taken when exposing the levels and per-
forming vertebrectomies. If the vessel must be 
taken, it should be ligated and transected sharply. 
It is preferable to limit the arterial sacrifice, when 
possible, to unilateral and to no more than three 
segments to minimize the chances of cord isch-
emia and infarction [22–24].

With a large exposure, a traumatic injury of 
the spine can be repaired with appropriate bony 
and disc removal, graft or strut placement, and 
lateral instrumentation as necessary. The lateral 
position lends itself to harvesting iliac crest graft, 
if desired. Wide prep and draping during the ini-
tial positioning should take this into account to 
ensure adequate exposure to allow the harvest. It 
is not uncommon in our practice to supplement a 
lateral corpectomy for trauma with posterior 
instrumentation. The neural element decompres-
sion and anterior/middle column stabilization is 
best performed from the lateral approach, but 
with the forces often involved in these injuries, a 
cage and lateral plate is often insufficient to 

M. T. Brown et al.



155

restore stability. For this, an additional posterior 
instrumentation, open, or often minimally inva-
sive, is utilized to further regain structural stabil-
ity and increase the chances of a solid fusion 
across the injury. Our current practice is to repo-
sition for prone, posterior pedicle fixation, though 
other posterior instrumentation techniques from a 
lateral position have been described [25].

�Physiologic Considerations

Lateral positioning changes several physiologic 
parameters that should be considered when plan-
ning for the anesthetic portion of the case. For 
respiratory considerations, the lateral position 
has been shown to decrease both vital capacity 
and tidal volume by 10% in awake subjects. This 
decrease is mitigated by the placement of an axil-
lary roll in that a mildly suspended chest wall has 
improved compliance and decreases peak infla-
tion pressures, possibly improving cardiac output 
and oxygenation that would be otherwise affected 
by positioning. The angulation of the table across 
the break has also been shown to decreased 
forced vital capacity when compared to flat lat-
eral positioning due to decreased pulmonary 
compliance. Additionally, the lateral position can 
create a V/Q mismatch due to the vertical fluid 
static pressure gradient within the pulmonary 
vasculature. This becomes more important when 
single-lung ventilation is utilized in the thoracic 
spine [20].

In addition to pulmonary consideration, the 
vascular system is also affected by the lateral 
positioning. Significant venous pooling can occur 
within the dependent extremities which can cre-
ate a type of “third-spacing” of the intravascular 
volume of up to 1 unit of blood. This can become 
more significant in patients with additional tho-
racic or abdominal pathology that can cause 
venous caval compression that can lead to hemo-
dynamic instability. Further, the vertical gradient 
across the patient’s body can also lead to changes 
in blood pressure readings in the dependent 
extremities. Due to fluid static pressure, the sys-
temic blood pressure reading can change by 
2 mmHg per in. of height difference across the 

body. With this in mind, it has been recom-
mended that the blood pressure cuff be placed on 
the nondependent arm; this practice not only 
avoids incorrect measurements due to additional 
body weight compression, but also will read 
lower, so as to avoid any inadvertent hypotension 
that could potentially exacerbate a compromised 
cord vascular supply [20].

�Complication Avoidance

The lateral position provides a direct surgical 
corridor to the thoracolumbar junction and tho-
racic spine, but does still present risk to the 
patient from the positioning itself. Many key 
positioning maneuvers have been developed 
from attempts at complication avoidance and 
assisting in surgical exposure. In addition to 
those listed previously, there are several 
positioning-related complications that can be 
avoided with careful attention to the patient prior 
to the skin incision.

Any prolonged surgical procedure can place 
the patient at risk for dependent decubitus ulcers. 
The lateral position, in particular, exposes sev-
eral bony prominences to direct contact with the 
surgical table and support equipment. The lateral 
aspect of the ankle, knee, greater trochanter, iliac 
crest, chest wall, humeral head, and the parietal 
boss are all in line with the surgical table, and the 
upper extremities, when flexed at the shoulder, 
will also likely rest on solid support surfaces. 
Studies indicate that ulcers can develop follow-
ing the first 1–4 h of positioning over bony prom-
inences [26, 27]. For this, each bony prominence 
that is contact with a solid surface must be care-
fully checked and either padded or repositioned. 
A full-table load dispersing gel-pad is used as the 
base layer for our surgical beds, but additional 
foam or pillow padding is added for each pres-
sure point on the patient. The axillary roll placed 
along the chest wall decompresses the plexus as 
well as the shoulder though it can increase the 
pressure measured at the chest wall [12]. For this, 
our institution has moved from use of a wrapped, 
liter bag of saline to gel rolls for reduction in local 
pressure; reusable, inflatable pillows have also 
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been advocated for this purpose to further reduce 
chest wall pressure [12, 28, 29]. Attention at this 
stage of the procedure can prevent serious mor-
bidity to the patient and should be a priority, 
regardless of the expected length of the proce-
dure given the rapid nature of onset of ulcer 
formation.

Though the lateral position is typically uti-
lized for thoracolumbar pathology, the upper 
extremities are of key importance during the 
positioning, and many nerves of the upper 
extremities are placed at risk, including the bra-
chial plexus itself. The dependent shoulder is 
addressed with an axillary roll to reduce pressure 
on the joint and the bony prominence, but allevi-
ating the pressure on the shoulder also reduces 
the risk of compression of the plexus by the 
humeral head. The placement of the axillary roll 
is crucial in that it can reduce the tension on the 
plexus by rotation of the arm out from beneath 
the chest, but the roll can also injure the plexus 
with direct compression if placed within the true 
axilla rather than along the superior chest wall. 
Compression of the long thoracic nerve from 
placement of an axillary roll has been reported 
though this is uncommon [13]. Attention to 
placement of the roll out of the axilla and, as sug-
gested by Ameri et al., 10 cm distal to the axillary 
folds can avoid this rare complication. 
Overflexion of the shoulder should be avoided; 
we typically limit this to approximately 90°. Full 
supination and elbow extension can also stretch 
the descending nerves and should be avoided. As 
previously shown, peripheral nerve injury can 
occur with nerve stretch greater than 5–15% of 
baseline length [30]. In addition to the dependent 
arm and plexus, the nondependent upper extrem-
ity also faces positioning risk. Similar to the 
dependent arm, shoulder flexion greater than 90° 
and full elbow extension should be avoided to 
prevent nerve stretch. Over pronation also 
exposes the ulnar nerve to a greater chance of 
compression at the elbow. Cervical traction 
caused by lateral neck flexion can place stress on 
the nondependent plexus and should be mitigated 
by placement of a pillow to support the head [29].

Typically, the prone position raises the great-
est concern for postoperative vision loss (POVL), 

but it has been reported in the lateral position. 
Posterior ischemic optic neuropathy (PION) is 
the most common cause of POVL, and most 
cases are associated with prolonged cases within 
the prone position [27, 30]. In reported cases per-
formed in the lateral decubitus position, it is often 
felt that hypotension and anemia are causative 
factors. While in the lateral position, maintaining 
a stable blood pressure, avoiding overhydration 
with crystalloid, treating preoperative and intra-
operative anemia, and minimizing operative time 
can reduce the risk of PION [31]. Further, the 
dependent eye can also be subject increased 
intraocular pressures; this can be mitigated by 
ensuring a neutral position of the neck with head 
support/pillow and maintaining the head at, or 
above, the level of the patient’s heart during the 
procedure [27]. Direct compression of the depen-
dent eye in the lateral position is less likely than 
while prone with use of a horseshoe head holder, 
but vigilance to ensure no globe compression can 
reduce the risk of causing a drop in ocular perfu-
sion pressure. When PION does occur, asymmet-
ric bilateral visual loss is seen, with more 
involvement of the dependent eye [31]. 
Additionally, postoperative visual disturbances 
and ocular pain can be seen secondary to corneal 
abrasion, most commonly in the dependent eye; 
in our experience, abrasions can be successfully 
avoided with tegaderm coverage overlying 
closed eyes and avoidance of any direct compres-
sion of the globe.

Another rare, but reported, complication of 
spine surgery while in the lateral decubitus posi-
tion is unilateral parotid enlargement, otherwise 
known as anesthesia mumps. The complication is 
seen following surgeries in the prone or lateral 
decubitus position. Though the exact etiology is 
unknown, it is seen following prolonged cases 
and is often thought to be associated with intuba-
tion/extubation trauma to the parotid duct, exter-
nal compression on the lateral face, or secondary 
to the use of certain anesthetic medications that 
predispose to stimulation of the salivary glands. 
Presenting with unilateral fullness and firmness 
of the parotid gland with painful sensations and 
lack of parotid secretions, the symptoms can last 
several minutes to several days. The condition is 
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self-limiting and the treatment is supportive in 
nature, with NSAIDs, rehydration, and reassur-
ance. To avoid this complication during spine 
surgeries in the lateral position, a soft, foam 
head-pillow is utilized to support the patient’s 
face while avoiding extrinsic compression, and 
rotation of the neck is avoided to maintain good 
venous drainage. Premedication with anticholin-
ergic drugs can also be considered to reduce 
secretions [32, 33].

�Conclusion

Placing a patient in the lateral position for a spi-
nal surgery provides many benefits. Some of 
these include access to the anterior columns of 
the spine with reduced approach morbidity, direct 
visualization of the vertebral body and disc space, 
and morbidity avoidance from muscle damage 
incurred during posterior exposures. With the 
benefits gained, the approach also places the 
patient at new risks from the unique positioning 
demands. The majority of these risks include 
proximity to abdominal and vascular structures 
during the procedure as well as the risk of nerve 
damage from stretch or direct injury. These risks 
can be successfully mitigated with careful atten-
tion to the positioning of the patient on the table 
and the joints and extremities with respect to the 
body. By correctly positioning, padding, and 
minimizing extremes, the lateral position can 
provide spine surgeons with an alternative and 
safe approach to treat various thoracic and lum-
bar spine pathologies.
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�Introduction

Spinal surgeries performed through a posterior 
approach include posterior decompression at any 
level, thoracolumbar pedicle screw instrumenta-
tion and fusions, cervical decompressions and 
fusions, and many lumbar interbody fusions. 
While the sitting position can be used for some 
posterior cervical decompression surgeries such 
as the foraminotomy, the prone position is used 
for most posterior spinal surgery given its practi-
cality and ease of approach to the surgical target. 
However, spinal surgery in a prone position 
includes various technical considerations and 
complications of which surgeons must be cogni-
zant. These considerations can vary from one pro-
cedure to the next depending on the pathology 
being treated and the location of the pathology.

�Preoperative Assessment

By virtue of the physiologic impact of placing 
someone in a prone position, careful consider-
ation must be given to the preoperative assess-
ment of patients. Preoperative assessment should 
include attention to patient medical comorbidi-
ties, body habitus, breast and/or waist size, and 
length of the procedure. In spinal fractures, one 
should also consider the nature of the fracture 
and its stability or instability.

Positioning a patient face-down on the chest 
for prolonged periods of time requires attention to 
preexisting pulmonary conditions such as chronic 
obstructive pulmonary disease (COPD), bronchi-
tis, restrictive pulmonary disease, and rib frac-
tures. Preoperative pulmonary function testing 
should be considered for patients with significant 
pulmonary history, especially those with COPD. 
Similarly patients with significant cardiac history 
should also undergo a thorough preoperative 
assessment by a cardiac specialist. Prone posi-
tioning has been noted to result in significant 
hemodynamic and ventilation changes producing 
decreases in cardiac venous return as well as 
increases in systemic pulmonary and vascular 
resistance [1]. Such hemodynamic changes in 
conjunction with preexisting cardiac or pulmonary 
disease can significantly impact a patient’s status 
in prone position.
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Patients with spinal cord compression and/or 
myelopathy must be carefully assessed for their 
ability to assume desired surgical position with-
out becoming further symptomatic prior to sur-
gery. Preoperative assessment for such patients 
should include an examination of the patient as 
they carefully and slowly extend their neck to 
determine whether any worsening of their condi-
tion or new symptomology is produced. If any 
degree of extension does produce new or worsen-
ing symptoms, then it is a clear indication that 
such maneuvers should be avoided during the 
intubation and anesthesia process. Specific con-
siderations revolving around positioning with 
unstable fractures or severe spinal cord compres-
sion will be covered in a later section, when 
positioning in the setting of specific pathologies 
is discussed.

�The Full Prone Position

�Preparations

The ability of the cervical spine to sustain the 
manipulation necessary for laryngoscopy and 
intubation as well as the ability of the spine to 
sustain turning, all under conditions of muscle 
relaxation, should be clearly understood by all 
members of the surgical team.

After induction of general anesthesia and intu-
bation steps are taken to ensure a safe and suc-
cessful transfer of the patient from a supine 
position on the hospital bed to a prone position 
on the operative table. For preparation of the 
operating room table, we place a covering or bed 
sheets over the padding of the table. For Jackson 
tables in an open configuration, the chest, pelvic, 
and knee supports should be appropriately cov-
ered typically with pre-fit covers for the chest and 
pelvic pads and foam pads for the knee support 
plate. For Jackson tables in a closed or flat-top 
configuration or with other “closed” operative 
tables that do not allow the abdomen to hang free, 
prone position surgery will require either chest 
rolls or a support frame, typically a Wilson frame. 
Chest rolls may be conventionally available gel 
rolls or they can be constructed from blankets or 

sheets that are tightly rolled and secured with tape. 
The advantage of chest rolls constructed in this 
method is that they can be customized for the 
patient in both length and girth. When a Wilson 
frame is used, it should be covered with a bed 
sheet or other covering typically with generous 
overhang so as to allow operating room staff and 
surgeons to utilize this for manipulation of the 
patient’s body after turning to a prone position 
(Fig.  13.1). If bed attachments are required for 
self-retaining or tubular retractions systems or 
other devices, these should be evaluated prior to 
draping and also evaluated to ensure that place-
ment does not interfere with fluoroscopy.

If the surgical case may require rapid volume 
repletion, blood product transfusion, close arte-
rial pressure monitoring, or close volume status 
monitoring, then appropriate catheters for cen-
tral venous or arterial access should be placed 
prior to turning into the prone position. Similarly, 
leads for neurophysiologic monitoring should 
also be placed prior to turning the patient. All 
electrocardiogram (EKG) leads must be removed 
from the chest, or any place where they could 
end up compressed between the table support 
system and the skin or contribute to artifact on 
the X-ray once the patient is prone. Foley catheters 
should be placed prior to prone positioning, in 
cases that are anticipated to take longer than 2 h. 

Fig. 13.1  A Wilson frame is placed on a Jackson table. 
The Wilson is covered with a bed sheet to protect the 
patient’s skin and also to facilitate easier manipulation of 
the patient by utilizing the sheet to lift and adjust the 
patient’s body
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Sequential compression devices should be 
employed routinely and activated prior to induc-
tion of general anesthesia.

If a cervical spinal procedure is to be per-
formed, the patient will most likely require place-
ment of the Mayfield three-pronged head holder 
prior to turning. For adults, we utilize 50–60 
pounds of force for the head clamp—more force 
can be used, but should never exceed 80 pounds. 
Prior to placing the head holder on the patient, 
the surgeon must ensure that the patient is ade-
quately anesthetized to avoid significant changes 
in vital signs such a sudden increase in blood 
pressure or heart rate. The surgeon should always 
assess the Mayfield bed attachment as well, 
ensuring that it is securely attached to bed prior 
to turning the patient.

�Types of Tables

Standard operative tables, such as the Mizuho 
Skytron table, do not provide an opening to allow 
the abdomen to hang freely, are the most com-
monly utilized operative tables. In prone position 
spinal surgery, these standard beds are often uti-
lized for posterior cervical procedures and lum-
bar decompression or discectomies. These tables 
are not ideal for fusion procedures where the 
pedicles and other specific bony anatomy must 
be visualized in an anterior-posterior fluoroscopy 
view, as the bed construct is not radiolucent and 
significant obstructions will be encountered on 
intraoperative fluoroscopy—such as the pedestal 
in the middle of the table. When utilized for cer-
vical procedures, the bed is often prepared with 
chest rolls as mentioned previously and three-
pronged head holders such as the Mayfield head 
holder. One beneficial aspect of certain Skytron 
tables is the ability to slide the table surface either 
toward the head or feet. This improves ease of 
C-arm fluoroscopy positioning by allowing 
manipulation of the level of interest away from 
the table pedestal. It is always important to ensure 
that the table surface is positioned appropriately 
with regard to the table base which can impede 
C-arm movement.

Fusion procedures in the prone position bene-
fit from utilization of the Jackson operative table. 
The Jackson table is fashioned in one of two 
configurations for prone position spinal surgery. 
An “open” configuration allows the patient’s 
abdomen to hang free without compression, 
reducing intra-abdominal pressure, which in turn 
reduces venous pressure in the thoracolumbar 
region allowing for reduced venous bleeding dur-
ing the procedure (Fig. 13.2). This configuration 
is typically favored for transforaminal lumbar 
interbody fusions (TLIFs), posterior lumbar 
interbody fusions (PLIFs), and thoracolumbar 
pedicle screw fixations. The open configuration 
allows for natural lumbar lordosis, which is use-
ful when the goal is fusion of the thoracolumbar 
spine in a natural alignment. The Jackson table is 
radiolucent allowing for unobscured fluoroscopy 
and anteroposterior imaging during instrumenta-
tion and interbody graft placement for thoraco-
lumbar fusion procedures.

A “closed” or “flat-top” configuration is also 
utilized for thoracolumbar fusion procedures, 
especially where interbody placement is not 
required. Furthermore, it is often preferred in the 
setting of unstable thoracolumbar fractures where 
the additional abdominal freedom and conse-
quent lack of support of an open configuration 
may result in worsening of the fracture. It serves 
to provide similar benefits in terms of radiolucency 

Fig. 13.2  An open configuration of Jackson frame allows 
the patient’s abdomen to hang free assisting in reducing 
intra-abdominal pressure and in turn helps reduce venous 
pressure and bleeding
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of the frame. When utilizing the Jackson table, 
one should always consider the position of the 
table ends which are adjustable and permit a 
change in the overall table height as well as 
allowing either a Trendelenburg or reverse-
Trendelenburg positioning. There is a pin in 
place, holding each end of the table at its set 
height, and it should be confirmed that these pins 

are set appropriately prior to transferring the 
patient to the table (Fig. 13.3). For patient safety, 
these ends must be adjusted prior to transferring 
the patient to the table.

The Wilson frame, the frame most commonly 
used by present authors, is radiolucent and when 
coupled with a closed Jackson table allows for 
unobscured fluoroscopy in both anteroposterior 
and lateral views. Wilson frames comprise two 
parallel bolster pads which can be widened or nar-
rowed and are adjustable typically by a crank on 
the side of the frame which allows the arch of the 
pads to be raised or lowered. This manipulation of 
the pads is designed to allow the surgeon to alter 
the patient’s sagittal lumbar alignment as desired 
for a procedure [2] (Fig. 13.4). In the setting of 
lumbar decompression and discectomy proce-
dures, the Wilson frame is often utilized to allow 
for flexion of the torso and abdomen, increasing 
sagittal flexion of the lumbar spine, splaying the 
lamina, and enlarging the interlaminar operative 
corridor for these procedures. Care should be taken 
if any fusion procedure is done with the Wilson 
frame, as the same properties that are advanta-
geous for decompression can cause problems 
with fusion. If instrumentation is performed with 

Fig. 13.3  Jackson tables can be adjusted as needed for 
either Trendelenburg or reverse-Trendelenburg by adjust-
ing the large pins at the head and tail end of the table. 
Such adjustments must be done prior to transferring the 
patient to the table

Fig. 13.4  The Wilson frame is seen here on a Jackson 
table. The Wilson frame comprises two parallel bolster 
pads which can be adjusted by utilizing the crank shaft on 

the side of the frame which allows the pads to be raised or 
lowered in effect allowing the surgeon to alter the patient’s 
sagittal alignment as needed
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the Wilson framed raised, it can cause fusion in a 
“flat back” alignment, with loss of the lumbar 
lordosis. Use of the Wilson frame has been associ-
ated with decreased cardiac output and reduced 
venous return with resulting effects on hemody-
namics in prone position spinal procedures [3].

�Turning the Patient Prone

After adequate preparations have been made for 
the patient to be turned prone on the selected 
operative table, careful cooperation is required 
for the actual act of turning the patient prone 
from a supine position. Turning the patient 
requires at least four people. It is recommended 
that at least two team members assist with the 
patient torso, one to push and turn and the other 
to catch the patient on the side of the operative 
table. A third person, generally the anesthetist, 
controls the patient’s head. If the patient has an 
unstable cervical fracture, or if the patient’s head 
is in pins, it is preferred that a surgeon control the 
head. A fourth member of the team should help 
with the patient’s legs while positioning. All lines 
and catheters must be carefully prepared and 
transferred throughout this process. The endotra-
cheal tube, once secured to the patient, must be 
disconnected during the turning process.

When the table is prepared as above, the team 
must level the hospital bed slightly higher than 

the operating table. The patient or bed should be 
slid so that the patient’s chest is slightly closer to 
the head of the operating table than the chest pad 
or chest roll. The patient will travel a decent 
distance while being rolled prone, but if they are 
far from the operating table, they should be slid 
toward the table before rolling. When utilizing a 
Wilson frame or hip padding on an operative 
table, ensure that the patient iliac crest will line 
up with the center or apex of the frame and the 
superior aspect of the pad (Fig.  13.5). Often, a 
pad should be placed between the patient’s arm 
and the frame of the operating table to avoid 
cutaneous injury during the flip. Elderly patients 
are at highest risk for these problems, such as 
degloving injuries.

Once everything is prepared, the team member 
responsible for the patient’s head counts down 
before the turn. In this way, the patient’s head, 
torso, and legs can be turned as a single unit. The 
team member responsible for catching the 
patient’s torso should do so with one or both arms 
under the patient. This makes it easier to reposi-
tion the patient as needed. To help the surgical 
team avoid back injury, the operating table should 
be high enough so that the team members do not 
need to stoop over while positioning the patient. 
Extra lifting help should always be called for 
when positioning large patients.

Once turned onto the operative table, any 
adjustments that are necessary should only be 

Fig. 13.5  The patient is 
being prepared to turn to 
a prone position on a 
Wilson frame. Note that 
the foam facial/head rest 
has already been placed 
on the face with the 
endotracheal tube within 
the designated recess 
(arrow). The patient’s 
iliac crest should line up 
with the center of the 
Wilson frame for 
optimal positioning 
(dotted line)
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made once all catheters are secured, the patient 
limbs and genitalia are safe, and the anesthetist 
has communicated continued control of the endo-
tracheal tube.

�Full Prone Position

One should ensure that breasts are positioned 
medially and/or inferiorly with the nipples free of 
compression when positioned on a Wilson frame 
or chest rolls. Patients with large or procedurally 
augmented breasts may pose a challenge for 
positioning and one should consider wide-based 
frames or chest rolls to accommodate large 
breasts. Foam padding should be utilized when 
necessary to ensure that any breast or abdominal 
tissue hanging laterally is appropriately protected 
from the bed frame. Similarly, the patient genita-
lia should be inspected to ensure that they are 
free of any compression. It is particularly impor-
tant to ensure that both testicles and penis are free 
of compression when positioning male patients. 
Take care to ensure that the penis is hanging free 
with the testicles and is not compressed between 
a frame or table and the patient’s leg. When the 
genitalia are in close vicinity to the bed frame, 
the temptation exists to place foam between the 
frame and the patient’s anatomy. Care should be 
taken to be sure that this foam does not introduce 
a compression that did not previously exist. 
Generally, if there is no contact between the anat-
omy and the frame, foam is not required.

The arms are then positioned according to the 
procedure being performed and are typically 
placed inferiorly or superiorly on arm boards in a 
prone-surrender or “superman” configuration 
(Fig. 13.6) or are tucked to the patient’s side. The 
use of oversized hip pads for a thin patient will 
sometimes allow the arms to be tucked to the 
sides, supported by the excess hip pads, even 
when using an open Jackson table. Foam padding 
is utilized under the arms where they contact the 
arm boards or table frame. If the arms are posi-
tioned superiorly on arm boards, they should 
appear relaxed and should not be abducted 
greater than 90° or overextended, as this has been 
associated with increased risk for brachial plexus 

injury [4]. Arms should be padded at the elbow to 
protect the ulnar nerve on the medial aspect, and 
also at the hand to keep the hand in a safety posi-
tion as much as possible (Fig. 13.7). The axilla 
should be free of any compression. If it appears 
that the shoulder is unsupported or is coming in 
contact with the table frame, care should be taken 
to pad the shoulder and not place padding up into 
the axilla.

The head is placed into a foam head rest (face 
pillow) if a three-pronged head holder is not uti-
lized. Often the foam head rest or face pillow will 
be placed over the patient’s face prior to turning 
as it will allow from proper fitting of the facial 
structures and endotracheal tube and minimize 
head and neck manipulation once the patient has 
been turned to the prone position (Fig. 13.5). The 
patient’s neck should be maintained in a neutral 
position and free of compression anteriorly while 
in the foam head rest with care taken not to over-
extend the neck. Significant flexion of the neck 
should also be avoided when possible as this 
can create problems to venous return, ventilation, 
as well resulting in decreased blood flow to the 
brain and spine due to effects on carotid and 
vertebral arteries [2].

The patient’s chin should be inspected to 
ensure that it is free of constant external pressure 
or contact. The head and face must carefully be 
inspected as well to ensure that there is no com-
pression of the nose, eyes, or other facial elements. 

Fig. 13.6  The patient is placed in a prone position for a 
lumbar spinal procedure with his arms in a “superman” or 
prone-surrender position on arm boards. Foam padding is 
utilized to protect the skin and peripheral nerves
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The lips and tongue must be inspected to ensure 
that they endure no compression, especially by 
the endotracheal tube, as the lips or the tongue 
can be pinched between the endotracheal tube 
and the teeth. A bite block is utilized to avoid 
pressure injury to the tongue when necessary. 
The patient’s eyes should be taped closed with 
clear, thin tape or Tegaderm™ to protect the eyes 
from direct injury such as corneal abrasions or 
lacerations and from the possibility of chemical 
injury from skin sterilization agents. Alcohol and 
chlorhexidine gluconate will both cause corneal 
scarring and opacification if they reach the eye, 
but even detergents in scrub solutions can be 
problematic for the eye.

For all prone position surgeries, it is very 
important to ensure that the patient’s eyes are 
completely free from any external pressure. 
Additionally, the patient’s head should ideally be 
elevated above the level of the heart in an effort to 
prevent increased intracranial pressure and also 
increase intraocular pressure, which may rarely 
lead to ischemic injury and blindness. One advan-
tage of placing the head in pins is to avoid ocular 
pressure, and one may consider utilizing the 
Mayfield even for lumbar cases for this reason. 
Although, there are studies that suggest that the 

complication of blindness in prone position surgery 
is as common in the setting of significant blood 
loss and low blood pressure as it is in the setting 
of direct compression of the globe [5, 6].

Foam or other padding is required where the 
knees contact the table. Knees should be flexed 
and the shins padded so that the toes are not under 
contact pressure. The patient’s body should then 
be carefully secured to the operative table with 
straps extending across the torso when possible 
and also across the buttocks, ideally in a slight 
cranio-caudal direction as a sling-like support 
should the patient need to be put into a significant 
reverse-Trendelenburg position (Fig. 13.8). Foam 
padding is placed between the patient and the 
strap to protect the skin from direct compression 
by the straps and to keep the strap edges from 
cutting into the skin.

�Cervical Spine Procedures in Prone 
Position

Spinal pathology for prone position surgery can 
be categorized as either degenerative, infectious, 
neoplastic, or traumatic. Although some of these 
pathologies may be glacially unstable, here we 

Fig. 13.7  The patient is placed prone on an open config-
uration Jackson table with arms in a “superman” or 
prone-surrender position. It is important to ensure that 
the arms are in a relaxed position and not overextended or 
abducted greater than 90°. Again foam padding should be 

utilized to protect the soft tissue from pressure injury and 
also the peripheral nerves, especially the ulnar nerve. 
Note that the axilla is also padded with foam to protect 
the brachial plexus
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will group degenerative, infectious, and neoplastic 
stable pathologies to describe considerations 
specific to this group with regard to prone posi-
tioning of the patient. Prone positioning for trau-
matic spinal fractures will be described for 
special considerations differentiating unstable 
and stable fractures.

Posterior cervical spinal procedures for degen-
erative pathology include cervical foraminoto-
mies, laminectomies, and instrumentation and 
fusion procedures such as subaxial fusion, C1–2 
fusion, and occipito-cervical fusion. Infectious 
pathologies that may require surgical interven-
tion from a posterior approach include epidural 
infections and osteomyelitis causing deformity or 
instability. Neoplastic pathology in the cervical 
spine requiring prone positioning includes poste-
riorly located primary tumors of the neuraxis or 
axial skeleton, metastatic disease involving the 
cervical spine, and even anteriorly located pathol-
ogy if the surgical goal is only posterior decom-
pression. Neoplastic lesions may also result in 
instability requiring posterior fixation; however, 
positioning considerations for unstable patho-
logic fractures of both neoplastic and infectious 
etiology will be discussed more in depth later, in 

the section reviewing positioning management 
for unstable cervical fractures.

In patients with significant cord compression 
and acute myelopathy, every effort should be 
made to minimize extension of the patient’s neck 
and keep the patient as neutral as possible. Awake, 
fiber-optic intubation may be the best option as it 
will allow for clinical assessment of the patient 
during and after intubation. Myelopathic patients 
are overall best served to have their necks kept 
inline and neutral during the intubation process 
with minimal manipulation. If the patient is exam-
ined preoperatively and has new symptoms with 
neck extension, then great care must be taken in 
the operating room with intubation and position-
ing. The surgeon should always be present to 
help keep the cervical spine held manually in a 
neutral position during the intubation process in 
such a setting.

A preoperative discussion between anesthesia 
and the surgeon should include the use of neuro-
physiologic monitoring, presence of myelopathy, 
and desired blood pressure parameters. Volatile 
anesthetics will suppress sensory evoked poten-
tials to varying degrees and full paralytic dosing 
will cause loss of motor evoked potentials. 

Fig. 13.8  The patient is positioned prone on an open 
configuration Jackson table. All pressure points are padded 
appropriately with foam padding. Note that the table is 
arranged in a reverse-Trendelenburg position by adjusting 
the head of the Jackson table (blue arrow). Also note that 

the patient has a padded strap placed around the buttock in 
a cranio-caudal direction as a sling-like support (yellow 
arrow). The patient’s legs and feet are kept slightly elevated 
with pillows
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Maintaining mean arterial pressures greater than 
85  mmHg has been thought to be related to 
improved outcomes in spinal cord injury patients 
[3]. Attempting to reduce epidural venous bleed-
ing and ocular pressure by lowering venous pres-
sure with reverse-Trendelenburg positioning can 
also impact venous return to the heart and arterial 
blood pressure causing hypotension and conse-
quently reducing spinal cord perfusion [2, 7]. The 
surgeon should speak with anesthesia about 
anticipating such a drop in blood pressure when 
positioning for maximal venous drainage and the 
team must appropriately correct the arterial blood 
pressure according to the goals that have been 
set. Such considerations are particularly impor-
tant in patients that are suffering from acute 
myelopathy.

Degenerative, neoplastic, and infectious cervi-
cal spine procedures are typically performed uti-
lizing either a Skytron adjustable operative table or 
Jackson table. The latter is beneficial in cases 
involving the lower cervical or upper thoracic 
spine, or in patients with short or stout necks, 
where fluoroscopy could be challenging. The 
Jackson table is also preferred in any case requir-
ing anteroposterior fluoroscopy. Most posterior 
cervical cases are best positioned with Mayfield 
Infinity three-pronged skull clamp system with 
appropriate table attachment—placement of the 
head clamp has been covered previously in the 
preparations section. Patients are typical placed 
neutral (fusions/instrumentation) or slightly flexed 
(decompression/foraminotomy) when no central 
compression or myelopathy is present (Fig. 13.9). 
Care must be taken to keep patients neutral while 
actively transferring them from a supine position 
to the prone position.

Patients in the prone position on a Skytron 
table are placed on chest rolls, detailed above in 
the preparations section. If the patient is flexed in 
pins, the surgeon must inspect the patient’s chin to 
be sure that it does not contact the table. Arms 
should be secured to the patient’s side and tucked 
with all pressure points appropriately padded as 
described previously. If done on a Jackson table, 
the arms boards should be down at the patient’s 
sides. Fluoroscopy should be brought in at this 
point for lateral fluoroscopy if it is needed and 

assess whether shoulder taping will be required to 
achieve sufficient lateral X-rays for the procedure. 
If shoulder taping is required, one must ensure 
that the tape does not involve any electrical leads 
or anesthesia lines. One should also avoid consid-
erable posterior retraction of the shoulder or 
overly retracting the shoulder inferiorly as this 
may result in an injury to the upper trunk of the 
brachial plexus. When using a Jackson table, we 
place the head of the bed in one of the top three 
slots and the foot of the bed in the bottom slot 
prior to placing the patient on the bed to allow for 
a degree of reverse Trendelenburg. Regardless of 
the bed type, most posterior cervical procedures 
should be performed with the patient head above 
the level of the heart (reverse Trendelenburg) to 
provide a more physiologic state for the patient, 
better visualization in the operative field, reduced 
venous pressure and venous bleeding, and reduced 
intraocular pressure which can notably increase 
with prone positioning [8]. Arterial pressure 
changes must be accounted for and corrected 
appropriately when specific blood pressure 
parameters are required.

If neurophysiologic monitoring is to be uti-
lized, this should be placed prior to positioning 
the patient prone. Pre- and post-positional 
SSEPs/MEPs should be performed to ensure that 
positioning has not created a significant change. 

Fig. 13.9  Posterior cervical spinal procedures are often 
done utilizing the Mayfield three-pronged skull clamp for 
positioning. As seen here, it is important to keep the 
patient’s neck in a neutral position or slightly flexed 
depending on the pathology being treated. Here, the 
patient is placed on a Skytron operative table on chest 
rolls with arms padded and tucked to the side
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Care must be taken when utilizing neurophysio-
logic monitoring as intermittent stimulation can 
result in movement and twitching of arms and 
legs. As such, arms and legs must be secured 
well in anticipation of such movement. 
Furthermore, the tongue and lips must carefully 
be padded and protected typically with a bite 
block in place to keep stimulated contraction 
from resulting in bite-related injury.

�Unstable Cervical Pathology

For cervical fractures deemed unstable, it should 
be communicated to the anesthetist that the 
patient have minimal manipulation of the neck 
during intubation. Consideration should be given 
to fiber-optic intubation, potentially with the 
patient awake to allow pre- and post-intubation 
neurologic examination. Patient transfer should 
occur with the patient’s cervical spine supported 
with a rigid collar such as Miami J or Aspen and 
maintained in a neutral position with minimal 
manipulation. If the collar needs to be removed, 
the surgeon should be at the bedside to assist in 
keeping the neck supported and neutral. If the 
patient is positioned with a collar in place, it can 
be removed after the patient’s head is fixed in the 
three-pronged head holder or in traction if appro-
priate. Patients with unstable pathology and spi-
nal cord compression should also have strictly 
maintained blood pressure parameters through-
out positioning and the procedure.

Often in the setting of fracture dislocations, 
manual reduction is needed to successfully reduce 
fractured vertebrae from an abnormal position 
prior to fixation. Surgeon, anesthetist, and OR 
staff should have a clear discussion about this 
prior to surgery and the steps involved for such a 
maneuver should be clearly outlined so that all 
parties are prepared for this stage of the proce-
dure. When this is necessary, the primary surgeon 
or an assistant surgeon should be in charge of 
manipulation of the neck for reduction of the 
fracture. Such a reduction of a fracture or locked/
perched facet joints is typically achieved by 
carefully releasing the Mayfield joints under the 
drapes to allow manual manipulation of the neck 

by the physician under continuous fluoroscopy 
at the appropriate stage of the surgery. Once the 
reduction maneuver has been accomplished, the 
Mayfield must be carefully tightened and 
secured again.

�Thoracic and Lumbar Procedures 
in Prone Position

Thoracic and lumbar surgeries performed in the 
prone position include thoracic or lumbar lami-
nectomies, lumbar foraminotomies, lumbar or 
thoracic discectomies, and thoracic and lumbar 
fusions—most often for degenerative pathologies. 
Other pathologies include neoplastic and infec-
tious pathologies—osteomyelitis, discitis, and 
various bony or spinal neoplasms. Additionally, 
spinal deformity cases are performed either par-
tially or entirely in the prone position.

Decompressive spinal procedures comprise 
the majority of spinal procedures in this region of 
the body. Patients are typically placed prone on a 
flat-top Jackson table or Skytron adjustable table 
often with a Wilson frame. For a purely decom-
pressive surgery, the table choice is not critical 
although the Wilson frame, as described previ-
ously, allows for some flexion in the thoracolum-
bar region, essentially widening the corridor for 
decompression and providing better visualization 
for the operation. It must be noted that if AP fluo-
roscopic views are needed (such as with fusion or 
sometimes with foraminotomies), the Skytron 
bed is not typically radiolucent and may obscure 
AP X-ray images.

All pressure points are padded appropriately 
with foam padding. For thoracolumbar proce-
dures, the arms will be positioned superiorly on 
arm boards as detailed in the full prone section. 
For patients with rotator cuff problems, the shoul-
ders may not have full range of motion and the 
arm boards must be adjusted to accommodate for 
the patient’s joints. Foam padding protects the 
knees from pressure, and pillows under the lower 
legs flex the knees and keep the toes from surface 
contact.

Lateral fluoroscopy can be brought into the 
field to ensure that adequate X-ray imaging can 
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be achieved for localization given the current 
position. Spinal needle or blunt instrument local-
ization should be performed as per usual to iden-
tify the appropriate level. As in posterior cervical 
cases, the head should ideally be kept slightly 
elevated if possible, especially for longer cases to 
avoid ocular pressure-related injuries. The abdo-
men should be kept free of significant compres-
sion to reduce venous congestion and bleeding. 
The breasts should be free of nipple compression 
and generally positioned down and in, relative to 
the chest pad or chest roll.

For patients requiring thoracolumbar instru-
mentation and fusion procedures such as pedicle 
screw fixation, transforaminal lumbar interbody 
fusions (TLIFs), or posterior lumbar interbody 
fusions (PLIFs), similar principles for prone 
positioning are utilized with some adjustments to 
assist with better visualization during fluoros-
copy. For most fusion procedures, the radiolucent 
Jackson table typically in an open configuration 
is best as it allows for unimpeded visualization of 
bony anatomy on X-ray. As visualization of ped-
icles, interspaces, and vertebral body landmarks 
is crucial to adequate placement of instrumenta-
tion, fluoroscopy or another imaging modality is 
key to a successful spinal instrumentation or 
fusion case.

Always ensure that any wires, cables, tubing, 
or leads are not obstructing optimal visualization 
of necessary bony anatomy on fluoroscopy. In 
this sense, it is encouraged that the surgeon check 
both anteroposterior and lateral views of the work 
area to ensure that no significant alterations are 
needed to patient positioning or to remove 
obstructions prior to sterile draping. It is ideal for 
the fluoroscopy unit (typically C-arm) to be 
brought into the field and draped prior to incision 
and positioned either cranially out of the area of 
the operative incision or caudally distal to the 
surgical tech and mayo stand. If positioned crani-
ally in the field, care must be taken to ensure that 
the patient’s arms are free of contact with the 
machine, which rarely can be the source of 
peripheral nerve or myocutaneous injuries.

Spinal deformity correction cases are quite 
extensive, spanning multiple spinal levels, and 
requiring several hours of operative time. 

Given the degree of muscle dissection and bone 
drilling in deformity surgeries, one should expect 
and be prepared for significant blood loss and 
volume shifts. Such patients should be prepared 
with appropriate monitoring and IV access. Clear 
hemodynamic parameters should be set with 
blood products readily available. Special attention 
should be given in these cases to patient pressure 
points, face, eyes, breast, arms, and other poten-
tial sources of complications given the typical 
length of these procedures.

�Unstable Thoracic or Lumbar 
Pathology

With unstable fractures of the thoracic or lumbar 
spine, care should be taken to avoid manipulation 
of the patient. These patients should be main-
tained flat unless otherwise indicated and con-
trolled techniques should be utilized when patient 
transfer or manipulation is needed. Jackson 
frames in an open configuration should rarely be 
utilized in unstable fractures or pathology of the 
thoracic or lumbar spine as the absence of ade-
quate abdominal support may exacerbate any dis-
placement in the setting of instability. A closed or 
flat-top Jackson table is typically preferred for 
cases involving unstable thoracolumbar spine 
fractures. Chest rolls are utilized on these tables, 
and this allows for adequate patient support and 
radiolucency for imaging while avoiding 
overextension.

Conventional manual log-rolling techniques 
have thought to be the best suited for prone posi-
tioning of the unstable thoracolumbar spinal 
patient; however, recent cadaver studies have 
indicated that the utilizing a Jackson table-turn 
technique for prone positioning significantly 
reduces rotational and translational forces that 
could potentially worsen a fracture [9]. This tech-
nique involves the use of a Jackson table attach-
ment which can allow for another table surface to 
be secured, and effectively “sandwiches” a 
patient securely between the two table surfaces. 
In this fashion, the patient is supine initially on 
the first Jackson table surface then the subsequent 
surface to be utilized for prone positioning is 
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secured above the patient carefully after the 
patient has been strapped into the first bed. The 
entire table is then rotated maintaining the patient 
rigidly fixed between the two table surfaces and 
allowing for minimal rotational or translational 
forces on the patient. Once rotated, the first bed 
utilized for supine positioning is removed leaving 
the patient prone on the second bed attached to 
the Jackson table frame (Fig. 13.10).

�Special Considerations 
for Navigated Instrumentation

When using navigation that requires an intraop-
erative CT scan, the machine needs to be able to 
close around the patient. For fluoroscopy-based 
navigation, positioning is as it would be for instru-
mentation with live fluoroscopy.

Navigated instrumentation requires a radiolu-
cent table. Thoracolumbar instrumentation is gen-
erally performed on an open configuration Jackson 
table for the sake of natural lumbar alignment in 
lordosis. This table is radiolucent and meets another 
requirement of navigated instrumentation—it lacks 
a pedestal in the middle of the table.

Placing the patient in the Mayfield three-
pronged pins for head fixation causes additional 

concern, as the Mayfield connection extends 
below the normal table surface and is also quite 
wide. Again, for thoracolumbar fusions, this is not 
an issue, but for C1–2 fusions it can become diffi-
cult to close the intraoperative CT scanner around 
the patient. In this case, the Mayfield needs to be 
arranged so that inferior protrusion from the table 
is as little as possible, or a low-profile Mayfield 
adaptor needs to be used. Additionally, a radiolu-
cent construct is available for the Mayfield head 
fixation system that can be utilized to avoid 
obstruction during radiography.

The patient’s arms present the same concern 
that they must not be protruding in a way to 
block the CT scanner from closing. Generally, 
this does not require any change in positioning. 
If the arms are positioned so that the surgeon 
will be comfortable operating on the levels of 
interest, the CT scanner will also be able to close 
around those levels. For example, the patient’s 
arms would be positioned up for a lower thora-
columbar fusion, but they would be positioned 
down for an upper thoracic fusion. Still, the 
scanner is broad, and care needs to be taken that 
it is not hitting against the arm boards when 
being brought in and out. In all cases, the naviga-
tion camera is traditionally positioned at the foot 
of the operative table.

a b

Fig. 13.10  The Jackson table sandwich technique 
requires a second table surface to be placed on top of the 
supine patient. After properly securing the patient (a) the 

bed can be rotated so that the patient becomes prone and 
the original table surface can be taken away (b)
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�Complications

�Visual Complications

Visual complications following prone position-
ing were first reported in 1948, when a patient 
positioned improperly on a Bailey headrest suf-
fered postoperative blindness [10]. Visual loss in 
the setting of spine surgery can occur at a rate 
ranging from 0.019 to 0.2% with higher rates 
seen in prone position surgery [11–13]. Risk fac-
tors described to be associated with higher rates 
of perioperative visual complications include 
diabetes mellitus, coagulopathy, neurologic dis-
orders, and paralysis [11]. In general, ischemic 
optic neuropathy (ION) is described as the most 
common cause of visual loss postoperatively 
with up to 89% of such cases being attributed to 
this etiology [14]. Prone position surgery sub-
jects patients to various factors that increase the 
risk for ION postoperatively. These risk factors 
include, often in combination, intraocular venous 
pressure, extensive blood loss (typically greater 
than 4 L), and hypotension intraoperatively [15]. 
Many of these risk factors can be avoided with 
careful attention during positioning and vigilance 
intraoperatively. Ischemic optic neuropathy may 
result in permanent visual loss; however, there 
may be some benefit obtained by utilizing corti-
costeroid therapy [16].

Central retinal artery occlusion is seen in this 
patient population in the setting of prolonged 
direct compression of the eye(s) resulting in 
increased intraocular pressure and thus reduced 
retinal perfusion, it can also occur from thrombo-
embolic events in the perioperative period [17]. 
Avoiding pressure on the globes by ensuring 
patients’ eyes are free if utilizing horseshoe head-
rests or even foam headrests can reduce the risk 
of this potential cause of visual loss. Immobilizing 
the head in a Mayfield can eliminate any direct 
pressure on the globes and thus significantly 
reducing this risk of potential postoperative com-
plication. Cortical blindness as a result of isch-
emic damage to the visual cortex is another, 
albeit rare, complication of prone surgery that 
can result in postoperative visual loss. It is more 
commonly seen in deformity spinal surgery and 

procedures involving spinal fusion [11]. 
Typically, patients will improve over time, but 
complete recovery is rare [18]. Active monitor-
ing and careful management of blood pressure as 
well as minimizing blood loss when possible will 
help reduce the risk of this rare complication.

Corneal abrasion are also possible in prone 
position spine surgery and are the most common 
eye complication amongst all spine surgeries 
[17]. General anesthesia can result in decreasing 
natural lubrication of the eye and, in combination 
with incomplete eye closure, can result in corneal 
abrasions. These are typically self-limiting but 
require postoperative ophthalmologic evaluation 
[17]. Adequate eye closure and protection with 
specialized goggles or Tegaderm™ after lubrica-
tion of the eyes after induction of anesthesia can 
help prevent such ocular injuries.

�Peripheral Nerve and Brachial Plexus 
Injuries

Brachial plexus injuries, although rare, are known 
complications when performing prone position 
surgeries. The plexus courses over multiple bony 
structures such as the clavicle and the humeral 
head and in this course can be unintentionally 
stretched or compressed, risking injury to the 
nerves that can manifest as arm weakness and/or 
sensory deficits. Risk factors that increase the 
risk of such injury include diabetes mellitus, 
hypovolemia, and alcoholism [4]. When posi-
tioning prone, the most important factor to con-
sider to prevent brachial plexus injury is the 
degree of abduction of the arms as they are placed 
on arm boards. Abduction at the shoulder greater 
than 90° puts the patient at risk of a lower trunk 
injury [4]. Aggressive taping of the shoulders 
with downward traction puts the patient at risk of 
an upper trunk injury. Significant extension and 
external rotation of the arm should be avoided as 
well as these arm positions have been associated 
with increased risk for brachial plexus injury—
the elbows should be positioned below the level 
of the shoulders and the hands should be even 
with the elbows or lower [4]. The arms should be 
positioned in a relaxed nature on arm boards with 
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appropriate ulnar and wrist padding and the axilla 
should be free and open. One retrospective review 
suggested that the prone-surrender or superman 
position with arm on arm boards superiorly was 
significantly higher risk for impending upper 
extremity nerve injury when compared to arms 
tucked at the patient side [19]. As such, it would 
be prudent to treat these cases as high risk for 
peripheral nerve injury for upper extremities and 
any neurophysiologic changes that are not cor-
rected with conventional measures should be 
evaluated for repositioning maneuvers of the 
arms.

Ulnar nerve injuries have been reported in the 
setting of prone position spinal surgery and can 
be due to a variety of causes. The most com-
monly known sources of ulnar nerve injury are 
direct external compression of the nerve as it 
passes the cubital tunnel, malposition of the 
blood pressure cuff, excessive elbow flexion 
(>90°), or an arm falling off an arm board [4]. 
Obesity has also been described to be associated 
with increased risk for ulnar nerve injury in the 
setting of prone positioning [20].

Similar to ulnar neuropathy due to malposi-
tioning, lateral femoral cutaneous nerves can also 
be injured if not properly cushioned or if the leg 
is inappropriately positioned. These patients can 
develop meralgia paresthetica resulting in pain 
and paresthesia of the anterior and lateral thigh. 
Direct external compression of the lateral femo-
ral cutaneous nerve is usually the cause and such 
compression is more likely when pelvic bolsters 
are used for positioning, with such compression 
occurring in up to 24% of patients undergoing 
prone position spinal surgery [21].

�Myocutaneous Complications

Myocutaneous complications are some of the 
most frequently encountered complications of 
prone position surgery [2]. They can occur from 
varied causes such as IV infiltration, cutaneous 
pressure over the course of a long procedure, or 
acute injury during the act of positioning. If an IV 
infiltrates while running a pressor or hypertonic 
solution, there is risk of damage to the limb. 

Pharmacy should be contacted to see if there is an 
antidote to be administered based on the solution 
that infiltrated. Also, plastic surgery consultation 
may be required if there is significant skin 
necrosis.

Plastic surgery consultation may also be 
required in the event of a degloving injury. When 
this occurs, it is usually caused during the posi-
tioning at the beginning of the case, or while 
positioning the patient back to supine on the hos-
pital bed at the conclusion of the surgery. This 
can be avoided with proper foam padding under 
the downside arm during the flip to avoid direct 
contact to the bed frame. It is more common in 
elderly patients and patients taking long-term ste-
roids, due to thinned skin.

Cutaneous injuries sustained from prolonged 
prone positioning are usually over the chest, hips, 
or knees, where the patient’s weight is most con-
centrated on the padding. At the end of the case, 
these areas are likely to be red. If the skin 
blanches appropriately, the skin will not likely 
have any serious injury. If it does not blanch, or 
if it shows signs of blistering, it will need careful 
attention in the coming days and may require a 
skin care consult to optimize healing.

Pressure sores to breasts are also not uncom-
mon, and female patients being positioned prone 
should always have their breasts carefully 
inspected and secured at the time of positioning. 
Patient with larger breasts obviously are at 
greater risk for such complications. Patients with 
a history of breast augmentation and implants 
can rarely develop rupture of their implants from 
prolonged prone positioning possibly resulting in 
breast necrosis [22].

Pressure-related injury to the head and neck 
are of concern for prone position surgery, and 
this risk increases with the length of the surgery 
as well as with volume replacement which can 
cause facial edema [23]. Appropriate use of pad-
ded headrests such as the ProneView® protective 
helmet system as well as elevation of the head 
has been shown to reduce the risk of pressure-
related injury to the face [23, 24]. Use of the 
Mayfield three-pronged clamp has been described 
and utilized by surgeons to avoid pressure sores 
and cutaneous complications of the face [25].

P. Patel and C. Nickele



173

Compartment syndromes in the setting of 
prone position surgery are quite rare. There are 
reports of lumbar spinal surgery being compli-
cated by anterior thigh and tibial region compart-
ment syndromes resulting in muscle necrosis and 
requiring fasciotomies in certain cases due to 
vascular compromise [26–28]. Factors that have 
been reported to increase the risk of limb com-
partment syndrome include muscular habitus, 
obesity, and lengthy surgical procedures [29]. 
Rhabdomyolysis can also occur in prone position 
surgery, often accompanying compartment syn-
dromes, but can also rarely occur without any 
clear evidence of limb ischemia or external signs 
of compression such as skin changes [30]. In such 
cases, secondary injury due to myoglobinemia 
and myoglobinuria, especially renal injury, can 
occur and thus management must be appropri-
ately tailored.
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Special Considerations 
in Positioning for Neurosurgical 
Tumors: Spinal

Jason A. Weaver

Optimizing surgical positioning for the planned 
procedure can be critical in achieving the goals of 
the case and minimizing complications; however, 
it is easy to overlook this important aspect of the 
case for many reasons. Usually, as surgeons, we 
are extremely focused on the steps of the actual 
surgery. From a time perspective, we are often 
eager even somewhat rushed to get a case started. 
We dedicate just a small fraction of the overall 
time devoted to a patient on positioning, when 
considering the overall time spent on patient 
evaluation and selection, preoperative planning, 
imaging review, designing an appropriate 
approach or procedure, performing the case, and 
then managing the postoperative course. 
Although all of these aspects of the care of the 
patient are critical, and countless articles have 
been devoted to each, patient positioning is often 
only briefly mentioned in technique articles or 
altogether overlooked. Yet, when it comes to the 
successful surgical management of tumors 
involving the spinal cord, or spinal column, dedi-
cating thought and time to optimizing positioning 
can profoundly affect outcome. In fact, a few 

extra moments spent on positioning can avoid an 
hour of struggling to get the last bit of tumor, 
save an extra half-liter of blood loss, prevent an 
ulnar neuropathy, or avert many other potential 
complications. We will consider such concerns 
unique to tumor surgery and discuss surgical 
positioning strategies that will help our patients, 
not to mention the entire surgical team.

Applying oncologic principles to surgical 
management of tumors along the spinal axis can 
be challenging. The surgical strategy can range 
from a simple biopsy to wide excisional en-bloc 
resection for benign or malignant tumors. First 
and foremost, preoperative knowledge of the 
tumor pathology dictates the oncologic goal. 
Second, detailed evaluation of the radiology to 
determine feasibility of that goal is also essential. 
The surgeon must consider many features unique 
to the spine, such as tumor location along the spi-
nal axis and within the vertebral compartment 
(paravertebral, osseous, extra−/intradural, or 
intramedullary), as well as the effect of resection 
on stability. Balancing the extent of resection 
best suited for a specific pathology with the 
potential limitations imposed by the location 
highlights the unique challenges of the surgical 
management of spinal tumors. Consideration of a 
few key concepts can assist in defining surgical 
goals and optimizing patient positioning to achieve 
a result that maximizes oncologic resection and 
patient morbidity.
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�Oncologic Terms Applied 
to the Spine

Before we can consider optimal positioning of 
our patient, we must first consider approach 
angles to tumor resection or a combination of 
approach angles. To determine approach angle, 
we must consider to what extent of resection is 
indicated with consideration of potential morbid-
ity. This requires knowledge of the terminology 
and how each particular tumor pathology should 
dictate the extent of oncologic resection.

In an oft-quoted paper on surgical staging of 
primary tumors, Boriani et al. [1] provided strict 
definitions of oncologic terminology. When con-
sidering primary spinal column tumors, the defi-
nitions of surgical resections can be applied to 
any tumor whether benign or malignant, primary 
or metastatic, intradural, or intramedullary. A 
gross surgical resection will fall under one of the 
following three definitions: intralesional, en-bloc 
marginal, or en-bloc wide.

En bloc is the attempt to remove all of the tumor 
in one piece with a layer of healthy tissue. Gross 
and histologic studies then characterize further 
whether the resection was intralesional, marginal, 
or wide. When a surgeon attempts an en-bloc resec-
tion but cuts into a tumor, this is defined intrale-
sional. If the surgeon successfully removes a tumor 
with the pseudocapsule intact, it is considered an 
en-bloc marginal resection. If the surgeon has 
removed all of the tumor with a continuous layer of 
normal tissue, it is considered an en-bloc wide 
excision or resection. Radical resections, often pos-
sible in orthopedic oncology, require removal of a 
tumor and its entire compartment, such as limb 
amputation. As Boriani et al. [1] pointed out, the 
existence of the epidural space, which extends 
from skull to coccyx, makes this impossible as 
applied to the spine. The authors further pointed 
out that terms such a vertebrectomy and spondylec-
tomy, while describing what the surgeon did to the 
spine, carry no oncologic meaning and offer nei-
ther value in any discussion about surgical intent 
nor the actual degree of resection.

Palliative surgery is the partial removal of tumor 
(or surgery with no tumor removal) that serves 
a functional purpose, such as decompression of 

spinal cord, nerve root, or stabilization of the spine. 
Palliative surgery would often be performed for 
metastatic lesions.

�The Importance of Pathology 
on Positioning

Although the descriptions of Boriani et  al. [1] 
considered only primary tumors of the spinal col-
umn, the analysis is also a useful tool when 
applied to all spinal tumors, including benign and 
malignant tumors and those in other locations. 
Location can refer to both regions of the spinal 
column and compartments of the spine (i.e., intra-
medullary, intradural, extradural, intraosseous, or 
paraspinal). Preoperative diagnosis should dictate 
whether we attempt a palliative procedure or 
attempt gross removal of the tumor through intral-
esional or en-bloc resection. Once this is deter-
mined, we can then think about surgical approaches 
that, used solely or in combination, allow us to 
achieve our oncologic goal.

�Primary Spinal Column Tumors

Enneking et  al. [2] provided a useful correlation 
between biologic behavior of tumor and type of 
surgical resection with outcome. This system 
serves as a guide in the management of primary 
osseous tumors involving the spinal column. It uses 
radiography to categorize (benign v. malignant) 
lesions. Radiographic features predict biologic 
behavior and should therefore dictate operative 
strategy. Examples of benign primary spinal col-
umn tumors include eosinophilic granulomas, oste-
oid osteomas, osteoblastomas, osteochondromas, 
aneurysmal bone cysts, and giant cell tumors. 
Although benign histologically, not all such tumors 
behave in the same way and therefore some require 
a more aggressive approach. The staging system of 
Enneking et  al. [2] serves as a useful guide in 
selecting aggressiveness of resection.

Stage 1 benign tumors (S1, latent, inactive) 
may be asymptomatic and usually are slow 
growing or do not grow at all. If treatment is 
required at all, it may be offered for palliative 
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purpose or stabilization. Examples of such 
lesions include hemangiomas. Stage 2 benign 
tumors (S2, active) may grow slowly and thus 
over time cause progressive symptoms. Stage 3 
benign tumors (S3, aggressive) may invade sur-
rounding tissue and even have a thin discontigu-
ous capsule. En-bloc resection should be 
considered for such lesions.

Although excellent tumor control rates are 
reported for intralesional resection of osteoblas-
toma, the recurrence rate is reported around 10% 
[3]. En-bloc resection may therefore be favorable 
when suitable for such lesions.

Likewise, aneurysmal bone cysts are often man-
aged effectively with intralesional curettage. 
However, recurrence rates range from 10 to 25% 
[4, 5]. Intralesional removal can also lead to exten-
sive intraoperative blood loss. Furthermore, iatro-
genic instability associated with the removal of 
such large lesions often necessitates spinal stabili-
zation. Such concerns have led to consideration of 
serial transarterial embolization as an effective treat-
ment alternative [6]. Giant cell tumors are benign 
histologically but behave aggressively and can even 
produce pulmonary metastases [7]. A gross total 
intralesional resection offers long-term control in 
stage 2 giant cell tumors, whereas en-bloc resection 
is curative [8]. More recent studies have shown 
excellent control rates with stand-alone or adjuvant 
management with denosumab [9].

Primary malignant spinal column tumors are 
rare and often carry a dismal prognosis. In some 
cases, attempts at best oncologic resection can 
offer curative potential. In such cases, even 
planned morbidity associated with an approach 
may be acceptable in the overall management of 
the patient. Furthermore, given high rates of 
recurrence, there is often “one shot” at the surgi-
cal management of these cases. These cases high-
light the utmost importance of detailed surgical 
planning and patient positioning.

The grading system of Enneking et  al. [2] 
classifies low-grade primary malignant tumors 
into stages IA (tumor within the vertebral col-
umn) and IB (tumor invades outside the vertebral 
column) based again on radiographic features. 
En-bloc excision, when feasible, is the preferred 
treatment of choice. Similarly, high-grade malig-

nancies are classified into stages IIA and IIB. 
Unlike stage IA and IB tumors, these tumors are 
highly aggressive and grow so rapidly that there 
is no continuous reactive tissue layer or pseudo-
capsule present. As such, micro-seeding of tumor 
nodules in surrounding tissue may present. For 
this reason, wide marginal en-bloc excision is 
indicated in these cases, again noting that radical 
resection is not possible in the spine [10].

Malignant primary spinal neoplasms that 
demand consideration for en-bloc resection 
include chordoma, chondrosarcoma, osteogenic 
sarcoma, and Ewing sarcoma. Given the 
extremely high recurrence rates for intralesional 
resection of such tumor versus the potential for a 
cure in select cases, the role of detailed surgical 
planning is emphasized. For example, recurrence 
is virtually guaranteed with intralesional resec-
tion of chordoma; however, the 50-year institu-
tional experience reported by Boriani et al. [11] 
with both a retrospective and prospective analy-
sis showed 12 of 18 patients treated with en-bloc 
resection experienced recurrence at an average of 
8  years. All of these recurrences were either 
treated at another institution first and/or had con-
taminated margins. It is important to note that 
none of the seven patients treated initially with a 
successful wide marginal en-bloc resection dem-
onstrated recurrence [11]. Similarly for chondro-
sarcoma, nearly 100% local recurrence was 
demonstrated with intralesional curettage, but 
with wide marginal en-bloc resection, the local 
recurrence dropped to 8% [12].

The Weinstein-Boriani-Biagini (WBB) 
Surgical Staging system was designed to assist in 
the nomenclature and planning of en-bloc surgical 
procedures (Fig. 14.1). It can therefore be useful in 
the planning of patient positioning in one- or two-
staged procedures to achieve the oncologic goal. 
For example, the en-bloc resection can be achieved 
in three different ways, depending on the tumor 
location: vertebrectomy, sagittal resection, or 
resection of the posterior arch (Fig. 14.1). Because 
of the ring-shaped structure of the vertebral body, 
the authors [1] suggest that half of the vertebral 
structure should be disease free to allow for the 
removal of the healthy elements followed by en-
bloc excision of the diseased portion in one piece.

14  Special Considerations in Positioning for Neurosurgical Tumors: Spinal
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An en-bloc vertebrectomy, as described by 
Boriani et al. [1], is the removal of the vertebral 
body and the tumor, envisioned in the zones 
between 4 and 9 on the WBB system (Fig. 14.1a). 
This can be accomplished through a two-staged 
approach. In thoracic spine, where the nerve 
roots can be sacrificed, a one-staged approach 
with the patient in the prone position may be 
achievable in certain cases [13].

Case 1 shows a two-staged en-bloc resection 
of osteogenic sarcoma. The patient is a 33-year-
old man with biopsy-proven osteogenic sarcoma. 
His metastatic workup is negative, and he has 

undergone four rounds of systemic neoadjuvant 
chemotherapy. Preoperative imaging demon-
strates an Enneking stage IIA tumor confined to 
the osseous compartment, but also invading the 
right pedicle (Fig.  14.2). With >180-degree 
involvement of the vertebral structure, an en-bloc 
resection is challenging. In the first stage, the 
patient is positioned prone on an open-frame 
Jackson table (Mizuho OSI, Union City, CA), 
and through a standard midline exposure, the 
healthy dorsal elements are removed in piece-
meal fashion. The right pedicle, which is involved 
with tumor, is removed with a single intralesional 
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Fig. 14.1  Weinstein-Boriani-Biagini (WBB) Surgical 
Staging System: the numerals designate the radiating 
zones of the vertebral elements (1–12) and the letters des-
ignate concentric layers from outside to inside the verte-

bral column (A  =  extraosseous paravertebral to 
E  =  intradural). Possible types of en-bloc resection by 
WBB analysis. (a) vertebrectomy; (b) sagittal resection; 
(c) resection of the posterior arch
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transection across the base of the pedicle. The 
posterior longitudinal ligament is transected 
across the entire disc space, and aggressive dis-
cectomies are performed above and below the 
diseased vertebral segment(s) (Fig.  14.3a, b). 
This allows mobilization of the anterior column, 
which will be delivered en-bloc during stage 2. 
Nerve root sacrifice, when feasible, is performed 
to facilitate resection. A silastic barrier is passed 
ventral to the dura to ensure complete detach-
ment of the vascular structures and tumor pseu-
docapsule from the dura, and to provide a visual 

reference during the second stage. Pedicle screw 
stabilization is also performed (Fig. 14.4).

While a standard midline incision is an 
approach that all spine surgeons are comfortable 
with, positioning for this type of tumor surgery 
does deserve a critical analysis. Because blood 
loss can be extensive, we utilize an open-frame 
Jackson table (Mizuho OSI, Union City, CA) that 
allows the abdominal contents to rest freely unsup-
ported below the patient. Proper positioning of the 
chest pad and hip/thigh pads allows adequate sup-
port to the patient’s body, maintain a neutral spine 

Fig. 14.2  Case 1. (a) Preoperative T2 W MRI and (b) CT 
demonstrating T10 lesion with marked reactive changes in 
the vertebral segment indicative of Enneking Stage IIA 
malignancy. (c) Sagittal CT demonstrating tumor con-
fined to the T10 vertebral body and (d) Axial CT showing 

the unilateral involvement of the right pedicle making en-
bloc resection challenging. Our approach was a planned 
intralesional resection of the involved pedicle to allow for 
removal of the vertebral body in an en-bloc manner
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position, in which the patient will be fused. 
Furthermore, because the abdomen is not com-
pressed by the table, abdominal pressure is mini-
mized and does not inadvertently transduce venous 
pressure. Proper placement of the chest pad across 
the mid-third of the sternum minimizes intratho-
racic pressure and the need for high pressure posi-
tive ventilation, further reducing venous pressure. 
Such attention can markedly reduce blood loss 
during such lengthy cases with relatively large 
exposures, and potentially vascular tumor resec-
tions. Furthermore, less time spent on hemostasis 
can lead to a reduction in operative time.

The second stage is an anterior column approach 
performed from a transthoracic transpleural, retro-
peritoneal abdominal, or thoracoabdominal 
approach (Fig. 14.5). If tumor is extending into the 
paraspinous compartment on one side, an ipsilat-
eral approach to the involved side is favored when 
anatomically possible. In our case, a right-sided 
approach with the patient in a left lateral decubitus 
position was taken because of the tumor involving 
the right pedicle. This requires the skill of the tho-
racic or general surgeon to take a nontraditional 
approach in which the liver and inferior vena cava, 
rather than the aorta, need to be mobilized. During 
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Fig. 14.3  Case 1: Stage 1: (a) Piecemeal removal of 
unaffected dorsal elements with planned unilateral pedicle 
transection. (b) Intraoperative photo demonstrates pas-
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the vertebral column ensuring adequate dissection and 
complete ligation of the segmental artery. In addition, 
complete discectomy with pituitary forceps is also 
demonstrated
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this stage, the discectomies are completed, and the 
anterior segment(s) are delivered in en-bloc fashion 
(Fig. 14.6a–c) Tumor tissue is submitted for gross 
and microscopic examination to determine whether 
the resection was en-bloc (marginal or wide) or 
intralesional. Finally, the anterior column is recon-
structed (Figs. 14.7 and 14.8a, b).

The en-bloc sagittal resection is performed when 
tumor involves zones 1–6 or 7–12 on the WBB sys-
tem (Fig. 14.1b). Such a case may be performed in 
a combined anterior-posterior approach as described 
above or single-staged approach depending on 
tumor location. En-bloc resection of the posterior 
arch (Fig. 14.1c) is accomplished through a poste-
rior approach with osteotomies through the pedicles 
or lamina as indicated by tumor location.

Case 2 represents a tumor in which the princi-
ples of both the en-bloc sagittal resection and 

Fig. 14.4  Case 1: Completion of stage 1: The dorsal ele-
ments have been removed, the posterior longitudinal liga-
ment transected, and discectomies performed at T9/10 
and T10/11. A silastic barrier has been passed under the 
dura to ensure the tumor pseudocapsule has been com-
pletely freed from the ventral dura

T9

T11

Liver
Lung

Inferior
vena cava

Fig. 14.5  Case 1: Stage 
2: A right-sided 
transthoracic/
transdiaphragmatic 
approach is preferred so 
that the affected pedicle 
is ipsilateral to the 
approach. The 
discectomies are 
completed, and the 
vertebral body is 
removed

14  Special Considerations in Positioning for Neurosurgical Tumors: Spinal



182

resection of the posterior arch are applied suc-
cessfully. This patient presented with imaging 
consistent with chondrosarcoma, without evidence 

of systemic disease. This tumor involved the pos-
terior elements of T11-L1 in WBB zones 10–12 
(Fig. 14.9). The patient is positioned prone on an 
open-frame Jackson table. Exposure is achieved 
over the dorsal aspect of the tumor with mainte-
nance of a thin cuff of muscle over the tumor 
pseudocapsule (Fig. 14.10). Using intraoperative 
navigation with the Stealth system (Medtronic, 
Memphis, TN), osteotomies along the sagittal 
plane are created obliquely across the base of the 
spinous processes such that a split-thickness uni-
lateral laminectomy would detach the base of the 
tumor from the affected segments (Fig. 14.11a, b). 
Not only does this allow removal of tumor with a 
margin of healthy tissue, but it spares exposing 
the epidural space to potential tumor seeding. A 
second set of navigated osteotomies is performed 
obliquely from lateral to medial along the rib 
heads and on the L1 transverse process to connect 

Fig. 14.6  Case 1: En-bloc specimen (a and b). Pathologic staining showing margins with the exception of the planned 
intralesional transection of the right pedicle (c)

Fig. 14.7  Case 1: Anterior column reconstruction. The 
lung is on the right, and the liver is retracted and protected 
by a surgical sponge on the left of the image
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with the first set of osteotomies, thus delivering 
the tumor en bloc. Pathological examination con-
firmed wide-margin en-bloc removal of a grade 1 
chondrosarcoma (Fig. 14.12).

�Extradural, Intradural, 
and Intramedullary Primary Tumors

Like primary tumors involving the spinal column, 
tumors involving the intradural and intramedul-
lary spaces are often treated most effectively with 
gross total resection. Common extra- and/or intra-
dural tumors include the nerve sheath tumors. 
Common intradural, extramedullary tumors 
include meningiomas. Common intramedullary 
tumors include astrocytomas, ependymomas, and 
hemangioblastomas. When surgical management 
is indicated, gross total resection minimizes local 
recurrence rates.

Nerve sheath tumors include schwannomas 
and neurofibromas. A recent multicenter review 
of surgically treated schwannomas through the 
AOSpine Multicenter Primary Spinal Tumors 
Database found recurrence in nine (5.32%) out 
of 169 patients, consistent with what has been 
reported historically [14]. Intralesional resec-

tion was associated with fourfold higher recur-
rence rate proportionate to those undergoing 
en-bloc removal. Location (intradural/extradu-
ral/or both) was not associated with a difference 
in recurrence rate. Although associated with 
lower rates of achieving gross total resection 
than with schwannomas, neurofibromas like-
wise show reduction in recurrence with gross 
total resection [15], and for malignant periph-
eral nerve sheath tumors (MPNST), negative 
margin status significantly impacts 5- and 
10-year survival [16].

For meningiomas, complete resection is favor-
able. In a review of 62 patients, Nakamura et al. 
[17] used long-term follow-up to correlate recur-
rence rate with extent of resection. Complete 
resection (Simpson grades I and II) offered recur-
rence rates as low as 9.7%, with all recurrences 
noted for ventral meningiomas requiring Simpson 
II resection, and none for Simpson grade I. In the 
subset of Simpson grade II resections, a recur-
rence rate of 30% was noted, with mean time to 
recurrence at 12 years [17]. Incomplete resection 
(Simpson III and IV) was associated with 100% 
reoperation rate at 5  years for progression of 
tumor. This analysis underscores the importance 
of approach selection and patient positioning to 

Fig. 14.8  Case 1: (a) Postoperative anteroposterior; and (b) lateral radiographs

14  Special Considerations in Positioning for Neurosurgical Tumors: Spinal



184

Fi
g

. 1
4

.9
 

C
as

e 
2:

 C
T

 im
ag

es
 d

em
on

st
ra

tin
g 

la
rg

el
y 

ca
lc

ifi
ed

 m
as

s 
ar

is
in

g 
fr

om
 th

e 
le

ft
 T

12
 tr

an
sv

er
se

 p
ro

ce
ss

 b
ut

 e
xt

en
di

ng
 o

ve
r 

T
11

-L
1.

 N
ot

e 
th

e 
w

el
l-

de
m

ar
ca

te
d 

tu
m

or
 c

ap
su

le
 c

on
si

st
en

t w
ith

 E
nn

ek
in

g 
St

ag
e 

IB
 le

si
on

J. A. Weaver



185

achieve Simpson grade I resection when not 
limited by unacceptable morbidity.

Intramedullary tumors will most often be 
approached dorsally and the impact on position-
ing considerations is somewhat minimized in the 
subset of spinal tumors. Nonetheless, the low 
recurrence rate reported with gross total removal 
of spinal cord ependymomas—myxopapillary 
and anaplastic [18]—again underscores the dedi-
cation to careful preoperative planning. Because 
astrocytomas are infiltrating tumors, gross total 
resection is generally not obtainable. Therefore, 
the surgical goal may be to resect as much tumor 
as possible without adversely impacting neuro-
logic function. No correlation has been demon-
strated between extent of resection and recurrence 
[19]. There may, however, be an impact on overall 
survival with more radical resection of malignant 
astrocytomas. A retrospective study [20] demon-
strated a survival rate of 78% among anaplastic 
astrocytomas that underwent a radical resection 

(defined as no residual postoperative enhancement 
on magnetic resonance imaging) contrasted with 
38% for subtotal resection at 4 years.

�Metastatic Spinal Tumors

With metastatic spinal tumors, like primary 
tumors, optimal surgical positioning depends on 
the goal of the procedure. Unlike with primary 
tumors, however, there is a wide array of consid-
erations in treating a patient with metastatic dis-
ease to the spine [21]. The surgical management 
of metastatic disease can range from diagnostic 
only with percutaneous or open biopsy to en-bloc 
resection for complete eradication of disease. 
Surgical management of the vast majority of met-
astatic tumors will fall into an intralesional mar-
ginal excision and/or a palliative role: surgical 
stabilization of pathologic fracture, maintenance 
or restoration of neurologic function, and pain 
control. Surgery for oligometastatic disease has 
shown superiority to radiotherapy alone in all of 
these roles [22]. Thus, the goal of surgical resec-
tion dictates the surgical approach and the best 
position to yield optimal results. In certain cir-
cumstances, an en-bloc resection of metastatic 
tumor may best offer long-term palliation or 
potential for cure [9, 21, 23–25]. Such cases may 
include solitary sites of relapse or direct extension 
of the tumor, such as in superior sulcus tumors. 
Historically, a case for en-bloc resection has been 
made in patients with solitary sites of disease 
[26, 27], especially for tumors that were described 
as radio-resistant histologies or those resistant to 
conventional external beam radiotherapy.

Stereotactic radiosurgery and intensity-modu-
lated radiation therapy (IMRT) for tumors of the 
spinal column has perhaps diminished the role of 
en-bloc resection in metastatic disease. Spinal 
IMRT and radiosurgery control rates even for 
classically described radio-resistant tumors, like 
renal cell carcinoma and melanoma, have been 
reported in the 75–87% at median follow-up of 
37 months [28, 29]. Applying such control rates 
has led to a shift in management paradigm, allow-
ing for less morbid surgical procedures, without 

Fig. 14.10  Case 2: Intraoperative view of wide exposure 
of tumor. Note thin layer connective tissue over the tumor 
to allow for wide marginal en-bloc resection
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sacrificing local tumor control. For example, if we 
can spare the patient a second-staged anterior 
approach but still provide stabilization or pallia-
tion of pain or neurologic function, we can effec-
tively meet all of the goals of management of 
metastatic disease to the spine with the least mor-
bidity. This idea of combining surgical resection 
with stereotactic radiosurgery/radiotherapy has 
been termed “separation surgery.” Like radiosur-
gery alone, durable local control rates have been 
shown as high as 90.7% at time of last follow-up 
[30]. In addition, the recent application of laser 
interstitial thermotherapy to reduce epidural 

compression in a minimally invasive manner has 
allowed the application of radiosurgery or IMRT 
to patients with high-grade epidural compression 
that might not be ideal surgical candidates [31]. 
Therefore, if we can reduce epidural compression, 
radiosurgery has been shown to offer effective 
long-term tumor control.

Case 3 involves a 35-year-old woman with 
recurrence of a superior sulcus tumor approxi-
mately 6 months after an upper lobectomy. She 
presented with severe local pain, right radicular 
pain, weakness in the right intrinsic hand mus-
cles, and myelopathy. Imaging showed local 

Fig. 14.11  Case 2: (a) Intraoperative image demonstrating stereotactic osteotomies to deliver the tumor en bloc. (b) 
Medtronic Stealth (Memphis, TN) navigation was utilized to register the osteotomes to the preoperative CT images
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invasion of the recurrence to the spinal column, 
involving segments C7-T3 with epidural com-
pression of the spinal cord (Fig. 14.13a–e). Our 
approach was to combine surgical resection of 
the epidural disease and spinal stabilization with 
stereotactic radiosurgery (i.e., “separation sur-
gery”) to achieve the goals of pain and neuro-
logic palliation, spinal stabilization, and durable 
tumor control. To effectively achieve durable 
control rates, we rely on radiotherapy rather than 
gross total resection. This requires resection of 
high-grade epidural compression to allow ade-
quate margins between the spinal cord and tumor 
interface so that high-dose radiosurgery or radio-
therapy (either in single-session or hypofraction-
ated prescription) can be safely delivered to the 
spinal cord. This strategy can be accomplished 
through a single posterior approach, sparing the 
patient of another thoracotomy and anterior 
approach to the upper thoracic spine, with multi-
level anterior column reconstruction.

The patient was positioned in a standard prone 
position with head fixed in the Mayfield appara-
tus to allow for neutral alignment across the 
cervical-thoracic junction. Through a midline 
incision, exposure of the spine was achieved and 
multi-level laminectomy was completed from C6 
to T4. The epidural disease was radically resected 
and segmental stabilization was achieved through 
a lateral mass and pedicle screw construct extend-
ing from C4 to T7 (Fig. 14.14). Two weeks after 
surgery, the patient was treated with a single frac-
tion of 22 Gy to the tumor. With effective resec-
tion of the epidural disease, creating at least a 
2-mm margin between tumor and spinal cord 
(Fig. 14.15), the cord dose was maintained below 
11  Gy, within published tolerance (Fig.  14.16) 
[32]. In this case, the patient maintained ambula-
tory function after treatment and died as a result 
of systemic metastatic disease rather than local 
progression at 14 months postoperatively.

�Conclusion

Whether a tumor is an intramedullary, extra−/
intradural, spinal column, or paraspinal tumor, 
optimizing surgical positioning first requires the 
surgeon to specifically define the goals of surgical 
resection. En-bloc resection is often indicated in 
the management of primary spinal tumors and 
perhaps even in select metastatic cases. Gross 
total resection is favored in the management of 
many intradural and/or intramedullary tumors. On 
the other hand, limited resection of disease may 
often be considered with new technology like ste-
reotactic radiosurgery. Other adjuvant strategies, 
such as transarterial embolization, neoadjuvant 
chemotherapy, or chemotherapy alone, may fur-
ther reduce the need for aggressive and often mor-
bid surgical management. Thoughtful analysis 
allows us to select the best procedure and hence 
best positioning to limit morbidity without sacri-
ficing goals of tumor control along with maintain-
ing or restoring functionality, optimizing pain 
control, and providing spinal stabilization.

Fig. 14.12  Case 2: Pathological analysis confirms wide 
marginal en-bloc resection of grade 1 chondrosarcoma
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Fig. 14.13  (a–e) Case 3: Superior sulcus tumor involving vertebral segments C7-T3. Note the right transforaminal 
extension of tumor causing epidural compression

J. A. Weaver



Fig. 14.14  Case 3: Intraoperative view demonstrating 
C6-T4 laminectomies with radical resection of epidural 
tumor and wide exposure of the right C7–T3 nerve roots. 
Posterior instrumentation with cervical lateral mass 
screws (C4-C7) and pedicle screws (T3-6) is performed to 
prevent iatrogenic instability

Fig. 14.15  Case 3: Postoperative CT myelogram is 
obtained to demonstrate adequate decompression of the spi-
nal cord for safe and effective delivery of radiosurgery. MRI 
is not useful in the postoperative setting because artifact 
from the instrumentation causes inadequate visibility of the 
critical structures for safe radiosurgical planning. A margin 
of 2 mm is desired between tumor interface and spinal cord

Fig. 14.16  Case 3: Single-fraction radiosurgery is deliv-
ered to the tumor at a dose of 22 Gy. The images demon-
strate the color wash of dose distribution to the tumor 

volume and the rapid dose fall-off between the tumor and 
spinal cord, which received a max point dose of 11 Gy, 
well within spinal cord tolerance
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�Introduction

In this chapter, we will focus on special consid-
erations when positioning the patient for intra-
cranial tumor surgery for the most common 
approaches and most frequently encountered 
tumor pathology. Although tumor location plays 
an important role in positioning, tumor histopa-
thology (i.e., vascularization), potential for brain 
swelling, blood supply, venous drainage, and the 
use of neuro-navigation should also be consid-
ered when planning the approach and positioning.

Intracranial tumors can be categorized in 
numerous ways. Tumors may be within the brain 
parenchyma (i.e., intra-axial) or may originate in 
structures outside the parenchyma (i.e., extra-
axial). Intra-axial tumors may be primary (i.e., 
originating from the brain) or metastatic (arising 
from other organ systems and spreading to the 
brain). Extra-axial tumors include those arising 
from the meninges or skull which may compress 
or invade the brain.

Regardless of the complexity of positioning, 
basic patient safety considerations must be con-
sidered prior to surgery. Beginning surgery with 
a patient in the ideal position is a key part to pre-
paring for a successful neurosurgical operation.

This chapter provides special considerations 
when positioning patients for intracranial tumor 
surgery, particularly focusing on neoplastic lesions 
and highlights “tricks of the trade,” pitfalls, and 
common mistakes. Positioning in neurosurgery is 
often an afterthought in textbooks and on daily 
teaching rounds; however, we cannot emphasize 
enough the importance of patient positioning to our 
field. Bearing in mind those special considerations 
and integrating key information such as patient 
comorbidities, patient positioning such as based on 
tumor location and presumed pathology lays the 
foundation for a safe and successful surgery.

�Perioperative Considerations

In neurosurgery, there are five basic patient posi-
tions used to perform most procedures: supine, 
lateral, prone, three-quarter prone, and sitting 
position. For every position, there are slight vari-
ations; and inherent to every position, there are 
certain advantages and caveats that must be con-
sidered, such as changes in circulatory and 
respiratory physiology that may affect gas 
exchange and both body and cerebral hemody-
namics [1]. The latter basic five patient positions 
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are discussed as part of specific craniotomy 
approaches in this chapter.

Proper positioning serves two major purposes. 
First, providing patient safety during long surger-
ies with padding of all pressure points prevents 
skin decubiti ulcers and nerve damage (i.e., ulnar 
nerve palsy). Second, positioning, in particular 
the head position, is crucial for the neurosurgical 
exposure and trajectory to the site of interest 
within the brain or skull [2]. There are two main 
modalities for head positioning in neurosurgery: 
fixed (i.e., in a Mayfield head holder) or unfixed 
(“doughnut” or “horseshoe” head holder). For 
elective brain tumor surgery, the Mayfield head 
holder is the preferred way as a fixed head 
increases safety and is often necessary to use fra-
meless stereotactic navigation systems. The dura-
tion of a brain tumor craniotomy surgery is 
commonly beyond 2–3 h, thus fixation to decrease 
head motion and to prevent scalp pressure ulcers 
is beneficial. Pin placement in the skull is a criti-
cal consideration as portions of the skull (the 
frontal and mastoid sinuses and squamosal tem-
poral bone) are quite thin and may fracture when 
pressure is applied. Pins should be positioned 
well away from the eyes and ears. In patients 
with shunts, care must be taken to avoid pinning 
the valve and distal tubing as this may result in a 
shunt malfunction that can affect the outcome of 
the procedure. In children, smaller pins (and less 
pressure) should be used. An ideal position also 
takes into account the trajectory to access the 
lesion of interest: preferably it should minimize 
the amount of traversed healthy brain and elo-
quent cortex, as well as leveraging gravity to 
minimize brain retraction (i.e., malar eminence at 
highest point so frontal and temporal lobes are 
slightly pulled away by gravity to better access a 
deep lesion through the Sylvian fissure) and 
increase venous return to minimize bleeding and 
decrease intracranial pressure. Body and head 
positioning during a neurosurgical case can have 
lasting impact on postoperative care. Proper posi-
tioning is a key component of postoperative com-
plication avoidance due to decreasing the 
incidence of pressure ulcers, peripheral nerve 
palsies, and rhabdomyolysis which in return 

decreases length of stay and postoperative reha-
bilitation times [3–6].

�Intracranial Tumor Pathology

�Intra-Axial Tumors

Intra-axial tumors are part of the brain and arise 
from precursor cells located within the brain 
parenchyma or from cells metastasizing to the 
brain parenchyma. The most common intra-axial 
primary brain tumor is a glioma (i.e., astrocytoma, 
oligodendroglioma, ependymoma) presumed to 
arise from the non-neuronal lineage and mak-
ing up around 80% of all primary brain tumors 
in adults [7, 8] (Fig. 15.1). Standard of care for 
symptomatic gliomas is most often surgical 
resection and if higher grade is found on histopa-
thology subsequent radiation and chemotherapy 
is recommended [9, 10]. The resection of solitary 
brain metastases, particularly large ones, is asso-
ciated with increased survival and when coupled 
with postoperative radiation, has improved local 
control [11, 12] (Fig.  15.2). Metastasectomy is 

Fig. 15.1  MRI scan of a primary brain tumor, a left poste-
rior frontal glioblastoma
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one of the most commonly performed procedures 
in neurosurgical oncology.

Even superficial lesions on the cerebral cortex 
require considerable thought with respect to 
positioning and the placement of an incision. 
Positioning is key when planning for a corridor 
to a deeper seated intra-axial mass while protect-
ing eloquent brain. The trajectory is particularly 
important when considering adequate illumina-
tion from either a head light or microscope into 
the depth of the resection cavity. Adequate head 
position of the patient is of essence for gravity to 
open a natural corridor to the site of interest to 
minimize brain retraction. An elevated head 
position generally reduces parenchymal edema 
caused by brain irritation from retraction and 
surgical manipulation, often more so with intra-
axial higher grade lesions since they are inti-
mately associated with the brain and may be 
causing significant amounts of perilesional 
edema and inflammation and growth often 
occurs in a highly invasive fashion. Intra-axial 
metastases often cause significant amounts of 
edema due to displacement and compression of 
the brain parenchyma and possibly draining veins. 

Thus, for positioning for intra-axial highly invasive 
or inflammatory lesions, head elevation above the 
heart to support venous return and reduction of 
brain edema by reversing fluid extravasation, as 
well as leveraging gravity to minimize brain 
retraction is key. However, with too much rota-
tion, venous drainage can be compromised by 
occlusion of the jugular veins. Care must be taken 
to ensure that venous obstruction is minimized in 
these situations.

�Extra-Axial Tumors

Extra-axial intracranial tumors are located within 
the skull or at the skull base and reside outside 
the brain parenchyma, if deeper seated and aris-
ing from the skull base these can be some of the 
most challenging lesions to be surgically treated. 
In this paragraph, we will discuss the most com-
mon pathologies for extra-axial non-skull base 
tumors. These are most commonly masses aris-
ing from the meninges and dural based metasta-
ses and less frequently masses stemming from 
the bony skull. These types of tumors often dis-
place the brain and rarely significantly invade the 
brain. Thus, they can cause significant edema and 
mass effect (Fig. 15.3). It is particularly challenging 

Fig. 15.2  MRI scan of a metastatic brain tumor, a left 
temporal sarcoma

Fig. 15.3  MRI of an extra-axial meningioma. This secre-
tory meningioma has significant perilesional edema

15  Special Considerations for Intracranial Tumors
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when those masses are adherent to the dural 
sinuses and/or compress major draining veins 
(i.e., veins going to the superior sagittal sinus, or 
the anastomotic veins of Labbé or Trolard). 
Interrupting a draining vein during surgery can 
cause rapid parenchymal swelling and cause 
venous hemorrhagic strokes resulting in major 
neurologic deficits and even death. Preoperative 
identification of veins is crucial as to identifying 
the best possible head position to obtain a corridor 
as to avoid those critical structures. Dural based 
masses often receive blood supply from dural ves-
sels, thus identifying major feeding arteries early 
and to bipolar and cut them reduces intraoperative 
bleeding and operative time; however, feeding 
arteries must be identified on preoperative imaging 
and when positioning, this must be kept in mind 
as to have early feeding artery access.

�Skull Base Tumors

Skull base tumors are often particularly challeng-
ing to operate on since they are adherent to vital 
structures (i.e., cranial nerves and vessels) pass-
ing through the skull base. Nerves and vessels 
intimately associated with bony canals are often 
fixed and adherent to the bone and fibrous tissue 
and thus minimal retraction can cause major 
injury. Typical skull base pathology encountered 
frequently in neurosurgery includes meningio-
mas (i.e., planum sphenoidale, tuberculum sellae, 
or petro-clival location) in all three cranial fossae 
as well as schwannomas (i.e., vestibular schwan-
noma or lower cranial nerve schwannomas), and 
frequently we encounter either primary or meta-
static carcinomas of the skull base and nasopha-
ryngeal cavities eroding the skull base and 
possibly invading the dura and brain. The skull 
base can be accessed in a 360-degree fashion 
(i.e., trans-sphenoidal from the front and below, 
far lateral for lesions of the foramen magnum or 
lower cranial nerves) with approaches tailored to 
every specific lesion and its relationship to the 
safest surgical trajectory. Special considerations 
for positioning for each of the major skull base 
approaches will be discussed in this chapter. 
Similar to intra- or extra-axial non-skull base 

lesions, the previously described general rules for 
positioning apply. In addition, for skull base 
tumor surgery, while positioning, extra thought 
must be given to adequate padding of the body 
due to the longer duration of skull base cases 
given their complexity. For example, the lateral 
position requires adequate axillary support with 
an axillary shoulder roll to avoid shoulder dislo-
cation and postoperative arm pain and particular 
attention must be paid to padding of common 
nerve pressure points, such as median, ulnar, and 
peroneal nerves. During prolonged surgeries, the 
patient is also at greater risk for extremity deep 
venous thromboses and pulmonary embolisms. 
Thus, it is recommended to elevate the extremi-
ties whenever possible to support venous return 
and avoid pooling of blood in the large venous 
systems (i.e., lower extremities).

�Comorbidities

As mentioned, metastatic brain tumors are the 
most common intracranial tumor diagnosed. 
These patients often present with comorbid con-
ditions that warrant consideration during posi-
tioning. For example, patients with advanced 
metastatic disease will present not only with brain 
metastases, but also extensive lung metastases 
(or in the case of lung cancer, a primary tumor 
that is progressing) (Fig.  15.4). Compromised 

Fig. 15.4  Chest X-ray of patient with metastatic cancer 
demonstrating significant pulmonary involvement
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lung function may require additional ventilatory 
support but may also affect patient positioning. 
For example, a patient with tenuous respiratory 
status may not tolerate prone positioning given 
the increase in peak pressures. This may require 
lateral positioning with head rotation to access an 
occipital or cerebellar lesion, for example.

Patients with primary or metastatic tumors 
may also be corticosteroid dependent. These 
lesions present with significant perilesional 
edema requiring the use of steroids for symptom-
atic relief. Steroids are associated with significant 
side effects however, and can include immuno-
suppression which can compromise wound heal-
ing. As such, care must be taken to ensure 
adequate wound closure given the risk for wound 
healing complications. In general, we advocate 
the use of antibiotic-impregnated irrigation dur-
ing the closure and the maintenance of sutures in 
place for at least two weeks before removal.

Patients may also require repeat surgery for the 
management of recurrent tumors. In this circum-
stances, systemic infections have been reported to 
occur at a higher rate in these patients as well after 
second craniotomy for recurrent tumors [13]. 
Planning for repeat craniotomy is not often con-
sidered for brain tumor surgery, but the value of 
re-resection for recurrent disease has been 
reported [14, 15]. Therefore, preoperative plan-
ning regarding the size of the incision and under-
lying craniotomy should be considered with the 
possibility of recurrent tumor and subsequent 
surgery.

�Positioning for Common 
Approaches: Tricks of the Trade 
and Pitfalls

General considerations for every approach and 
position must include patient safety and room 
setup. Securing the patient to the operating room 
table is critical as patients may be rotated (tilted) 
in either direction and thus are at risk of falling 
off the table. Another important point is to fully 
position the patient before locking in the Mayfield 
as any partial operating table adjustment will 
cause pulling or pushing and may dislodge the 

Mayfield pins causing scalp or skull injury. 
During induction, paralytic agents can be used 
which may facilitate exaggerated head positions 
because of pharmacologically induced muscle 
laxity. However when these paralytics wear off, 
increased pressure on the head may result as 
muscle contractions resume, resulting in slippage 
and scalp lacerations. Once the patient is locked in 
position, it is best to use Trendelenburg (to lower 
the head) and reverse Trendelenburg (to raise the 
head) as this will avoid dislodging the pins. 
Placement of the neuro-navigation camera in the 
room and attachment of the three-point fixation 
head holder to the bed to leave ample room for 
attaching the navigation reference frame is criti-
cal. If the reference frame is blocked by the drap-
ing, nurse’s Mayo stand, or the surgeon, it is 
rendered effectively useless. Operating room 
table selection is also a key consideration. Most 
tables allow for Trendelenburg and reverse 
Trendelenburg movement which is critical for 
various approaches but also to facilitate venous 
drainage (i.e., head elevation in the setting of sig-
nificant cerebral edema). Similarly, most tables 
allow for tilting (left and right, also called “air-
planing”). Care must be taken to ensure the 
patient is secured to the table as it is possible for 
a patient to fall off the operating table if too much 
tilt is used.

�Supine Position

This is the most frequently used patient position 
in neurosurgery and carries minimal risks from 
anesthesiologic and neurosurgical perspectives 
as it is easily achievable and does not involve any 
awkward positioning of the anesthetized patient 
[1]. The face and endotracheal tube are accessi-
ble to the anesthesiologist. Placing the patient in 
the supine position assists the surgeon in main-
taining orientation (Fig. 15.5). There is a slight 
risk with significant head rotation which 
decreases venous return and causes increased 
bleeding and intracranial pressure elevation. 
There is also a slightly increased risk of aspira-
tion as compared to the lateral or prone position 
[16]. As a rule of thumb for supine positioning, 
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the head of the patient is elevated, the hips in 
flexion and legs elevated as to prevent deep 
venous thromboses. Bony prominences (i.e., 
elbows, heels) and peripheral nerve pressure 
points (i.e., ulnar and peroneal nerves) must be 
adequately padded and “seat belt” or adhesive 
tape fixation prevents sliding of the patient when 
the operating table is tilted. There are circum-
stances for which the supine position may be pre-
ferred even if it does not give the best access to a 
particular intracranial lesion. In the setting of 
metastases, this may be preferred due to the fact 
that patients may present with concurrent lesions 
in the lung or mediastinum that may make venti-
lation more difficult (i.e., prone or lateral posi-
tions). Coordination with the anesthesiologist is 
critical to ensure proper patient care and mitiga-
tion of positions that may compromise adequate 
ventilator support.

�Trans-Sphenoidal

Trans-sphenoidal approaches are more frequently 
being performed trans-nasal and less frequently 
sublabial. This is the primary approach for sellar 
pathology including functional or nonfunctional 
pituitary adenomas, Rathke’s cleft cysts, cranio-
pharyngiomas, and other anterior skull base 
pathologies including meningiomas. We use the 
Mayfield head holder with most commonly two 
pins on the left side and one pin on the right, 
about two finger breadths above the pinna, 
although others have described positioning the 
patient on a horseshoe head holder. Depending 
on the exact location and extent of the lesion that 
needs to be accessed, the head position varies; 
however, as a rule of thumb we position the head 
very minimally turned to the operator (5–10°), 
minimally extended and translated up in almost 

Fig. 15.5  Supine position (a and b) of patient undergoing a craniotomy for a lesion in the left frontal lobe depicted in 
the MRI (c)
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neutral or horizontal position. The neuro-
navigation camera is most often positioned at the 
head of the patient, thus the Mayfield attached to 
the surgical table from the inside. We position the 
head of the patient slightly elevated above the 
heart to minimize bleeding and support venous 
return, this is particularly important when work-
ing around the cavernous sinus in a trans-
sphenoidal approach.

For trans-sphenoidal approaches to the clivus 
and posterior fossa slight head flexion (15-degree 
flexion of the forehead-chin line) [17] is recom-
mended to maximize the angle of exposure, it 
follows that exposure of the anterior skull base 
from a trans-sphenoidal route (i.e., tuberculum 
sella meningiomas) requires the patient’s head to 
be positioned in slight extension (10–15° exten-
sion of the forehead-chin line) [18] to obtain a 
more anterior trajectory and thus preventing the 
endoscope and surgical instruments from hitting 
the thorax of the patient [19].

�Frontal/Trans-Frontal Sinus Approach

Most frequently, a bi-coronal or extended bi-
coronal incision is used to access lesions via a 
frontal or trans-frontal sinus approach with or 
without removal of the orbital rim. This approach 
offers excellent exposure for large midline lesions 
extending lateral bilaterally (i.e., large anterior 
skull base meningiomas), as well as for lesions of 
the medial orbits or lesions involving the frontal 
sinus (i.e., nasopharyngeal carcinomas), particu-
larly if a lateral orbito-zygomatic osteotomy or 
classic pterional approach is expected to provide 
insufficient exposure towards the contralateral 
side. Prior to final positioning some surgeons 
may place a lumbar drain given difficulty for CSF 
drainage for brain relaxation using this approach. 
The patient is positioned supine with the head 
above the heart. The three-point fixation pins are 
commonly placed behind the ears as not to inter-
fere with the incision. The head is translated up 
and slightly flexed on the chest and slightly 
extended on the neck [20], and this varies depend-
ing on the exact location of the surgical site of 
interest. Care must be taken not to drape towels 

right above the eyebrows to avoid downward 
pressure to the eyes when the forehead skin flap 
is elevated and retracted anteriorly.

�Orbito-Zygomatic and Pterional 
Approaches

The orbito-zygomatic osteotomy (OZO) is an 
extended pterional approach and can be per-
formed in one- or two-piece fashion [21]. OZO 
is most frequently used in skull base and vascu-
lar neurosurgery; however, it is the preferred 
approach as well for neoplastic lesions located in 
the petro-clival and spheno-orbital areas [22], as 
well as tumors located in the vicinity of the basi-
lar apex (Fig.  15.6). The patient is positioned 
supine on the operating table, an ipsilateral small 
shoulder roll can be placed if higher degree rota-
tion is needed, and the patient’s neck is not sup-
ple enough; and the head generally rotated 
30–60° to the side contralateral to the pathology. 
While rotation is increased for tumors located in 
the anterior and middle cranial fossae, rotation is 
reduced for lesions involving the clivus and pos-
terior fossa. The head is slightly extended 
towards the floor, this together with the rotation 
will bring the malar eminence to the most supe-

Fig. 15.6  MRI scan of a spheno-orbital meningioma that 
may be approached with an orbito-zygomatic approach
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rior point in the operative field [22, 23]. This is 
identical to the classic pterional craniotomy and 
positioning, and having the malar eminence 
highest in the operative field is an indirect mea-
sure for the location of the Sylvian fissure and 
will take advantage of gravity to allow both the 
temporal and frontal lobes to naturally fall away, 
thus minimizing the need for retraction and thus 
retraction-associated injury.

In addition to the combined pterional/OZO 
approach, the pterional (frontotemporal) crani-
otomy alone is one of the most frequently used 
craniotomies in neurosurgery and is the work 
horse approach for internal carotid and middle 
cerebral artery aneurysms and a wide range of 
neoplastic lesions of the frontal and temporal 
lobes, Sylvian fissure or deeper lesions such as 
sphenoid ridge, tuberculum sellae, or third ven-
tricular locations. The head is generally slightly 
extended and turned 30° away from the site of 
interest.

�Temporal

For approaching a temporal lesion either a trans-
temporal or subtemporal route can be chosen; the 
patient is positioned supine with a shoulder roll 
behind the ipsilateral back to allow for 
60–80-degree head rotation towards the contra-
lateral side. Often a straight or slightly curved 
incision above the ear is chosen. For subtemporal 

approaches, a higher degree of head tilt is recom-
mended and thus often lateral patient position is 
chosen. The approach to a temporal tumor, par-
ticularly one that requires access to the mesial 
temporal lobe is facilitated by placing the head 
with slight vertex towards the floor. This helps 
the surgeon reach the mesial temporal structures 
including the uncus. For subtemporal approaches, 
particularly those to the brain stem, placement of 
a lumbar drain is sometimes helpful to assist with 
superior retraction of the temporal lobe. 
Considerations for the lateral position will be 
discussed in the following paragraph.

�Lateral Position

The lateral position is used for patient requiring 
subtemporal, skull base (including approaches 
to the apical portion of the petrous bone), peri-
petrous, and posterior fossa approaches. For 
supratentorial brain tumors, particularly those in 
the parasagittal location just lateral to midline, the 
lateral position can be very helpful. We find that 
having the tumor side dependent (i.e., towards 
the floor) can facilitate brain retraction as gravity 
will naturally let the ipsilateral hemisphere retract 
away from the falx (Fig.  15.7). General risks 
include brachial plexus injury, stretch injuries 
(axillary trauma), and pressure palsies (i.e., supra-
scapular nerve injury), and direct compromise of 
upper extremity perfusion caused by compression 

Fig. 15.7  Tumor on the 
right side of the falx is 
approached with the 
tumor side down. The 
patient is positioned in 
the right lateral 
decubitus position
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by an axillary roll. From the anesthesiology stand-
point, ventilation-perfusion mismatch can occur 
[1]. Lateral, as compared to supine, positioning 
may lead to decreases in mean arterial pressure, 
venous return, stroke volume, and cardiac output; 
it may also decrease total lung capacity and the 
jugular venous resistance. In return, heart rate, 
systemic vascular resistance, and V/Q mismatch 
may increase [1]. Thus, particularly with sig-
nificant neck flexion, intracranial pressure may 
increase dramatically. Attention is required for 
positioning the patient’s lower arm due to poten-
tial injury to brachial plexus and axillary artery. 
We place an axillary roll under the upper chest as 
to alleviate the axilla from direct pressure and the 
dependent arm is positioned below the operating 
table on a low arm board or pillow padded on the 
three-point fixation extension which connects 
to the table. The upper arm is positioned on a pil-
low or high arm board and is taped to the body 
and operating table. Proper functioning of intra-
venous and arterial lines after positioning must 
be ensured and nonfunctional arterial lines of the 
dependent arm can indicate that the axillary roll 
was incorrectly placed. A pillow is placed between 
the legs and as a rule, also for the lateral position, 
a V-shaped body configuration must be aimed for 
as to elevate the head above the heart and support 
venous return from the lower extremities as to 
minimize risk for deep venous thromboses.

�Retrosigmoid

The retrosigmoid approach is commonly used for 
lesions of the cerebellopontine angle (e.g., ves-
tibular schwannomas, epidermoid cysts, menin-
giomas) [24]. Some surgeons advocate supine or 
sitting position; however, most frequently a lat-
eral or three-quarter prone position is chosen as 
to minimize head rotation. Mayfield three-point 
fixation is used and generally three movements 
for head positioning are performed: first, contra-
lateral rotation for positioning the temple paral-
lel to the floor; second, contralateral bending so 
the vertex is slightly tilted towards the floor; and 
third, slight neck flexion as to open the cervical-
suboccipital angle [25]. This also minimizes the 

soft tissue depth over the foramen magnum and 
will allow for more direct access for CSF drain-
age. As described above, attention must be paid to 
adequately pad the dependent axilla and correctly 
placing an axillary roll as well as taping down 
the superior shoulder towards the patient’s legs 
without causing brachial plexus stretch injury. 
In addition to using a bean bag, we suggest plac-
ing at least two belts or using silk tape to secure 
the patient, which is performed in anticipation of 
tilting the operating table during the procedure to 
maximize visualization of the lesion.

�Far Lateral

The far lateral approach is an extension of the ret-
rosigmoid approach. The patient position is com-
monly lateral (park bench) or three-quarter prone 
and is best suited for lesions lateral and anterior to 
the brain stem, foramen magnum, and jugular 
foramen region [26]. The patient’s head is tilted 
slightly towards the floor and also slightly trans-
lated superiorly to open up the space between the 
edge of the mastoid and the transverse process of 
the atlas [26]. Lesions requiring a far lateral 
approach are often near cranial nerves (i.e., 
lower cranial nerves for jugular foramen pathol-
ogy) and thus, if neuromonitoring is used, atten-
tion must be paid to properly test and secure 
electrodes before starting the case. Electrodes 
often get dislodged if the patient is repositioned 
or signals can be lost if the patient is not properly 
positioned (i.e., compression of the axillary 
artery by direct pressure from an improperly 
placed support roll for axilla and shoulder). 
Thus, careful electrophysiology baseline assess-
ments and testing of the hardware is key prior to 
starting the case.

�Parieto-Occipital

Parieto-occipital areas in the brain can commonly 
be approached with the patient in either prone or 
three-quarter prone position. For the latter patient 
position, similar principles apply as for the lateral 
position. Either a bean bag or sufficient padding 
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is required and extra attention must be paid to the 
dependent arm and adequate shoulder support 
using a properly placed axillary roll. If the lesion 
approached is close to midline even with a three-
quarter prone position, the head must be signifi-
cantly turned and this is best used for patients 
with a sufficiently supple neck. Careful attention 
must be paid to pinning the patient’s head, 
whereas the single Mayfield head clamp pin goes 
to the ipsilateral lateral forehead avoiding the 
supratrochlear nerve and vessel bundle; the dual 
pin side of the clamp goes to the contralateral 
mastoid region as far off midline as possible. 
This will avoid blocking a skin incision past 
midline for lesions that are attached to midline 
structures (i.e., superior sagittal sinus) or cross-
ing midline. Of note, particularly when pinning 
in the retro-auricular or mastoid region, 
ventriculo-peritoneal shunt catheters passing the 
region must be avoided.

�Prone and Sitting Position

�Suboccipital

The suboccipital craniotomy is most often per-
formed with the patient in prone position, less 
frequently a sitting position can be used. This is 
surgeon preference and guided by specific safety 
and monitoring concerns with sitting position 
(i.e., venous air embolism and need for precor-
dial Doppler monitoring). In this paragraph, we 
will focus on the classic prone position and also 
discuss the sitting position.

Prone position is generally the choice for 
approaches to the posterior fossa, suboccipital 
region, and posterior approaches to craniocervi-
cal junction and spine in neurosurgical oncology 
(Fig. 15.8). These approaches include tumors in 
the vermis, medial aspect of the cerebellar hemi-
spheres, and dorsal or dorsolateral lesions at the 
foramen magnum or craniocervical junction. 
Prone position provides excellent exposure for 
the abovementioned regions without having an 
increased risk for venous air embolisms as com-
pared to the sitting position [1]. Prone position is 
one of the more challenging positions in neuro-

surgery from the standpoint of our anesthesia col-
leagues since it requires disconnecting the 
intubated patient from the circuit and rotating the 
patient prone onto the operating table. Positioning 
an intubated patient prone challenges hemody-
namics as well as simple physical logistics such 
as keeping in place venous and arterial lines, 
Foley catheter, the endotracheal tube, and possi-
ble neuromonitoring electrodes amongst others. 
Other caveats are access to patient’s airway, 
pressure sores, vascular compression, restrictive 
pulmonary compromise (i.e., overly tight taping 
of the patient to the operating table), brachial 
plexus injuries, and blindness [1, 27]. Turning 
the patient prone from the supine position 
increases intra-abdominal pressure, decreases 
venous return to the heart, and may increase sys-
temic and pulmonary vascular resistance [28]. 
Although the cardiovascular responses to posi-
tioning prone mostly have been characterized in 
the setting of acute respiratory distress syndrome 
[29], yet, data suggest that left ventricular ejec-
tion fraction and cardiac index may decrease and 
thus causing hemodynamic instability [30]. 
Tissue oxygenation, however, may improve with 

Fig. 15.8  MRI scan of a patient with a hemangioblas-
toma in the midline involving the cerebellar vermis
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prone positioning because of improved matching 
of ventilation and perfusion [1, 29, 31]. The 
patient is anesthetized in the supine position, and 
then turned prone with the head in neutral posi-
tion onto soft chest rolls, a special frame, or oper-
ating table (e.g., Wilson frame, Jackson table). 
Cranial tumor procedures may benefit from the 
assistive positioning devices providing support to 
the patient’s chest while reducing pressure to the 
abdomen, which in return improves ventilation, 
avoiding hypercapnia and decreasing bleeding by 
optimizing venous return [32]. For patients who 
are morbidly obese, operating room tables that 
can accommodate these patients may be used. 
For prone position patients, care must be taken to 
use wide gel rolls or padding in order to ensure 
that a large pannus is not compressed as this may 
increase intrathoracic pressure and make ventila-
tion more difficult.

The sitting position was commonly used for 
posterior fossa surgery and for posterior cervical 
approaches; however, many neurosurgeons are 
shifting away from sitting position due to the 
additional risk of hemodynamic instability and 
venous air embolisms [33, 34], which in return 
requires additional monitoring such as precordial 
Doppler and possibly a right atrial central venous 
catheter to aspirate air emboli. The sitting posi-
tion provides little benefit over the prone posi-
tion, except significantly lower cranial venous 
pressure and thus decreased risk of bleeding [32]. 
The sitting position can help with retraction, 
particularly for infratentorial supracerebellar 
approaches. However, lower venous pressure and 
pooling of blood in the lower extremities carries 
significant additional risk for hypotension, 
venous air embolism, and lower extremity deep 
venous thromboses [35]. Sitting position also 
increases the risk for pneumocephalus and sub-
dural hematoma [36], thus most surgeons may 
consider the sitting position to carry greater risks 
than benefits. The mechanisms of venous air 
embolism include negative venous pressure and 
exposure of veins and venous sinuses to air during 
surgery. A large venous air embolism may decrease 
cardiac output by creating a right ventricular out-
flow air trap [37] and provoke acute right heart 
strain and significant myocardial ischemia. 

The incidence of venous air embolism in the 
sitting position may be estimated at 20–50% 
when precordial Doppler monitoring is used for 
detection [33], and 76% when transesophageal 
echocardiography is used for detection [38]. A 
patent foramen ovale should be excluded before 
every case [39], as it is a source of paradoxical air 
embolism and stroke [40]. In addition to standard 
monitoring, such as pulse oximetry and end tidal 
carbon dioxide, precordial transthoracic Doppler 
is used for early detection of venous air embo-
lisms [41]. If a Doppler is not available, attention 
must be paid to acute decreases in end tidal car-
bon dioxide concentrations in the presence of 
hypotension as a warning sign for venous air 
embolism. In case of a venous air embolism, the 
surgical wound must be extensively irrigated, the 
site of venous air entry must be lowered relative to 
the patient’s heart (usually by placing the patient 
in Trendelenburg), the patient has to be placed in 
left lateral decubitus position (left side down) to 
potentially untrap the right atrial outflow tract, if 
possible air can be aspirated from the right atrium 
via a central venous catheter, and cardiovascular 
support with vasopressors must be initiated in 
case of hypotension [42].

Despite the associated risks, sitting position is 
the preferred position for many neurosurgeons to 
access the posterior fossa and posterior cervical 
spine, bearing the pathophysiology and diagnos-
tic signs of venous air embolisms in mind, as well 
as being prepared to respond in case of such an 
emergency, will create a safe environment to carry 
out the operation.

�Awake Craniotomies

Awake craniotomies deserve special discussion 
due to the unique requirements. We typically 
employ the lateral or supine with a bump behind 
the ipsilateral shoulder. Significant care is taken 
to ensure that the patient is comfortable prior to 
intubation. For patients in the supine position, we 
will place a gel roll underneath the ipsilateral 
shoulder so that the patient is lying at a 45-degree 
angle. The head is then rotated further to the 
contralateral side. In our experience, patients will 
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complain during the procedure of pain in the 
dependent hip and the dependent shoulder. We 
place a pillow between the legs. Recently, we 
have employed the technique of placing a sequen-
tial compression device stocking underneath the 
gel padding directly under the dependenthip. The 
device inflates and deflates during the procedure 
and this has provided significant relief to our 
patients during surgery. After the patient verifies 
that he or she is not experiencing any discomfort 
in our preferred position, we then place the 
patient under anesthesia using a laryngeal mask 
airway (LMA). The LMA technique has proven 
valuable to us because it is not as uncomfortable as 
an endotracheal tube and it allows us to proceed 
with the portions of the procedure prior to expo-
sure of the brain with efficiency as the patient is 
unlikely to feel discomfort or pain. Care is taken 
during draping to ensure that the anesthesiologist 
has access to the patient’s face. The head may be 
slightly extended to allow for easy placement and 
removal of the LMA. A neutral position is also 
favorable; however, we try to avoid flexion as this 
position makes it difficult to place the LMA. We 
use three-point fixation for our awake craniotomy 
patients and the single pin is positioned such that 
the patient’s vision is minimally obstructed. Once 
the brain is exposed, we then ask the anesthesi-
ologist to proceed with removal of the LMA. 
This is generally a very smooth process. Once the 
LMA is removed, the patient is given time to 
wake up and cooperate with testing. We generally 
try to keep the patient awake for testing no more 
than 2 h as fatigue will set in and the patient will 
have difficulty cooperating. When having the 
patient awake is no longer necessary, the anesthe-
siologist will typically replace the LMA after 
sedating the patient. The LMA remains in place 
until the operation is completed.

�Summary

Positioning for procedures in neurosurgical 
oncology has special considerations. Proper 
positioning has direct implications to safety and 
efficiency of the actual surgery, perioperative 

care, and has lasting implication on postoperative 
morbidity and long-term follow-up. Many 
patients will present with increased intracranial 
pressure from their tumors. Thus, positioning to 
minimize cerebral edema is a key consideration. 
Taking advantage of gravity (placing the patient 
and tumor in a dependent position) may be help-
ful. Positioning the head such that the tumor is 
most accessible (often at the highest point of the 
field) is also useful for tumor resections. The 
location of the tumor is key to proper positioning 
and should dictate the approach. Unlike other 
neurosurgical procedures that have potentially 
predictable locations of pathology (e.g., temporal 
lobectomy for mesial temporal sclerosis), slight 
variations in tumor location can significantly 
alter the positioning and approach.

Patient positioning in neurosurgery, frequently 
under-emphasized in the literature, is a key part 
of neurosurgery and an absolute necessity to 
safely conduct and perfect the neurosurgical 
operation. The most fundamental neurosurgical 
principles such as immobilizing the patient’s head 
in a head holder, properly registering the neuro-
navigation, illumination of the surgical field, 
exposure of the brain tumor leveraging gravity to 
reduce brain retraction, hemostasis, CSF drain-
age, and brain relaxation as well as optimizing 
hemodynamics and creating an environment for 
safe anesthesia all depend on proper positioning 
of the patient and careful preoperative planning 
by the neurosurgeon.
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Special Considerations 
for Pediatric Positioning 
for Neurosurgical Procedures

Michael DeCuypere

Abbreviations

CSF	 Cerebrospinal fluid
VP	 Ventriculoperitoneal

�Introduction

The proper positioning of infants and children 
undergoing neurosurgical procedures presents 
special challenges to the neurosurgeon, anesthe-
siologist, and operating room care team. This is a 
direct result of age-related differences in surgical 
lesions, as well as anatomical and physiological 
differences in children. With this being said, there 
are many similarities in regard to general posi-
tioning guidelines of adult patients undergoing 
neurosurgery. This chapter will focus only on 
special considerations when positioning pediatric 
patients for the most commonly encountered 
procedures.

�Age Terminology

Children undergo a wide range of neurosurgical 
procedures, from elective to emergent and life 
saving. When considering optimal positioning, 
the care team should always take into account the 
patient’s chronological age and developmental 
level. While most procedures are performed 
within dedicated pediatric medical centers, a 
significant number are found in adult centers, 
underscoring the importance of recognition of 
the special needs of each pediatric age group. The 
most commonly used terms for discussing pedi-
atric age groups are:

•	 Premature newborn—born prior to 37 weeks 
gestation

•	 Newborn—less than 72 h of age
•	 Neonate—first 28 days of life
•	 Infant—neonate to 12 months of age
•	 Toddler—13 to 24 months
•	 Childhood—2 years to 11 years of age
•	 Adolescence—12 to 18  years of age (some 

sources 21 years of age [1])

The special needs of each age group will be 
mentioned as necessary in the following sections. 
If no age group is specifically mentioned, it can 
be assumed that the particular principle will 
apply to all age groups.
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�General Principles of Pediatric 
Positioning

As is the case with adults, careful preoperative 
planning is essential to allow adequate access to 
the patient for both the surgeon and anesthesiolo-
gist. During pediatric procedures, a small neo-
nate or infant may quite literally disappear under 
the surgical drapes. Therefore, the anesthesiolo-
gist must ensure an unobstructed view of the 
child during surgery. This includes access to the 
airway and all lines (arterial lines, intravenous 
lines, urinary catheter, and ventriculostomy/lum-
bar drain tubing).

The endotracheal tube should be secured care-
fully and intuitively based on the procedure. The 
patient’s airway should always be accessible dur-
ing the procedure. When drapes are applied to the 
face area, care should be taken to avoid attaching 
them to or around the endotracheal tube. This is 
especially important when using sterile adhesive 
drapes commonly found in pediatric medical 
centers.

All pressure points should be padded and 
peripheral pulses checked or prevent compres-
sion or injury. Bed sheets or disposable bed linen 
is commonly used for tucking and securing upper 
extremities to the bed. If bed rotation is antici-
pated, padded straps are secured across the 
patient and bed maneuver testing is carefully per-
formed prior to sterile drape application. It is 
imperative to prevent skin and soft tissue injury 
due to improper contact with objects such as 
instrument stands (if utilized) and grounding 
wires.

Several physiologic effects of body and head 
position should be considered during preopera-
tive planning and utilized as needed. In most 
cases, the body habitus of children is much more 
amenable to changes of positioning given there 
smaller size. However, some older adolescents 
may approach or even surpass adults in weight 
and height. Head elevation (in either supine or 
prone position) will offer enhanced cerebral 
venous drainage and decreased overall cerebral 
blood flow. This position may also cause 
increased venous pooling in the lower extremities 

and postural hypotension in children, however. 
Conversely, the head down position will increase 
cerebral venous and intracranial pressure. This 
position may be beneficial during venous sinus 
injury, but will also result in decreased functional 
residual capacity and lung compliance. The prone 
position, one of the most common utilized in 
pediatric neurosurgery, often results in venous 
congestion of the face and neck, as well as veno-
caval compression. Head flexion should also be 
mentioned here, as this position is sought in 
many prone procedures.

Extreme flexion, however, should be avoided 
as this may lead to brainstem compression in 
those patients with certain mass lesions of the 
lower posterior fossa. This may also cause endo-
tracheal obstruction from kinking or displace-
ment to the carina or main stem bronchus. 
Likewise, extreme head rotation may impede 
venous return via the jugular veins and lead to 
increased intracranial pressure, impaired cerebral 
perfusion and venous bleeding.

�Thermal Homeostasis

Maintenance of normothermia, with avoidance of 
both hypothermia and hyperthermia, is the goal 
of intraoperative thermoregulation. Neonates and 
infants are especially susceptible to hypothermia 
during surgical procedures due to their large sur-
face area-to-weight ratio. Large head size relative 
to body size, thin skin, lack of subcutaneous fat, 
and limited compensatory mechanisms puts these 
patients at risk for rapid heat loss [2].

Hypothermia can be prevented warming the 
room to at least 23  °C (73.4  °F), ensuring the 
patient’s temperature is at least 36 °C (96.8 °F) at 
surgical start and using warmed intravenous flu-
ids. Patient insulation, forced-air warming 
devices, and circulating water mattresses are 
additional methods of preventing surgical hypo-
thermia. It is vital to remember the importance of 
normothermia for adequate emergence from 
anesthesia, and the time required for rewarming 
even a mildly hypothermic child, especially a 
neonate or infant.

M. DeCuypere



207

�Head Immobilization Devices 
and Pediatric Patients

Head immobilization devices, such as the 
Mayfield skull clamp (Integra LifeSciences, 
Plainsboro, New Jersey), serve to immobilize the 
head during surgery and support pressure from 
surgical manipulation. While widely utilized in 
adult neurosurgery, immobilization device use in 
pediatrics is lower and remains a function of sur-
geon preference. Despite common availability, 
there are few reports of complications in the lit-
erature and virtually no guidelines for their safe 
usage in children. This has led to wide opera-
tional variability amongst surgeons, even within 
the same institution. Most commonly, infants 
under the age of 1 are not immobilized with a 
pinning device and pediatric size pins are utilized 
in patients under the age of 10. However, there is 
wide variability of practice in the pediatric neuro-
surgical community regarding the size of pins 
and torque screw reading (lbs) applied [3]. At our 
institution, for instance, immobilization devices 
are not utilized in patients less than 1 year of age 
and adult pins are used in all children who are 
placed in immobilization devices. The typical 
torque screw reading is variable, but we start at 
10 lbs per year of age up to 50 lbs.

Due to weaker (thinner) bones of the skull, 
children are felt to be more susceptible to compli-
cations associated with head immobilization 
devices than adults [4]. Some complications of 
immobilization devices in children have been 
reported in the literature and include depressed 
skull fractures, epidural hematomas, pneumo-
cephalus, and venous air embolism [5, 6]. It 
appears, however, that the overall rate of compli-
cations associated head immobilization device 
use is low. A recent, large retrospective study of 
MRI-compatible head immobilization device use 
in children revealed a complication rate of 0.7%, 
while conventional head immobilization device 
use yielded a 0.2% complication rate [7].

The presence of prolonged increased intracra-
nial pressure tends to predispose children to com-
plications while placing a head immobilization 
device. Prolonged increased intracranial pressure, 

typically chronic and on the order of months, can 
lead to decreased thickness of the cranial vault 
and thus higher incidence of pin-plunging with 
application, event at low torque screw pressures 
[8–10]. As a general guide, caution should always 
be observed while applying a head immobiliza-
tion device in pediatric patients. Whenever pos-
sible, one should avoid using pin-type 
immobilization devices, if possible, and opt for a 
padded horseshoe-shaped headrest instead. While 
applying a device, certain warning signs should 
prompt one to stop and re-assess the safety of the 
patient (including neuroimaging). These include 
pins going too deep within the scalp/skull (pin 
plunge), cracking sounds, or a torque screw not 
reading properly or losing pressure.

�Prone Positioning in Children

The prone position is frequently utilized in pedi-
atric neurosurgery, most commonly for posterior 
fossa and spinal surgery. A spectrum of stretch 
injuries and compression issues can be associated 
with this position, in addition to the above-
mentioned physiologic sequelae. Optimal prone 
position of a toddler is depicted in Fig. 16.1. This 
section will examine this position in detail.

Anesthesia is induced and all vascular access 
is obtained while the patient is in the supine posi-
tion. A urinary catheter is placed if the procedure 
is expected to last longer than 2 h or if urinary 
output measurement is needed. It requires a care-
ful and combined effort to flip the patient into the 
prone position, paying special attention to keep all 
lines and tubes intact. Typically, this maneuver is 
led by the anesthesiologist, with all members of 
the operating room team assisting. It should be 
noted that small body size does not always make 
for easier supine-to-prone transition, especially in 
neonates.

As mentioned above, the choice of head 
immobilization device is made on a case-by-case 
basis and a padded “U” shaped or horseshoe head 
holder should be utilized whenever possible. 
When using this immobilization device, care 
should be taken to avoid unnecessary compression 
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of the eyes bilaterally. This is achieved by adjust-
ing the width of the device and padding the face 
with additional foam as needed. With proper uti-
lization, the horseshoe head holder can easily 
maintain a flexed head position without causing 
any untoward compression of the eyes or face. As 
mentioned above, care should be taken to avoid 
over-flexion of the head during prone position-
ing, which can lead to endotracheal tube issues 
and compression of the chin on the chest. 
Typically, at least one finger’s breadth of clear-
ance is needed between the chin and chest area. 
Over-flexion for extended periods can also lead 
to tongue edema due to blockage of venous or 
lymphatic drainage, which may cause post-
extubation airway obstruction.

Padding is placed under the chest and pelvis to 
support the torso and minimize any increase in 
abdominal or thoracic pressure. This can be 
achieved in a variety of ways. In neonates and 
infants, two transverse-oriented padded rolls are 
fashioned from foam and sized appropriately to 
support the weight of the child. In children and 
adolescents, parallel-oriented chest rolls can be 
utilized as in adults. Ensuring free abdominal 
wall motion is imperative in either case, as 
increased abdominal pressure can lead to 
impaired ventilation, venocaval compression, 
and increased epidural bleeding.

Supplemental padding should be used liber-
ally and placed under the elbows (prior to arm 
tucking, if necessary) and knees. It is important 

to remember thermoregulatory issues, and blan-
kets and warmers can be added as necessary after 
padding is complete (Fig. 16.1).

�Special Circumstances in Pediatrics

�Neonatal Surgery

Most surgery on neonates is performed on an 
urgent basis and, as such, neonates tend to have 
higher perioperative morbidity than other pediat-
ric age groups. Uncovering congenital anoma-
lies, particularly of the heart and lungs, in the 
operating room may manifest as hypoxia and 
hemodynamic instability. This underscores the 
importance of easy access of the anesthesia team 
to the patient and should be planned for during 
positioning.

In particular, closure of a myelomeningocele 
presents unique problems for the operating room 
team. Tracheal intubation with the child in supine 
position may lead to rupture of membranes cov-
ering the exposed spinal cord (Fig.  16.2). 
However, supine intubation can be performed 
safely by supporting the child on “doughnut” or 
ring-shaped padding with the myelomeningocele 
in the center. Sometimes, for instance in the case 
of a large myelomeningocele, the lateral decubi-
tus position can be utilized for intubation. 
Excision and repair of the myelomeningocele is 
performed in the prone position and can be 

Fig. 16.1  Infant 
positioned prone on the 
horseshoe headrest. Note 
the supplementary 
padding added to the 
face area
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combined with insertion of a ventriculoperito-
neal shunt for hydrocephalus afterward in the 
supine position [11].

�Hydrocephalus and Shunt Procedures

Hydrocephalus refers to an increased volume of 
CSF due to either over production or reduced 
uptake within the brain. The urgency of surgical 
intervention is related to several factors, most 
commonly raised intracranial pressure. The sur-
gical management of hydrocephalus is CSF 
diversion from the ventricles to another body 
cavity, such as the peritoneum, pleural space, or 
right atrium. The placement of a VP shunt is the 
most commonly performed pediatric neurosurgi-
cal procedure. Alternatively, CSF diversion can 
be accomplished endoscopically, by performing 
a third ventriculostomy.

Preparation for VP shunt placement typically 
requires skin exposure from the head to the lower 
abdomen. As such, heat conservation strategies 

should be utilized, especially in premature 
newborns and neonates. The patient is positioned 
supine with the head turned to the opposite side 
of the proximal shunt. A padded roll is typically 
placed under the shoulders to elevate the torso for 
ease in tunneling the distal shunt tubing. The sur-
geon may need to manipulate the patient’s head 
during the procedure (for instance, during ven-
tricular cannulation) and the anesthesia team 
should be notified and prepared during this 
maneuver. The anesthesiologist may even want to 
manually hold the endotracheal tube in place 
under the surgical drapes. Intraoperative tunnel-
ing of the shunt tubing may be particularly stimu-
lating, and the anesthesia team should be notified 
when this part of the procedure is happening to 
provide additional pain control.

Endoscopic third ventriculostomy surgery can 
be performed with the patient’s head in a pin-type 
immobilization device or in a horseshoe headrest 
based on surgeon preference (Fig. 16.3). Frameless 
image navigation now makes rigid head fixation 
unnecessary.

Sometimes children present with severe, 
chronic hydrocephalus, with gross enlargement 
of the head (macrocephaly). This will present 
challenges to positioning, but also with airway 
management. The head may be a large proportion 

Fig. 16.2  Neonate positioned supine for myelomeningo-
cele closure

Fig. 16.3  A child positioned supine on the horseshoe 
headrest for an endoscopic procedure
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of the patient’s body weight and thus must be 
supported appropriately when moving the patient. 
Intubation may need to be performed in the lat-
eral decubitus position to avoid unnatural cranio-
cervical manipulation. Otherwise, standard 
positioning approaches are utilized with empha-
sis on robust padding for the head.

�Pediatric Brain Tumors

Brain tumors are the most commonly encoun-
tered solid tumor of childhood, and the majority 
of these lesions occur in the posterior fossa. 
Surgery for these lesions, therefore, almost 
always requires the prone position. At our institu-
tion, we have virtually eliminated the use of the 
sitting position for posterior fossa surgery in chil-
dren. Rotation and elevation of the operating 
room bed may be required during the procedure 
and thus rigid head immobilization in pins is fre-
quently used. All possible bed positions should 
be carefully tested prior to starting surgery to 
ensure patient safety, especially when multiple 
corridors of surgical approach are anticipated 
(Fig. 16.4).

�Surgery for Craniofacial 
Abnormalities

Craniosynostosis is defined as the premature clo-
sure of one or more skull sutures and usually 
occurs in otherwise healthy children. The best 
results are obtained if surgical repair is performed 
early in life, usually before 12  months of age. 
Surgery for cranial remodeling is varied and 
involves the removal of the part(s) of the skull 
vault by a neurosurgeon, followed by refashion-
ing by craniofacial plastic surgeons. Typically, 
the patient is positioned supine with some degree 
of head flexion. The use of a horseshoe head 
holder may be useful and the chin should be pad-
ded between contact areas with the chest. Ocular 
lubricant should be placed in the eyes and eyelids 
taped shut (if possible) as the upper face may fall 
into the surgical field during these procedures. It 
is important to inspect all tape or occlusive dress-

ings of the face below the orbital rim to avoid 
excessive facial edema. These procedures are 
associated with a significant loss of blood volume 
and perioperative transfusion is invariable 
required. Thus, ready access to all vascular lines 
is paramount.

�Epilepsy Surgery

The surgical treatment of medically intractable 
epilepsy is common in children and may range 
from focal cortical resection, corpus callosotomy, 
or hemispherectomy, to placement of a vagal 
nerve stimulator. These procedures are typically 
performed in the supine position (rarely prone), 
often utilizing the horseshoe headrest (Fig. 16.5). 
However, it should be noted that these procedures 
are usually performed with a neurologist in the 
operating room during electrocorticography and 

Fig. 16.4  A child positioned prone in a head immobilizer 
for brain tumor resection. Note the planned incision 
includes a midline posterior fossa approach in combina-
tion with a retrosigmoid approach. This approach is uti-
lized for large ependymomas. This will require significant 
lateral operative bed mobility
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thus open access to the surgical field by the epi-
lepsy monitoring team is necessary. At our 
institution, these procedures are typically per-
formed in larger operating rooms to accommo-
date the increase in personnel.

�Trauma

A small child’s head is often the point of impact 
in traumatic injuries and craniotomy for trauma 
is a common procedure in pediatric neurosurgery. 
These procedures are typically performed in the 
supine position, with a padded roll placed under 
the ipsilateral shoulder to aid in head rotation 
(achieving a semi-lateral position). The head can 
be placed on a ring-shaped pad on the operating 
bed or on the horseshoe headrest. Although cer-
vical fractures are less common in children than 
in adults, cervical spine immobilization remains 
essential to avoid secondary injury by manipula-
tion of the patient’s neck during positioning or 
airway during intubation.

�Spine Surgery

The most common indication for laminectomy in 
pediatric patients is spinal dysraphism, and many 
of these patients have undergone previous myelo-
meningocele closure followed by several other 
procedures. Thus, release of a tethered spinal cord 
will often require electromyographic monitoring 
(including the anal sphincter) during surgery. The 
prone position is utilized with appropriate pressure 
point protection. As a result of increased cervical 
spine mobility in children, the head may be turned 
to one side and placed on a ring-pad on the opera-
tive bed during the procedure. Urinary catheters 
are usually placed and continued postoperatively, 
as these patients typically require bed rest for at 
least 24 h after surgery. Electromyographic elec-
trodes are placed after the patient is moved into the 
prone position. A clear surgical drape is often uti-
lized for direct visualization of the lower extremi-
ties if nerve root stimulation will be performed 
during surgery. It is important to discontinue or 
antagonize muscle relaxants to allow for adequate 
monitoring.

�Conclusion

The positioning of pediatric patients for neuro-
surgical procedures presents unique challenges 
to the neurosurgeon, anesthesiologist, and ancil-
lary operating room team. While the prone posi-
tion is commonly encountered in pediatric 
neurosurgery, it has several nuances that differ 
from positioning in adult patients. A thorough 
understanding of age-dependent variables (such 
as thermal regulation) and proper positioning 
practices is essential for minimizing periopera-
tive morbidity.
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�The Polytrauma Patient

�Case 1 Illustration

A 29-year-old male arrives as a level 1 trauma 
activation after prolonged extrication at the site 
of a multi-vehicle collision. The patient is intu-
bated, in a cervical collar and on a backboard 
with a Glasgow coma scale of 7-I on arrival. 
Initial vital signs show a systolic blood pressure 
of 75/40 and a pulse of 128 despite aggressive 
resuscitation with crystalloid. The primary and 
secondary surveys are completed. A Foley and 
femoral line are placed. On initial neurosurgical 
evaluation, the patient does not open eyes, is 
intubated, his pupils are equal and reactive to 
light, and the motor examination is asymmetrical 
with withdrawal of the left upper extremity and 
both lower extremities, and brisk localization of 
the right upper extremity. FAST exam shows free 
fluid in the abdomen. Blood pressure is stabilized 
after transfusion of packed red blood cells, plate-
lets, and fresh frozen plasma, and the patient is 
able to be taken to the CT scanner.

Head CT reveals an acute 7 mm thick holohe-
mispheric right-sided subdural hematoma lead-
ing to 1.2  cm of midline shift and multiple 
scattered cerebral contusions. Rapid review of 
the CT of the cervical spine shows no evidence of 
fracture or dislocation. Before the remaining 
trauma scans can be obtained the patient becomes 
hemodynamically unstable once again with sig-
nificant hypotension and tachycardia, despite fur-
ther aggressive resuscitation. Given the CT head 
findings and the FAST findings, the decision is 
made to take the patient emergently to the operat-
ing room (OR) for a right-sided craniotomy and 
subdural hematoma evacuation with consideration 
for leaving the bone flap out depending upon oper-
ative findings, and a simultaneous exploratory 
laparotomy. In order to provide appropriate access 
for the neurosurgery, trauma surgery, and anesthe-
sia teams, a collaborative approach to patient posi-
tioning is required.

�Positioning for Simultaneous 
Surgeries

As illustrated in the case presentation, the hypo-
tensive polytrauma patient harboring multiple 
severe injuries requires evaluation by trauma sur-
gery, neurosurgery, anesthesiology, and ortho-
paedic surgery. It is imperative that close and 
ongoing communication occurs between these 
surgical teams in order to facilitate prioritization 
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of those injuries requiring immediate interven-
tion, and ongoing decision-making and coordina-
tion of emergency operations, including timing, 
resuscitation needs, and positioning. A poly-
trauma patient may present with a traumatic brain 
injury (TBI) and intracranial surgical lesion and 
hypotension and/or hypoxia from extracranial 
injuries necessitating emergent thoracotomy, lap-
arotomy, or pelvic fixation. They may also have 
other orthopaedic injuries (fractures of upper or 
lower extremity long bones or acetabulum) 
requiring surgical repair and, stable or unstable 
spine injuries [1].

Cervical spine instability can result from liga-
mentous injury and/or fractures; subluxation or 
malalignment can lead to permanent spinal cord 
injury (SCI) and a range of neurological deficits. 
Endotracheal intubation of the trauma patient 
should therefore be performed in a neutral posi-
tion and hyperextension should be avoided dur-
ing intubation. Log roll procedures should be 
used at all times during patient transfers, radio-
logical testing, and operating room positioning, 
in case of thoracic or lumbar spinal column 
injuries.

Patients with traumatic brain injury who also 
have intrathoracic or intra abdominal injuries, 
long bone, acetabular or pelvic fractures, or SCI, 
may experience hypotension from blood loss or 
spinal shock. Preventing secondary brain injury 
by avoiding hypotension and hypoxia is para-
mount due to the dramatic impact these events 
have on outcomes after severe TBI (sTBI) [2]. 
Major extracranial injuries in patients with sTBI 
are common; incidence is reported in 20–41% of 
sTBI patients [1]. The need for the simultaneous 
surgical treatment of intracranial and extracranial 
injuries is relatively rare; however, the operating 
room logistics are complicated and time is of the 
essence in the setting of trauma, particularly with 
those in extremis [3]. Consideration of how to 
proceed should be given beforehand and all neu-
rosurgeons and trauma surgeons should be pre-
pared mentally before ever encountering the 
situation in reality.

The proper positioning of the trauma patient 
in the operating room requires that each team 
have appropriate access to the patient. A hypo-

tensive trauma patient with a traumatic brain 
injury may require a thoracotomy, laparotomy, or 
pelvic fixation concurrent with a craniotomy [3], 
all of which can generally be done in the supine 
position on a standard operating room table [4]. 
The anesthesia team and machines may be placed 
to one side of the patient contralateral to the cra-
niotomy side and excluded with sterile draping. 
This is the most expeditious manner in which to 
set up the room for simultaneous surgeries. 
Conversely, the patient may be turned 180° from 
anesthesia, but in this type of scenario, it can be 
difficult for them to perform all of the necessary 
procedures (often done under the drapes) and 
monitor all of the necessary parameters. See 
Fig.  17.1 for the recommended room setup for 
simultaneous trauma surgeries.

In cases requiring concurrent surgery, the 
anesthesiologist must sometimes secure and 
always maintain access to the airway. If possible, 
the endotracheal tube should be taped contralat-
eral to the craniotomy side, and an ETT extender 
used so that the tubing can be directed away from 
the operative site and protected from pressure 
from instruments and the hands of the neurosur-
geons as they work. Further, access is required to 
the neck, groin, and limbs for placement of and 
monitoring of intravascular venous lines that are 
necessary for ongoing resuscitation with fluid 
and blood products, and for obtaining serum 
samples for multiple laboratory studies that will 
be required throughout the case (e.g., electro-
lytes, glucose, blood count, coagulation studies). 
While preferentially lines will have been obtained 
in the resuscitation room, the rapidity with which 
patients are taken to the OR may result in subop-
timal placement, dislodgement, occlusion, or 
other malfunction requiring intraoperative 
replacement. Access to the wrists and groins for 
arterial line placement and monitoring must also 
be maintained, as these are required for continu-
ous blood pressure management and acquisition 
of arterial blood samples for arterial blood gas 
measurements. Finally, the Foley catheter and 
drainage system should be positioned between 
the legs, secured to the thigh, and hung on the 
anesthesia side (contralateral to the craniotomy) 
so that the anesthesia personnel can continuously 
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assess the urinary output. Should it drop precipi-
tously, the catheter must be checked for kinking 
under the drapes, in order to ensure that obstruc-
tion is differentiated from hypoperfusion as the 
etiology of the oliguria. Output must be moni-
tored when mannitol or other diuretics are given 
to aid with cerebral edema. Finally, the anesthe-
sia team may also need to repeatedly check for 
blood loss from other injuries under the drapes 
especially scalp lacerations, facial injuries, com-
pound fractures, and femur/acetabular fractures).

There needs to be ready access to the anes-
thesia machine and ventilator, as well as ade-
quate space for at least two people to stand in 
the anesthesia area, due to multiple simultane-
ous ongoing needs for not only the above inten-
sive monitoring, but also administration of 
fluids, blood products, and medications. There 
must be simultaneous ongoing monitoring of 
the patient’s physiology with direct line-of-sight 
to all displays of vital signs, ventilator settings, 

respiratory pattern displays, and any implanted 
neuromonitoring devices such as intracranial 
pressure read-outs. Finally, the anesthesia team 
should be placed for ready verbal communica-
tion with the surgical teams, circulator, and tele-
phone or voice communication device for rapid 
communication with the laboratory, the blood 
bank, and pharmacy. The display monitors 
should also be positioned so that the surgical 
teams can quickly, easily, and frequently look 
up to ascertain the vital signs without resorting 
to verbal communication, as this can be difficult 
with multiple ongoing teams talking simultane-
ously to assistants, technicians, and one another. 
Noise in the room should be kept to a minimum 
and conversation should be limited to only that 
which is essential to the care of the patient.

The neurosurgeon must have access to the 
head and maintain a sterile field given the high 
morbidity of intracranial infection. To approach 
the hemicranium, the patient may be positioned 

Fig. 17.1  Setup for simultaneous emergency trauma cra-
niotomy and laparotomy. Key: A anesthesiologist, AM 
anesthesia machine and cart, C cautery unit, C1 and C2 
circulator 1 and circulator 2, D drape, G gas cylinder, GS 
general surgeon, GS BT general surgery back table, GS SC 

general surgery supply cart, H heating blanket unit, IV IV 
pole, M monitors, NS neurosurgeon, NS BT neurosurgery 
back table, NS SC neurosurgery supply cart, S suction, 
SCD serial compression device unit, SN scrub nurse or 
technician, U urinary catheter collection receptacle
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on a gel or foam doughnut headrest with a roll 
under the ipsilateral shoulder and the neck kept in 
neutral position with the collar kept in place. The 
Mayfield head-holder is not required for preci-
sion in such an operation and takes additional 
time that may prove detrimental. Furthermore, 
placing a patient in fixation pins while multiple 
teams are working to position, prep, and drape 
the patient placed the surgeon and assistants as 
well as the patient at risk for inadvertent lacera-
tions and punctures. The patient should be placed 
with the vertex of the head slightly overhanging 
the top of the operating table (2–3 cm) from the 
very beginning in order to avoid further position 
changes. This aids in drainage of irrigation fluid 
downward into the craniotomy drape drainage 
bag. The contralateral upper extremity is extended 
on an arm board toward the anesthesia team, and 
the ipsilateral upper extremity is laid across the 
upper torso toward anesthesia (for wrist access), 
but cephalad enough to allow the abdomen to be 
prepped and accessed by the trauma team. (See 
“Complications” section below.)

The hair of the entire hemicranium should be 
quickly clipped to maximize visual inspection for 
traumatic contusions, hematomas, abrasions, and 
lacerations around which the incision may need 
to be planned. Towels are stapled to the cranium 
to outline a generous exposure to accommodate a 
large incision and craniotomy. (Alternatively, 
adhesive paper drapes may be used, but these 
often become dislodged in rapidly moving emer-
gency cases.) The positioning of the head is done 
with the slight overhang so that the drainage bag 
on the adhesive craniotomy drape hangs straight 
down to properly collect the hemorrhage and irri-
gation that can be expected to occur in a “crash 
craniotomy” scenario. If the drainage bag is hori-
zontal and not vertical as it is designed to be 
placed, spillage of irrigation, bone dust, and 
blood is difficult to keep clear of the operating 
field. As a result of fluid pooling, strike-through 
can occur, or drape separation from the weight of 
the material pooled on the drapes. Not only does 
this represent an infectious risk but floor spillage 
and overflow represents a significant slip risk to 
surgeons and operating room personnel, espe-
cially in a fast-moving crowded scene. Rapidly 

moving through such a case while maintaining 
meticulous attention to hemostasis is critical, due 
to the major blood loss the patient has already 
experienced and hemodynamic instability. The 
OR technician or nurse assigned to the neurosur-
gery team and the back table and Mayo stand for 
instruments should be positioned at the patient’s 
ipsilateral shoulder.

The neck must be maintained in a neutral 
position and the collar left in place in the setting 
of a known or suspected cervical spine injury. 
This can be challenging in cranial operations 
involving significant soft tissue injury, especially 
lacerations and scalp avulsions, that may require 
non-standard incisions. Heavy scissors may be 
used to cut out a small portion of the collar to 
allow sufficient exposure for the inferior limbs of 
cranial incisions. (This is also an issue when sur-
gery of the posterior fossa is needed, a fortunately 
unusual event in acute trauma, as this requires the 
prone position in Mayfield head-holder and fixa-
tion pins, and poses a higher risk to the spinal 
cord during the turning of the patient prone.) See 
below for further discussion of spinal column 
injury handling.

The thoracic or trauma surgeons must have 
access to the chest and abdomen to perform nec-
essary life-saving procedures, including chest 
tube placement, thoracotomy, and laparotomy. 
Orthopaedics may also need to have access to the 
pelvis. All of this can be obtained from the same 
side as the craniotomy, with the OR technician or 
nurse and instrument table positioned at the 
patient’s feet.

A thoracotomy may require the lateral posi-
tion which is also acceptable for a simultaneous 
craniotomy. The patient should be positioned 
using standard lateral decubitus techniques, cra-
niotomy side up. He or she may be flexed at the 
hips but special care to maintain the patient’s 
spine in a neutral position is imperative, so inflat-
able “bean bag” or gel positioners (placed before 
the patient is put on the OR table), rolls and pil-
lows, and tape and straps must be strategically 
placed to maintain neutral spinal alignment 
throughout the case. The upper arm may be 
placed on a padded Mayo stand or elevated arm 
board and will need to be cephalad enough to be 
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out of the way of the thoracic or trauma team, but 
not over the face and head, so as to allow access 
for the neurosurgical team (see Fig.  17.2). The 
anesthesia team may need to repeatedly check 
position to ensure alignment is maintained 
through the case, and of course padding needs to 
be employed as able to avoid pressure points, but 
this is of secondary consideration for such an 
extreme emergency and should not delay surgery. 
(If a thoracotomy is required contralateral to the 
craniotomy, the position may need to be per-
formed supine, although this is challenging. In 
this case, the arm is usually elevated to allow 
improved access to the lateral thorax).

Repair of closed long bone fractures or spinal 
column fractures without neurological deficit 
should be delayed, ideally until the patient is 
hemodynamically stable, surgical intracranial 
mass lesions have been addressed, and intracra-
nial pressure has been stable within the normal 
range (typically for at least 24  h). Conversely, 
pelvic fractures causing exsanguination may 
require intraoperative fixation with an external 
compression or pin-fixation device simultaneous 
to craniotomy to stave blood loss and reverse 
hypotension. Other exceptions include com-
pound extremity fractures or majorly displaced 
femur or acetabular fractures. Compound frac-
tures may result in exsanguination or ongoing 
blood loss (in addition to the infection risk) and 
can undergo irrigation and application of an 
external fixation device while other procedures 
are ongoing or immediately after their comple-
tion. They should never be left unattended and 

unobserved under a drape, but should be rapidly 
wrapped with sterile gauze and immobilized until 
such time as this can be performed, with the anes-
thesia team or other operating room personnel 
checking under the drapes frequently to assess 
for ongoing blood loss, about every 15 min until 
stable if all other events are under control.

Femur and acetabular fractures can also result 
in massive blood loss into the soft tissue of the 
thigh. Again, operating room personnel should 
check for thigh swelling under the drapes fre-
quently. Immobilization of compound fractures 
and femur or acetabular fractures prevents ongo-
ing tissue trauma and disruption of clotting, and 
therefore aids in hemostasis. Failure of the patient 
to respond to ongoing resuscitation efforts should 
prompt additional re-evaluation of injuries under 
sterile drapes to assess for ongoing blood loss, 
especially for those with coagulopathy.

As previously noted, spinal precautions should 
be maintained as much as possible throughout 
the initial life-saving emergency surgeries, until a 
more thorough evaluation of spinal column injury 
and instability and neurological status may be 
completed. Spinal cord injury with ongoing cord 
compression causing a deficit may need to be 
addressed soon after the initial surgery, but is not 
typically done in the same setting, unless cervical 
traction is required (made more difficult by surgi-
cal cranial defects). This could be performed 
under the same anesthetic after any necessary 
life-saving cranial, thoracic, abdominal, or pelvic 
surgeries have been completed. However, open 
surgeries for spinal decompression, stabilization, 
and fusion are typically done in a subsequent OR 
setting, and only after hemodynamic stability has 
been achieved and maintained for a significant 
length of time.

While modern CT alone is sufficient for expe-
rienced and trained interpreters to detect unstable 
cervical spine injuries in trauma patients, there is 
frequently no time to adequately review the study 
prior to emergency craniotomy, beyond a cursory 
look for major abnormalities (fractures and 
malalignments). However, should time allow, a 
thorough review of the CT may allow for removal 
of the cervical collar and more freedom with 
operative positioning [5].

Fig. 17.2  Positioning for simultaneous emergency 
trauma craniotomy and thoracotomy
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�Complications

Hernandez et al. [4] found the position described 
above to be acceptable by 24 of 29 general sur-
geons (82.76%) and 12 of 12 neurosurgeons 
(100%). However, the most notable concern, after 
appropriate access to the patient for all surgical 
teams and the anesthesia team, is brachial plexus 
stretch injury due to extension of the ipsilateral 
arm. While nerve stretch injuries in general occur 
in less than 1% of surgeries, they may be observed 
in every body position and may occur as early as 
15  min post-positioning [6]. The brachial plexus 
can be injured by ischemia, compression, or stretch. 
These lesions are usually not permanent; however, 
recovery can take up to 18 months or more (leading 
to muscle atrophy and contracture, sensory loss 
and skin injury, or atrophic skin changes) so mini-
mizing their occurrence is important. There are 
several ways to help minimize the chance of bra-
chial plexus injury in the polytrauma hybrid posi-
tion. First, there must be adequate elevation of the 
ipsilateral extremity in order to prevent hyperex-
tension and traction on the brachial plexus from the 
weight of the extremity or arm straps/tape. 
Additionally, in supine or prone positions, the arm 
should generally not be abducted at the shoulder 
above 90° in order to avoid stretch injury (This 
would be improbable in the supine position for a 
craniotomy, as higher abduction would impair 
exposure.). Finally, careful placement of a vacuum 
“bean bag,” gel positioner, and/or tape and safety 
belts to secure the patient’s position and ensure 
that it does not change from sliding on the operat-
ing table if the table is rotated can also help avoid 
brachial plexus stretch injury [7].

The second concern with this hybrid positioning 
is that the elevation of the ipsilateral side by the 
shoulder roll makes the contralateral shoulder 
and flank dependent, causing potential for extra 
pressure. As long as the patient is secured to the 
table appropriately, the operating table can be 
rotated to bring the contralateral flank, abdomen, 
and shoulder into better position [4]. However, 
this may impair cranial access.

In summary, positioning of the polytrauma 
patient requires cooperation between the anes-
thesia team, all involved surgical teams, and all 

OR personnel. Protection of the spine during 
intubation and positioning as well as avoidance 
of hypotension and hypoxia in order to prevent 
secondary brain injury is critical. All teams 
must carefully and rapidly consider the ramifi-
cations to the other teams of positioning required 
for their operation. Verbal communication 
amongst all involved should be succinct, clear, 
and efficient.

�The Morbidly Obese Patient

�Case 2 Presentation

A 52-year-old female is seen in neurosurgical 
consultation due to severe back pain radiating 
into the right leg that started with a “pop” in her 
back that occurred when she bent over to pick up 
an object. On physical examination, she has a 
positive Lasegue’s sign (straight leg raise test), 
and dorsiflexion on the right is weak at 4−/5. An 
MRI obtained on a special unit shows an L4–5 
disc herniation with significant compression of 
the traversing right L5 nerve root. The patient has 
tried a Medrol dose pack and rest with no 
improvement in her symptoms. Her weight is 
190 kg, her height is 5 ft. 5 in., and her BMI is 69. 
Her past medical history includes hypertension, 
hypercholesterolemia, and poorly controlled 
diabetes mellitus. Given the failure of medical 
management, the MRI findings, and the motor 
weakness on physical examination, surgical 
intervention is recommended. The patient is 
referred to the anesthesia clinic for preoperative 
evaluation. An electrocardiogram, chest X-ray, 
and laboratory workup are obtained, with no sig-
nificant abnormalities except hyperglycemia, and 
a microscopic lumbar discectomy is scheduled.

�Positioning of the Morbidly Obese 
Patient

Morbid obesity is a significant health problem 
with increasing incidence. A Body Mass Index 
(BMI) of 25 kg/m2 and below is considered to be 
normal, a BMI of 25–30  kg/m2 is low risk, 
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30–35 kg/m2 leads to moderate risk from compli-
cations of obesity and a moderate anesthesia risk, 
35–40 kg/m2 is considered high risk, and above 
40 kg/m2 is considered “serious morbid obesity” 
with very high risk [8]. The patient in the case 
presentation has a BMI of 69 placing her in the 
“very high risk” category.

Obese patients have decreased chest wall 
compliance and inefficient respiratory muscula-
ture. With increasing obesity, the work of breath-
ing is increased and with increasing weight, the 
intra-abdominal pressure is increased, while the 
total lung capacity and functional residual capac-
ity are decreased [9]. Prone positioning is associ-
ated with predictable changes in physiology and 
also with a number of complications, all of which 
become more pronounced in the setting of mor-
bid obesity. Thus, preoperative optimization, 
careful placement into the prone position (or con-
sideration of alternatives), and effective commu-
nication between the neurosurgical and OR teams 
becomes even more crucial [7].

As well as the standard preoperative evaluation, 
one should consider obtaining an electrocardio-
gram, and even an echocardiogram as well as a 
lower extremity duplex to rule out deep vein 
thrombosis before prone positioning in the mor-
bidly obese patient. Invasive arterial monitoring 
should be used if cardiopulmonary disease is pres-
ent, and for those with the inability to gain an 
accurate cuff pressure due to size discrepancy/
poor fit. Central venous catheterization should be 
considered in those with obesity, cardiopulmonary 
disease, and poor peripheral venous access [10].

Appropriate selection of operating room 
equipment must also be considered. Many operat-
ing room tables can support patient who weigh up 
to the 350–500  pound range, and special tables 
have been designed to support patient who weigh 
more. However, it must be noted that some OR 
tables, once articulations in the table begin to be 
mobilized, may not hold the same amount of 
weight in certain configurations. Morbidly obese 
patients have an increased risk of falling off of the 
operating room table due to weight load shifts and 
instability. Providing extra support and carefully 
securing the patient are thus paramount. Adequate 
padding also becomes more important because 

the extra weight leads to additional pressure on 
any areas that come into contact with the operat-
ing room table or equipment [11], with the atten-
dant risk of decubitus ulcer formation and nerve 
compression syndromes, even with relatively 
short cases. As obese patients are often diabetic, 
their risk of positioning peripheral neuropathies is 
cumulatively affected.

Positioning an obese patient in any position, 
supine, lateral decubitus, “park bench,” prone, 
sitting, or otherwise is challenging and fraught 
with risk. There is a risk of the patient falling due 
to personnel being unable to maintain the 
patient’s position while securing him or her, inap-
propriately sized operating tables and equipment, 
or partial emergence from anesthesia due to 
increased drug requirements resulting in patient 
movement during surgery. Injury to the skin can 
occur simply from the pressure of straps required 
to secure patients in place, as they must often be 
placed under higher tension in the obese patient 
to be effective. Pooling of prep solutions in the 
dependent intertriginous areas may result in mac-
eration of tissue, so care must be taken during 
sterile prep to avoid this. Risk of radiation injury 
due to increased fluoroscopic requirements for 
adequate visualization is also higher in obese 
patients, providing additional challenges to long-
term skin integrity. Adjunctive circumferential 
imaging devices sometimes cannot be used, as 
they will not fit around the patient, even on a 
Jackson table. The placement of adjunctive lines, 
such as IVs, arterial lines, central venous cathe-
ters, and urinary catheters may be more difficult. 
Increased infection risk from diabetes or inability 
to keep surgical sites adequately cleansed postop-
eratively are also factors.

The prone position itself has adverse effects 
on epidural venous pressure and airway pressure 
in all patients, and these effects are more pro-
nounced in the obese patient [12]. Pressure on the 
abdominal wall may further accentuate the 
restrictive nature of the pulmonary disease com-
mon in this patient population. The high airway 
pressures required to ventilate these patients may 
lead to barotrauma or difficulty with ventilation 
and cardiopulmonary function. Furthermore, the 
attendant impaired venous return and cardiac 
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output can lead to decreased spinal cord perfu-
sion and excess surgical blood loss for the neuro-
surgeon [13, 16].

Palmon et al. compared peak airway pressure, 
pleural pressure, and mean arterial pressure in 
patients undergoing posterior spinal surgery in 
the prone position with a “normal” BMI, a 
“heavy” BMI, and an “obese” BMI [13]. Obese 
patients positioned prone on a Wilson frame had 
an increase in mean arterial pressure and peak 
airway pressure and a decrease in pulmonary 
compliance. All patients positioned on chest rolls 
had an increase in peak airway pressure and a 
decrease in pulmonary compliance. On the other 
hand, when using the open Jackson table, there 
was no change in peak airway pressure or com-
pliance when moving from the supine to the 
prone position.

All three of these surgical positioners are 
designed to allow the abdomen to be suspended 
during prone surgery; however, in the obese 
patient, the abdominal girth does not allow for its 
suspension with chest rolls, and even with the 
Wilson frame in the larger patients. Furthermore, 
the Wilson frame may tip when expanded high 
enough to accommodate larger patients and their 
size and weight may exacerbate this phenome-
non. Especially with the Wilson frame, the sur-
geon and assistant must often be required to stand 
on step stools to operate at the appropriate height, 
which can make simultaneous utilization of the 
microscope, drill, and bipolar cautery more diffi-
cult. Reduction of abdominal and thoracic pres-
sures and optimization of respiratory mechanics 
and venous return thereby improving ventilation, 
spinal cord perfusion, and surgical blood loss can 
be achieved by using the Jackson table for obese 
patients (see Fig.  17.3). In all cases, the table 
should be placed at the lowest height and even 
with the bed prior to rolling the patient over to the 
table into the prone position.

Another option is to adjust the patients posi-
tioning based upon obesity status; for example, 
using the lateral or sitting positions to approach 
the posterior fossa or the spine instead of the 
prone position. This is not just an issue related to 
patient physiology. Depending upon the stature 
of the surgeon, certain positions may not allow 

the surgeon to reach the exposed area to operate. 
It can be especially difficult, even with standing 
step stools, for surgeons to adequately visualize 
the depths of exposure of a midline spinal inci-
sion in a morbidly obese patient, let along per-
form the surgical manipulations necessary to 
carry out the operation safely, effectively making 
it impossible to position the patient prone.

Several studies [14, 15] discuss the use of 
awake intubation and prone self-positioning as a 
method for decreasing anesthetic complications 
and minimizing pressure points during position-
ing of a morbidly obese patient. In this model, a 
topical anesthetic and IV sedation are used for 
awake fiberoptic intubation. The patient is then 
disconnected from the circuit and allowed to 
position themselves which minimizes pressure 
points, skin integrity compromise, and nerve 
injury. Additionally, spontaneous and adequate 
oxygenation and ventilation in the prone position 
can be confirmed before induction of general 
anesthesia. Patient cooperation and the ability to 
communicate non-verbally with the operating 
room team are key for awake intubation and 
prone self-positioning in the morbidly obese 
spine patient making patient selection key.

Complications

Morbid obesity is also a risk factor for the devel-
opment of ischemic optic neuropathy (ION) and 
subsequent partial or total blindness. While ION 
may occur in any patient who has been placed 
prone for surgery, Lee et  al. demonstrated in a 
large multi-institutional study that the odds ratio 
for ION in the setting of obesity was 2.83 with a 

Fig. 17.3  Positioning for the morbidly obese patient
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confidence interval of 1.52–5.39 [17]. There is no 
effective treatment for ION so extra vigilance 
with protective strategies is required.

Positioning should include careful facial pad-
ding and support, and visual conformation that 
the globes are free from pressure. A square foam 
pad with cut-outs for the face and endotracheal 
tube is a popular and safe option for use with 
regular or Jackson flat-top tables. Alternatively, a 
horseshoe headrest may be used, but these, even 
when padded, may not appropriately fit the 
patient’s head and face, and therefore risk pres-
sure to the globes. A Mayfield pin-fixation head-
holder device may also be used, but with very 
large individuals, the soft tissue may be suffi-
ciently thick that the pins cannot gain adequate 
penetration of the skull for secure fixation. 
Furthermore, the face, chin, and neck may be in 
contact with the metal frame of the Mayfield, 
rendering it ineffective at avoiding pressure. 
Finally, cervical fat pads may make it impossible 
to flex the neck adequately to access the posterior 
fossa and cervicomedullary junction.

To help avoid ION, the head should be main-
tained at or above the heart to reduce venous con-
gestion. Minimizing duration in the prone 
position, maximizing hemostasis, and the use of 
colloid (and blood products if necessary) to mini-
mize crystalloid administration decrease the risk 
of ION. However, ION may occur even when all 
proper precautions are taken and no untoward 
intraoperative events occur.

In conclusion, positioning for surgery in the 
morbidly obese patient has a unique set of chal-
lenges and pitfalls. Sufficient preoperative 
workup of cardiac and pulmonary function and 
glycemic control are important preventive mea-
sures to inform the surgeon of the patient’s suit-
ability for general anesthesia and surgery in 
general, and may guide positioning decisions. 
Placement of arterial lines and central venous 
catheters should be considered, and the option of 
awake intubation and self-positioning may be 
discussed with the patient. Intra-abdominal pres-
sure in the prone position can be minimized by 
using a Jackson table to improve ventilation, 
decrease peak airway pressure, improve venous 
return, and maximize cardiac output. Extra care 

must be taken when positioning to avoid periph-
eral nerve injury, decubitus ulcers, and ischemic 
optic neuropathy.
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Comorbidities and Positioning: 
Pregnancy

Thomas Scott Guyton

�Maternal Weight Gain

The most obvious change in pregnancy is maternal 
weight gain. The American Congress of 
Obstetricians and Gynecologists (ACOG) has 
made the following recommendations for mater-
nal weight gain [1]. Women with a BMI 18.5–
24.9  kg/m2 should gain 25–35 pounds for a 
full-term singleton pregnancy. The recommended 
rate of weight gain in these women is 1 pound per 
week in the second and third trimester. Even obese 
mothers (BMI >30  kg/m2) are recommended to 
gain 11–20 pounds. Twenty five percent of women 
are obese at the time of first visit to the obstetrician 
as defined by a BMI greater than 30  kg/m2 [2]. 
Seventy five percent of pregnant women gain more 
than the recommended amount of weight [2]. 
While the developing fetus, amniotic fluid, uterus, 
and increases in circulating blood volume account 
for increases in maternal weight, fat deposition 
also occurs. Subcutaneous fat deposits in the 
thighs account for 16% of fat deposition [3]. 
Positioning the pregnant woman is complicated by 
the gravid uterus, an increase in the size of the 
thighs and hips, and a high rate of obesity.

�Physiological Changes 
During Pregnancy

During pregnancy, cardiac output (CO) increases 
to a peak at time of delivery and immediately 
postpartum and returns to pre-pregnant state by 
6 weeks postpartum [4]. CO increases by week 
5 and reaches a plateau of 45% increase at 
24  weeks. Between 24  weeks and term, CO 
remains the same. During the second stage of 
labor, CO increases an additional 34% with con-
tractions. Both heart rate and stroke volume 
increase to account for the increases in CO. After 
delivery, stroke volume remains elevated for 
48  h and then falls dramatically. Heart rate 
remains up for at least 24 h and then falls dra-
matically over the next 10 days. After delivery, 
CO remains at high levels for at least 24 h and 
then falls to pre-pregnant levels by 2–6 weeks 
after delivery.

Other circulatory changes include changes in 
blood pressure, systemic vascular resistance 
(SVR), pulmonary vascular resistance, and 
plasma volume [4–6]. Blood pressure falls during 
pregnancy with a nadir around 20  weeks [4]. 
Diastolic blood pressure decreases more than 
systolic. SVR decreases with a decrease of 34% 
by 20  weeks. Pulmonary changes parallel the 
changes in CO and SVR with a 44–46% increase 
in pulmonary artery blood flow and a 17.5% 
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decrease in pulmonary vascular resistance in the 
third trimester [5]. Central venous pressure [4] 
and pulmonary artery pressure [5] do not change 
with pregnancy. As a compensatory measure for 
a decreased SVR, plasma volume increases by 
1.13 L at term [6]. Plasma volume returns to nor-
mal roughly 6 weeks after delivery. Hemoglobin 
declines in response to hemodilution caused by 
the increase in plasma volume [5]. Oncotic pres-
sure also declines in response to increased plasma 
volume [7].

With delivery, normal blood loss for vaginal 
delivery was approximately 300 mLs [8] and for 
cesarean section approximately 500  mLs [9]. 
Uterine contraction after delivery provides an 
autotransfusion of 300–500 mLs [10].

Respiratory changes in pregnancy include 
changes in lung volumes, minute ventilation, and 
oxygen consumption [11, 12]. Functional resid-
ual capacity decreases 15–25%. Progesterone 
stimulates the respiratory center resulting in a 
20–45% increase in minute ventilation. Increased 
minute ventilation is the result of a 30–50% 
increase in tidal volume. Respiratory rate remains 
unchanged. The partial pressure of carbon diox-
ide in the blood is decreased to 27–34  mmHg. 
Oxygen consumption increases by 18% by the 
third trimester [12].

Pregnancy causes a host of other changes. 
Glomerular filtration rate is increased by 40% at 
term and falls to normal 1 month after delivery 
[13]. Intra-abdominal pressure increases as the 
gravid uterus grows. Progesterone induces relax-
ation of the lower esophageal sphincter tone. 
Combined these increase the risk of aspiration 
pneumonitis during intubation [14]. Difficult 
intubation occurs at a higher frequency during 
pregnancy [14]. Epistaxis occurs in 20% of preg-
nant women compared to 6% of controls [15]. 
Venous thromboembolism is the leading direct 
cause of maternal mortality in the 2009–2013 
Confidential Enquiries into Maternal Deaths 
[16]. The antenatal pregnant women has a five-
fold higher risk than a nonpregnant age matched 
control [16]. The postpartum women has a 
20-fold higher risk [16].

�Aortocaval Compression

In 1953, Howard et al. reported two term preg-
nant women who went into shock when placed 
supine [17]. One woman would relieve her symp-
toms by turning on her side, and the symptoms 
could be elicited again by having her turn back to 
the supine position. They postulated that this 
must occur frequently in term pregnant women. 
They measured the blood pressure in 160 con-
secutive term pregnant women in the supine and 
lateral positions and observed that 18 out of the 
160 dropped their blood pressure by up to 30 mm 
mercury (Hg) or to 80 mmHg or less. This hypo-
tension would be relieved by placing the patient 
on either side or by standing [17]. The hypoten-
sion did also not tend to occur during labor where 
term pregnant women would be supine for long 
periods of time. They called this supine hypoten-
sive syndrome in late pregnancy [17]. Three to 
eleven percent of term pregnant patients experi-
ence a drop in blood pressure in the supine posi-
tion sufficient to classify as supine hypotensive 
syndrome [17–19]. Kerr et  al. injected contrast 
dye into the femoral veins of term pregnant 
patients just prior to cesarean section and found 
the inferior vena cava (IVC) to be totally occluded 
from the bifurcation to above the renal veins in 
all 12 patients studied [20]. The venous return 
was by the vertebral plexus of veins and the azy-
gos vein. Return of flow in the vena cava was 
demonstrated by a second venogram after deliv-
ery of the baby [20]. Bieniarz et al. demonstrated 
displacement of the aorta to the left and dimin-
ished flow in the aorta at the level of L4 [21]. The 
flaccid gravid uterus in the term pregnant woman 
is recognized to compress the IVC and the aorta 
in the supine position.

The aortocaval compression has been recently 
reexamined using magnetic resonance imaging 
(MRI) and ultrasound. A retrospective study of 56 
pregnant patients at a median gestational age of 
27 weeks found that 55 out of 56 patients had aor-
tocaval compression on MRI [22]. The compres-
sion correlated with the uterine volume on the right 
side of the spine. The effect of degree of tilt was 
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examined in ten patients using MRI [23]. Increases 
in IVC size occurred in nine out of ten patients at 
30°, but 15° did not have a consistent effect.

For time of onset, McLennan showed a rise in 
femoral venous pressure with the supine position 
as early as 13–16 weeks of pregnancy [24]. The 
earliest report of the supine hypotensive syn-
drome is at 16 weeks [25]. Twenty weeks gesta-
tion is the quoted time where compression of the 
IVC begins when supine [26]. In support of this 
statement, cardiovascular MRI of six pregnant 
women at 20 weeks gestation showed a signifi-
cant increase in left atrial size, ejection fraction, 
and stroke volume when turned from supine to 
the left lateral position indicating an increase in 
preload with the change in position [27]. The 
presence of factors other than the size of the 
uterus may contribute to early onset of aortocaval 
compression. Obesity, multiple gestation, bicor-
nuate uterus and accompanying ovarian cysts 
have all been reported as contributing to IVC 
compression [28–31].

For time of offset, Kerr et  al. demonstrated a 
return of flow in the IVC with delivery [20]. 
However, the uterus after delivery weighs 1100 g 
[32]. The uterus will be larger in patients with mul-
tiple gestation and those with fibroids [32]. The 
fundal height of the uterus immediately after deliv-
ery averages 16.8 cm with a range between 13 and 
22 cm above the symphysis pubis [33]. This corre-
sponds with an average size of 17 weeks gestation 
with a range from 13 to 22 weeks gestation. The 
uterus undergoes involution with a decrease in fun-
dal height of 0.8 cm per day for vaginal deliveries 
[33]. This decrease may be slowed by cesarean sec-
tion (c-section) [34]. Given the size of the uterus, 
continued IVC compression can be expected in 
some patients immediately post delivery.

�Importance of Aortocaval 
Compression

Aortocaval compression results in decreased uter-
ine blood flow. Uterine blood flow is determined 
by the pressure gradient across the uterine vessels 
divided by the uterine vasculature resistance. 

Aortic compression and hypotension from 
diminished venous return decreases the pressure 
in the uterine arteries. Forty-seven to seventy per-
cent of patients have a 10% reduction in systolic 
blood pressure in the supine position [18, 19]. 
Pressure in the uterine veins as reflected in the 
femoral veins doubles at term in the supine posi-
tion from roughly 10 to 20 mmHg [20]. Diminished 
uterine arterial pressure combined with increased 
uterine venous pressure results in a decreased gra-
dient across the uterine vessels and reduced uter-
ine blood flow. Even in the patients not 
demonstrating the supine hypotensive syndrome, 
the resulting reduction in uterine blood flow may 
be sufficient to cause fetal distress.

Another important consideration for neurosur-
gery is that the plexus of veins in the lumbar spine 
and the azygos vein are the principal collateral 
vessels for venous return to the heart. The original 
angiographic studies showed complete occlusion 
of the IVC in the supine position with the dye 
returning to the heart via the lumbar plexus of 
veins [20]. The original angiographic studies also 
showed partial occlusion of the inferior vena cava 
in the lateral position but requiring minimal use of 
collateral venous return [20]. Recent MRI scans 
have shown increased size of epidural veins and 
decreased cerebrospinal fluid in the lumbar spinal 
canal in term pregnant patients in the supine posi-
tion [35–37]. Positions resulting in the use of lum-
bar veins as collaterals are important to spine 
surgery as enlarged epidural veins may make the 
surgery more difficult. In addition, the enlarged 
epidural veins will have an adverse effect on intra-
cranial compliance by shifting cerebrospinal fluid 
(csf) cranially. This effect was seen on MRI imag-
ing of the lumbar spines of supine pregnant women 
[37]. The effect of fluid in the epidural space on 
intracranial compliance was demonstrated in two 
patients recovering from head trauma who had 
increased intracranial pressures measured after 
receiving as little as 5–10 mLs of local anesthesia 
epidurally [38]. The engorged epidural veins are 
going to occupy space just as the local anesthetic 
injection did; intracranial compliance will be 
diminished because csf will be shifted out of the 
lumbar spine.
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�How to Reduce Aortocaval 
Compression in the Supine Position

The key to reducing aortocaval compression in 
the supine position is to displace the uterus to the 
left to relieve pressure on the IVC and aorta. One 
simple method is to tilt the pelvis by placing a 
12–15 cm pad underneath the right hip (roughly 
15°). In one study, this method achieved increases 
in brachial blood pressures in 57 out of 57 
patients compared to supine and return to control 
brachial blood pressures in 39 out of 57 patients 
studied [39]. Manually displacing the uterus to 
the left also raised brachial blood pressures but 
was less effective than using a pad to tilt the pel-
vis [39]. Ultrasound measurements indicate that 
76% patients respond to left lateral tilt with a 
29% increase in IVC size [40]. Another method 
to relieve aortocaval compression is to tilt the 
entire patient. Using MRI in term pregnant 
women at 0, 15, 30, and 45°, the volume of blood 
in the IVC between the L1–L2 disk space to the 
L3–L4 disk space was 3.2, 3.0, 11.5, and 
10.9  mLs, respectively [23]. This compares to 
21.5 mLs in the nonpregnant patient at 30°. Thus, 
leftward tilt ≥30° achieved the greatest relief of 
IVC compression. However, IVC size is still 
reduced compared to the nonpregnant patient 
[23]. This finding matches the compression seen 
on the original venogram in the term pregnant 
patient in the lateral position [20]. Fifteen degrees 
or more of leftward tilt appears to normalize arte-
rial blood pressure, and 30° or more is needed to 
minimize the effects on the IVC in the term preg-
nant patient.

Recently, the use of the pad under hip has 
been challenged for use during c-section as not 
relieving aortocaval compression. The original 
recommendation was based upon an article by 
Crawford indicating an improvement in the 
Apgar scores and pH of the fetus at c-section 
with the use of pelvic wedge providing 15° left-
ward tilt [41]. The use of the wedge was not 
based upon imaging studies of aortocaval com-
pression. Use of the pelvic wedge was shown to 
help normalize decreased brachial and femoral 
arterial pressures occurring in the supine position 
[39]. Fifteen degrees of leftward tilt was shown 

to offer little benefit over supine in terms of IVC 
compression at the L1–L4 level in a recent MRI 
study of ten patients at 37–39  weeks gestation 
[23]. Both supine and 15° tilt had significant IVC 
obstruction, and no aortic compression was found 
in either position. In this study, IVC occlusion 
occurred in essentially every term pregnant 
woman in the lumbar region. Not addressed in 
the MRI study were the effects of tilt during an 
earlier gestational age and the mechanism of the 
supine hypotensive syndrome. Contrary to look-
ing at the lumbar IVC, ultrasound of the proximal 
intrahepatic IVC reflects central venous pressure 
and includes both flow via the IVC and collateral 
circulation. Ultrasound of the proximal IVC 
showed that left lateral tilt resulted in a 29% 
increase in size of the intrahepatic IVC in 76% of 
patients between 30 and 42 weeks gestation [40]. 
A quarter of these women had the largest IVC in 
the supine position. The majority of women 
respond to leftward tilt; however, the effect of 
15° of leftward tilt on lumbar IVC occlusion is 
not known during the second trimester.

�Fetal Evaluation

ACOG recommends consulting an obstetrician 
preferably the patient’s obstetrician to aid in 
decision-making [42]. The obstetrician will serve 
in multiple capacities that effect the patient’s 
position. First, the obstetrician will confirm the 
gestational age of the fetus. Second, the obstetri-
cian will determine the state of the fetus in utero. 
Third, the obstetrician will aid in the decision-
making on timing of delivery. Fourth, the obste-
trician will make decisions regarding inoperative 
monitoring of the fetus. Last, the obstetrician is 
going to help manage the patient and the fetus 
postoperatively particularly in regard to preterm 
labor.

�Estimate of Fetal Gestational Age

Measurement of fundal height can give a crude 
estimate of gestational age. A tape measure is 
used to measure from the symphysis pubis to the 
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fundus of the uterus. In general, mean gestational 
age from 16 to 24  weeks is roughly the fundal 
height in centimeters. From 25 to 40 weeks, the 
fundal height is 0.5 to 2 cm greater than the mean 
gestational age [43]. The reproducibility of this 
measurement is poor [44], and measurement of 
fundal height is effected by many variables 
including obesity [45].

Ultrasound is considered the best method for 
determining gestational age. From 7 to 12 weeks 
of gestation, crown-rump length provides the 
best biometric measure of gestational age [46]. 
From 12 to 14  weeks, biparietal diameter and 
crown-rump length are equivalent [46]. 
Ultrasound performed in the second and third tri-
mesters are less accurate, and multiple other bio-
metric measures such as occipitofrontal diameter, 
head circumference, abdominal circumference, 
and femur length are used to improve the accu-
racy [47, 48]. Measurements of gestational age 
are accurate to within 5 days of the actual date 
of  conception 95% of the time for ultrasounds 
done in early gestation [47].

�Evaluation of the Fetus In Utero

Ultrasound is the mainstay of evaluating the fetus 
in utero. Ultrasound can be used to estimate ges-
tational age and fetal weight, detect the presence 
of more than one fetus, and diagnose placental 
abnormalities such as abruption or previa. One 
measurement of fetal well-being in the third tri-
mester is the biophysical profile. Three ultra-
sound measures of acute fetal well-being: fetal 
tone, gross body movement, fetal breathing 
movements, and one chronic measure amniotic 
fluid volume are combined with the reactivity on 
the fetal heart rate monitor to comprise the bio-
physical profile. Each measure is given a score of 
0 or 2. Scores of 8 or 10 are considered normal 
[49]. Lower biophysical profiles will require 
interpretation by the consulting obstetrician.

Fetal heart rate can be monitored intermit-
tently by fetal Doppler tone measurements as 
well as by continuous electronic fetal heart rate 
monitoring. In a low-risk population, continuous 
fetal heart rate monitoring has no shown benefit 

in terms of fetal mortality over scheduled inter-
mittent fetal rate monitoring [50]. Continuous 
fetal heart rate monitoring is most often com-
bined with monitoring of uterine contractions 
[51]. During the third trimester, the normal fetal 
heart rate is 120–160. Hypoxia may induce fetal 
bradycardia or fetal tachycardia. At roughly 
24–28  weeks of gestation, the parasympathetic 
and sympathetic nervous systems mature, and 
variability in the fetal heart rate starts to occur. 
The short term or beat to beat variability is the 
oscillation of the fetal heart rate around baseline. 
The beat to beat variability has a magnitude of 
5–10 beats per minute. A longer term variability 
of 3–10 cycles per minute with a magnitude of 
10–25 beats per minute also occurs. The loss of 
the short-term variability is thought to be more 
ominous for fetal hypoxia. Fetal heart rate accel-
erations in response to uterine contractions, vagi-
nal stimulation, or fetal movement are considered 
reassuring. Early decelerations are decelerations 
which occur with the start of a uterine contraction 
and end with the end of the contraction, and are 
most commonly caused by fetal head compres-
sion by the uterine contraction. Early decelera-
tions are not associated with fetal distress. Late 
decelerations start at the peak of contraction or 
after and last past the end of the uterine contrac-
tion. Late decelerations are considered a sign of 
fetal distress [51].

ACOG recommends the decision of what type 
of monitoring be individualized and guided by an 
obstetrician [42]. ACOG suggests that in general 
fetal Doppler heart tone measurements or ultra-
sound evaluations before and after surgery are 
sufficient for fetuses prior to gestational age of 
viability. ACOG suggests that continuous moni-
toring might be useful for positioning purposes in 
nonviable fetuses [42]. Continuous fetal heart 
rate monitoring is recommended for nonobstetric 
surgeries in which emergent cesarean section is 
contemplated for fetal distress. Continuous fetal 
heart monitoring should be performed by some-
one skilled in its interpretation. When continuous 
monitoring is used, monitoring should begin 
prior to surgery to establish a baseline and be 
continued postoperatively to look for premature 
labor.
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Many problems exist with continuous fetal 
heart rate monitoring under anesthesia [51]. 
Premature fetuses have a higher baseline heart 
rate and lack beat to beat variability because of 
immaturity of the parasympathetic and sympa-
thetic nervous systems. The fetus has a rest-
activity cycle and may have decreased variability 
during a rest cycle. Parasympathetic and sympa-
thetic agents such as atropine, ritodrine, and ter-
butaline cross the placenta and alter the resting 
fetal heart rate and decrease beat to beat variabil-
ity. Depressant drugs such as opiates, magne-
sium, and volatile anesthetic agents can all 
decrease beat to beat variability [51]. An unnec-
essary emergency cesarean section for decreased 
beat to beat variability has been reported when 
continuous fetal rate monitoring was done at 
30 weeks gestation for nonobstetric surgery [52]. 
Continuous fetal heart rate monitoring was not 
done in several cases in the prone position due to 
difficulty in performing the monitoring and 
because of the risk to the mother to stop the sur-
gery to deliver the fetus [53, 54]. Continuous 
FHR monitoring was not done during a general 
anesthetic for lumbar laminectomy in the lateral 
position at 21  weeks because of difficulty per-
forming the monitoring [55] and at 33  weeks 
because the physicians felt aortocaval compres-
sion was unlikely in the left lateral position [56].

�Timing of Surgery

Traditionally, surgery that can be delayed has not 
been performed during the first trimester of preg-
nancy for fear of possible teratogenicity during 
the period of organogenesis. Surgery during the 
second trimester is felt to have a reduced risk of 
causing preterm contractions and spontaneous 
abortion compared to the third trimester. ACOG 
has issued several statements [42]. First, elective 
surgery should be postponed until after delivery. 
Second, indicated surgery should never be denied 
a pregnant woman no matter what the gestational 
age. Third, no currently existing anesthetic agent 
given in standard concentrations has shown been 
to have teratogenic effects in humans. Fourth, 

ACOG recommends consulting an obstetrician, 
preferably the patient’s obstetrician, to assist in 
perioperative management.

Nineteen weeks and six days of gestation and 
less is considered to be previable. Between 
20 weeks and 25 weeks and 6 days gestation, the 
fetus is considered to be periviable. The mortality 
and morbidity of the infant born between 22 and 
26  weeks of gestational age varies greatly 
depending upon the hospital in which the infant 
is born [56]. For this reason, consulting a neona-
tologist to discuss the mortality and morbidity 
specific to that hospital and to the infant’s esti-
mated birth weight and gestational age is best 
practice. However, for some hospitals, this data 
is difficult to obtain. Survival and survival with 
no or mild disability based upon gestational age 
as seen in Eunice Kennedy Shriver National 
Institute of Child Health and Human Development 
Neonatal Research Network in the United States 
[56], the Neonatal Research Network in Japan 
[57], and the EPICure studies in England [58] are 
as follows. Median fetal weight increases weekly 
from 22 to 26 weeks as follows: 510–540, 586–
600, 655–671, 750–799, and 860–879 g, respec-
tively [56, 58]. Percent survival increases weekly 
from 22 to 26  weeks as follows: 7.3–37.3, 
19–64.5, 40–77.7, 66–85.7, and 78–81% respec-
tively [56–58]. Percent survival with no or mild 
disability from 22 to 26 weeks is as follows: 2.4–
12, 5.3–20, 12.2–30.9, 25.7–44.5, and 38.8–
58.6% [56–58]. These results for survival 
percentage and percent survival with mild or no 
disability exclude neonates receiving comfort 
care [56]. In weeks 22 and 23, the percentage of 
neonates receiving comfort care only is 73–78 
and 16–28%, respectively [56, 58]. For this rea-
son, these values represent what can be achieved 
using patient selection. An alternative to using 
gestational age to predict survival is to use esti-
mated birth weight. Neonatal mortality and mor-
bidity for infants based upon birth weight 
between 501 and 1500 g is reported for 669 par-
ticipating North American hospitals from 2000 to 
2009 [59]. Mortality for the different groups is 
reported as 500 to 750  g—36.6%, 751 to 
1000  g—11.7%, 1001 to 1250  g—5.7%, and 
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1251 to 1500 g—3.5% [59]. Major morbidity is 
reported as 500 to 750  g—82.7%, 751 to 
1000  g—57.4%, 1001 to 1250  g—33.1%, and 
1251–1500—18.7% [59].

�Diagnostic Imaging

ACOG, the American College of Radiology, and 
the American institute of Ultrasound in Medicine 
have issued an opinion on the risks of diagnostic 
imaging [60]. Ultrasonography and MRI are the 
imaging modalities of choice for pregnant 
women. No adverse fetal effects have been 
reported from the use of diagnostic ultrasonogra-
phy. Highest risk comes from nonobstetric ultra-
sound system particularly those that do color 
Doppler. No injuries have been reported to be 
caused by prenatal MRI during the first trimester 
using predominantly 1.5  T MRI scanners [61]. 
The use of gadolinium contrast should be limited 
only to situations where the benefits of contrast 
outweigh the risks of teratogenicity. Gadolinium 
in its free form is teratogenic, and the fetus can 
accumulate chelated gadolinium in the amniotic 
fluid so the potential for prolonged exposure to 
the free form exists [60].

In general, the amount of ionizing radiation 
from radiography, computed tomography scan, 
and nuclear medicine imaging is at an acceptable 
level to the fetus [60]. The goal is to keep the 
radiation at “As Low As Reasonably Achievable” 
[60]. The risk to the fetus depends upon both the 
gestational age and the radiation dose [60]. 
Before implantation (0–2 weeks), radiation expo-
sure results either in fetal demise or no effect 
with a threshold of 50–100 mGy. During organo-
genesis (2–8 weeks), congenital anomalies occur 
with a threshold around 200 mGy. Between 8 and 
15  weeks, severe intellectual disability occurs 
with a threshold of 60–310  mGy. Between 16 
and 25  weeks, severe intellectual disability 
occurs with a threshold of 250–280 mGy. These 
doses are typically higher than that associated 
with a single imaging study. For example, a pel-
vic CT scan has one of the highest fetal exposure 
of 10–50 mGy [60]. Of more concern is the risk 

of carcinogenesis; fetal exposure to 10–20 mGy 
increases the risk of leukemia by a factor of 1.5–
2.0 [60].

Contrast CT scans, nuclear medicine imaging, 
interventional neuroradiology procedures, and 
gamma knife procedures have been safely per-
formed on pregnant patients [60]. Oral contrast is 
not absorbed by the patient, and intravenous con-
trast crosses the placenta but has not been shown 
to have adverse effects on the fetus [60]. Nuclear 
medicine imaging depends upon the isotope. 
Technetium 99 m has a half-life of 6 h and is a 
pure gamma ray emitter. Used for ventilation-
perfusion studies to detect pulmonary embolus, 
Technetium 99  m perfusion studies expose the 
fetus to 5 mGy [60]. Radioactive iodine (iodine 
131) has a half-life of 8  days, crosses the pla-
centa, and would not be a safe isotope to use dur-
ing pregnancy [60]. Interventional neuroradiology 
procedures have been reported with safe doses of 
ionizing radiation to lead shielded fetuses. Using 
lead shielding, a head CT scan and cerebral angi-
ography was reported with a fetal dose of 
0.025 mGy [62]. Embolization of an intracranial 
aneurysm was reported with a fetal exposure 
between 0.17 and 2.8  mGy [62]. Fetal doses 
between 32 and 42 mGy were measured during 
Cyberknife radiosurgery of a maternal brain 
tumor during the third trimester [63]. Fetal doses 
of 8.26  mGy were estimated during linear 
accelerator-based stereotactic radiosurgery of an 
arteriovenous malformation [64].

�Prone Position

One retrospective review of the surgical manage-
ment of herniated lumbar disks showed that 
prone position was the most common position 
used during the first trimester and the early sec-
ond trimester [65]. The pregnant woman spends 
essentially no time in the prone position during 
sleep [66]. The concern is that the weight of the 
woman pushes the uterus into the inferior vena 
cava and the aorta. Another potential problem 
would be compression of the umbilical cord. 
However, the prone position is used during labor 
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if the uterus and abdomen hang freely. The preg-
nant woman is placed upon her hands and knees 
to promote turning of the fetal head from occiput 
posterior malposition [67] and for fetal distress 
unrelieved in the lateral positions when aortoca-
val compression is suspected [68]. The weight of 
the uterus moves the uterus away from the IVC in 
the hands and knees position. The lack of com-
pression of the IVC reduces the size of the epi-
dural veins [20].

Multiple open frame prone support systems 
can be used to allowing the abdomen to hang 
freely. Typically, these are constructed with two 
carbon fiber rails with a pair of hip supports and 
a chest support. Alternatively, blankets placed 
beneath the anterior superior iliac crest and a tho-
racic roll placed horizontally across the table can 
achieve the same effect of the abdomen hanging 
freely [69]. For craniotomies, special open frame 
systems such as the Allen four post system attach 
to the OR table. However, the clearance before 
the pregnant abdomen hits the table will vary. 
Recently, a patient at 20 weeks gestation with a 
cerebellar lesion underwent surgery at my insti-
tution. Different positioning aids were tested 
prior to surgery. Figure 18.1 shows blankets used 
to support the chest and pelvis in Panel a. The 
blankets tended to shift and were difficult to 
adjust; however, the abdomen can be positioned 
to hang freely as demonstrated in Panel b. Panel 
a in Fig. 18.2 shows an open frame spinal surgery 
top from a Mizuho OSI table on two stacked 
2 × 4’s at the feet and two stacked 2 × 8’s at the 

head bolted to the frame to the operating table. A 
chest support was created at the head of the table 
consisting of two stacked 2  ×  6’s with a 2  in. 
thick foam pad. The chest support was flush with 
the head of the table. This solution allowed good 
stability, ease of adjustment, plenty of room for 
the gravid uterus, and the ability to use a Mayfield 
clamp and pins. Panel b in Fig.  18.2 shows a 
patient positioned using this apparatus.

In general, the prone position is well toler-
ated. The prone position tends to decrease car-
diac output. However, the open frame prone 
support system has the least effect on cardiac 
output due largely to the lack of IVC compres-
sion [69]. Respiratory function in the prone 
position tends to be well tolerated because the 
perfusion is more evenly distributed [70]. Breast 
enlargement during pregnancy makes position 
of the chest support more difficult [70]. Ocular 
injuries have been reported in patients undergo-
ing spine surgery in the prone position [69]. 
Pregnant women are prone to nosebleeds [15]; 
in terms of securing the endotracheal tube, tap-
ing the endotracheal tube to a suction catheter 
placed through the nares and brought out 
through the mouth should be avoided. The big-
gest complaint is the difficulty in lifting the 
patient to position [71]. Fetal monitoring is not 
always done as stopping the surgery to deliver 
the baby may not be safe for the mother and 
difficult with placement of the fetal heart rate 
monitor [53, 54] (see Table 18.1 for overview of 
the different positions).

Fig. 18.1  Prone positioning using blankets for craniotomy. Panel a shows the blankets on the operating table. Panel b 
shows a model in the prone position for a craniotomy using blankets
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�Lateral Position

One study on the surgical management of herni-
ated lumbar disks suggested that the lateral posi-
tion was the preferred position starting in the late 
second trimester [65]. The traditional lateral 
position is left lateral decubitus to minimize aor-
tocaval compression. The original IVC venograms 

of pregnant women in the lateral position showed 
partial occlusion [20]. MRI studies showed that 
the size of the IVC in term pregnant patients in 
the lateral position is smaller than in nonpregnant 
women [23].

Positioning the pregnant woman in the lateral 
position presents a few challenges. First, fat 
deposition during pregnancy occurs in the hips 
and thighs. Increasing the height of the pelvis 

Fig. 18.2  Prone positioning using an open frame system 
bolted to the operating room table. Panel a shows the open 

frame system bolted to the bed. Panel b shows a patient in 
the prone position for craniotomy using the modified open 
frame system

Table 18.1  Advantages and disadvantages of different positions

Position Supine Prone Lateral Sitting

Advantages 1.	 Familiar 
position

1.	 No aortocaval 
compression

2.	 Relatively well 
tolerated

1.	 Minimal aortocaval 
compression

2.	 Works well in obese

1.	 Good surgical 
conditions

Disadvantages 1.	 Aortocaval 
compression

1.	 Have to lift patient
2.	 Obese and third 

trimester difficult

1.	 V/Q mismatch
2.	 Large hips and 

thighs increase 
difficulty

1.	 Venous air 
embolism

2.	 Aortocaval 
compression

3.	 Need special 
monitoring

4.	 Late gestation
	 difficult

Positioning needs Pad under right 
hip

Open frame system 
best

Axillary roll 1.	 Pad under right hip
2.	 Leg wraps
3.	 Frame for 

headholder

Ease of cesarean 
section

Easy Impossible Difficult Unlikely

Fetal heart rate 
monitoring

Easy Difficult Easy Easy
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relative to the torso causes the pelvis to tilt and 
the spine to curve. Extra padding may have to be 
placed under the abdomen and chest to straighten 
the spine. Second, one of the goals is to allow the 
abdomen and gravid uterus to fall away from the 
IVC. If a bean bag is attempted, the edge will be 
elevated against the pelvis and thorax and fall 
away from the abdomen. In many patients, the 
body habitus does not allow a bean bag to be 
used. In these patients, flexing the lower leg at 
the hip and knee and leaving the upper leg straight 
with pillows between the legs will help stabilize 
the pelvis. Usually the upper torso is stabilized 
by securing the arms. The lower arm is most 
commonly placed on an armboard at roughly 
90–120°. Two pillows are placed between the 
two arms and the upper arm secured. 
Alternatively, the upper arm is secured using an 
airplane splint. If the patient’s torso is still not 
secure, folded blankets can be placed on both 
sides of the chest and secured in place by a Velcro 
strap over the patient’s torso.

Traditionally, the right lateral decubitus posi-
tion has been felt to place the patient at risk of 
IVC compression. One author has expressed that 
right lateral decubitus is contraindicated in the 
third trimester [72]. This is contradicted by the 
original description of the supine hypotensive 
syndrome; relief came when the patient lay on 
either side [17]. Studies of sleep positions in term 
pregnant patients indicate 27.3% of the time is 
spent in the left lateral decubitus position and 
27.8% of the time is spent in the right lateral [66]. 
There are two case reports of the successful use 
of the right lateral decubitus position during 
pregnancy. Both are thoracotomies: a diaphrag-
matic hernia and a tuberculosis infection at T2 
[73, 74].

The lateral position is associated with 
increased CO, decreased SVR, and decreased 
blood pressure [75]. The most significant prob-
lem with the lateral position is ventilation perfu-
sion mismatch [76, 77]. The dependent lung 
receives greater perfusion. The nondependent 
lung receives the greatest ventilation. During 
controlled ventilation with muscle relaxant, the 
increased intra-abdominal pressure will shift the 

diaphragm into the dependent lung resulting in 
decreased ventilation. Arterial oxygen saturation 
often decreases [77]. C-sections have been per-
formed in the lateral position in cases of severe 
aortocaval compression [17, 78].

�Supine

Pregnant women spend 26.5% of their time in the 
supine position during sleep [66]. The supine 
position is used for cesarean section and is asso-
ciated with aortocaval compression. Typically, a 
wedge is placed under the right hip to tilt the pel-
vis roughly 15° to the left. This allows the blood 
pressure to be maintained, and the fetus to toler-
ate the procedure. However, the IVC compres-
sion does not decrease until the term patient is 
tilted to the left 30° or more. If the surgical pro-
cedure would be bothered by dilated epidural 
veins or if the intracranial pressure is high, the 
preterm patient may have to be rotated greater 
than 30° to the left.

�The Sitting Position

A 51 kg woman at 25 weeks gestation underwent 
a sitting craniotomy for a large cerebellopontine 
angle meningioma [79]. A pelvic wedge was 
placed under the right hip to tilt the pelvis to the 
left. Continuous fetal heart rate monitoring was 
used. A cardiac echocardiogram was performed 
to determine whether the atrial septum was intact. 
Doppler monitoring for air embolism was used 
and detected a single episode of air embolism. 
The sitting position provides good surgical expo-
sure, reduces the size of veins in the cranium, 
reduces the need for retraction, has good pulmo-
nary mechanics, and allows for easy monitoring 
of the fetus [79, 80].

The principal disadvantage of the sitting 
position is venous air embolism. In the sitting 
position, the surgical field is higher than the level 
of the heart. Pressure in the veins is negative, and 
entrainment of air into open veins can lead to air 
embolism [80]. Detection of air embolism 
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involves the use of transthoracic Doppler or 
transesophageal echocardiography to detect 
microbubbles, capnography to look for decrease 
in end tidal CO2, and end tidal gas monitoring to 
look decreases in PO2 [80]. A central venous line 
is placed with the tip at the junction of the SVC 
and right atrium to aspirate air in the event of 
venous air embolism [80]. A patent foramen 
ovale (PFO) is viewed by some neurosurgeons as 
an absolute contraindication to the sitting posi-
tion [80] while others view a PFO as a manage-
able risk [81, 82]. Autopsy reveals that 27% of 
people have a patent foramen ovale [83]. These 
individuals have a risk of paradoxical air embo-
lism. Detection of a PFO by transesophageal 
echocardiography under propofol requires seeing 
the atrial septum bulging into the left atrium and 
good opacification of the right atrium. Improper 
technique will lead to a false negative roughly 
50% of the time [84]. One study of 200 consecu-
tive patients undergoing a sitting craniotomy had 
52 patients with a PFO (26%) [81]. Only one 
patient had a significant venous air embolism as 
defined by a decrease in end tidal CO2 >3 mmHg 
combined with ≥20% decrease of mean arterial 
blood pressure or increase in heart rate ≥40%. 
None of the 52 patients with a PFO had a neuro-
logical injury [81]. Another study of 600 patients 
had an incidence of significant venous air embo-
lism of 3.3 and 0.5% of termination of surgery for 
venous air embolism [82]. There were 24 cases 
with a confirmed PFO with no evidence of para-
doxical air embolism [82].

Hypotension and resulting decreased cerebral 
perfusion is another problem with the sitting 
position. The arterial line should be referenced at 
the level of the mastoid process. Changing from 
the supine to the sitting position decreases pre-
load and CO and increases SVR [85]. To mini-
mize the decrease in preload, the legs are often 
wrapped. A pregnant woman with aortocaval 
compression may be at increased risk for poor 
venous return particularly an obese patient or one 
of advanced gestational age. In the case reported, 
a pelvic wedge was utilized to decrease aortoca-
val compression [79]. This patient was only 
51 kg [79]. A larger individual may have more 
difficulty with hypotension.

�Antibiotic Prophylaxis

Piperacillin, cefazolin, and clindamycin have lit-
tle overall risk to the fetus. Intravenous vancomy-
cin is felt to be generally safe in pregnancy [86]. 
All four are used for prophylaxis of group B 
Streptococcus infections [87]. However, vanco-
mycin is typically reserved for situations where 
the benefits outweigh the risks [87]. Vancomycin 
was given to ten pregnant women with methicillin-
resistant Staphylococcus aureus infections, and 
the subsequent children had no hearing loss or 
nephrotoxicity attributed to the vancomycin [88]. 
Cefazolin is the first choice for antibiotic prophy-
laxis for craniotomy during pregnancy [89]. 
Piperacillin and clindamycin are potential alterna-
tives [87, 89]. Vancomycin can be used typically 
in the second and third trimester after other alter-
natives have been considered [87, 89].

�Seizure Prophylaxis

Lamotrigine and levetiracetam are considered 
first-line drugs for women of childbearing age for 
generalized seizures and focal seizures [90]. In 
comparison to valproate, phenytoin, and pheno-
barb, lamotrigine and levetiracetam are not asso-
ciated with increased risk of congenital anomalies 
[90]. Valproate usage during pregnancy is associ-
ated with increased risk of congenital anomalies 
and reduced intellectual development [91]. 
Following the offspring of mothers on valproate 
monotherapy, the offspring have a reduction in 
intellectual development that persists at 6 years 
of age compared to the offspring of mothers on 
carbamazepine, phenytoin, or lamotrigine mono-
therapy [92].

�Treatment of Intracranial Pressure

The treatment of intracranial pressure can involve 
the use of external ventricular drainage, spinal 
drains, hyperventilation, mannitol, lasix, and 
hypertonic saline solutions. The use of ventricu-
lar shunts and external ventricular drainage is 
well documented in the literature with no adverse 
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effects [93, 94]. Spinal drainage of cerebrospinal 
fluid is also without adverse effects being used 
extensively in patients with idiopathic intracranial 
hypertension [95]. Hyperventilation is typically 
limited to a PCO2 of 25–30 mmHg [96] because 
hyperventilation has been shown to decrease uter-
ine blood flow [97]. Mannitol has been shown to 
transfer of water from the fetus to the mother. For 
concern of fetal dehydration, mannitol is recom-
mended to be limited to 0.25–0.5  mg/kg [96]. 
Lasix has been used with monitoring of urinary 
output without ill effect [98]. The use of hyper-
tonic saline in humans has not been reported. In 
the pregnant ewe, prolonged fluid restriction sim-
ulating drought conditions has been done with a 
rise in maternal sodium levels from 147 to 
156 mEq/L. Although there does not appear to be 
fetal demise to chronic elevation, the hypotha-
lamic-pituitary arginine vasopressin regulatory 
system is altered with the concern of increased 
risk of hypertension [99].

�Tocolysis

Tocolytics are only given if needed. Nifedipine 
has fewer side effects but may cause hypotension 
[100]. Betamimetics such as terbutaline are lim-
ited by maternal side effects [90]. Indomethacin 
is limited by fetal side effects [101]. Magnesium 
sulfate is no longer considered efficacious [102]. 
Atosiban, an oxytocin receptor antagonist, has a 
good maternal side effect profile but is not 
approved in the United States [103].

�Neurosurgery with Fetus In Utero

Aspiration pneumonitis prophylaxis such as an 
histamine-2 receptor blocker and reglan should 
be given 1  h preoperatively [104]. Pneumo
compression devices should be used as the patient 
should have to be considered hypercoagulable 
[16]. A pad 12–15  cm high should be placed 
under the right hip to tilt the pelvis. This pad may 
be combined with tilting the operating table an 
additional 15° to relieve aortocaval compression 
in most patients [23]. The table can be placed in 

20° reverse Trendelenburg to decrease ICP and 
aid in preventing regurgitation and passive aspi-
ration of stomach contents. The pregnant woman 
has a decreased functional residual capacity [11] 
and should be preoxygenated to help prevent 
desaturation. Cricoid pressure can be held to 
decrease the risk of aspiration. To avoid the 
increase in intracranial pressure reported with 
succinylcholine [105], rapid sequence induction 
using a defasciculating dose of a nondepolarizing 
muscle and succinylcholine can be used. 
Alternatively, a small risk of aspiration can be 
accepted. A nondepolarizing muscle relaxant can 
be used, and the patient can be gently ventilated 
holding cricoid pressure. An attempt should be 
made to blunt the hypertensive response to 
laryngoscopy.

Intraoperatively, the patient is positioned 
according to the needs of the surgery. Specifically 
for craniotomies (see Table  18.2 for consider-
ations for craniotomies), recommendations are to 
limit hyperventilation to a PaCO2 of 25–30 mmHg 
[96]. Mannitol is recommended to be limited to 
0.25–0.5  mg/kg [96]. Dexamethasone can be 
safely given to reduce peritumor edema as 
betamethasone has long been given for fetal lung 

Table 18.2  Considerations for craniotomy with intrauter-
ine pregnancy

•  Preoperative assessment considers maternal risk 
and fetal viability

•  Team approach recommended

•  Obstetrician to determine appropriate fetal heart 
rate monitoring

•  Aspiration prophylaxis/cricoid pressure

•  Pelvic tilt to help relieve aortocaval compression 
during induction

•  Antibiotic prophylaxis—Cefazolin [89]

•  Phenylephrine—first-line drug for treatment of low 
blood pressure [96]

•  Patient positioned according to patient condition 
and surgical needs

•  Mild hyperventilation to PaCO2 of 25–30 mmHg 
[96]

•  Mannitol 0.25–0.5 mg/kg intravenously [96]

•  Decadron as needed

•  Seizure prophylaxis with Lamotrigine or 
Levetiracetam [90]

•  Tocolysis given only if needed
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maturation [96]. Phenylephrine is now recognized 
as the first-line drug for maintaining blood pres-
sure not ephedrine [96]. Some anesthesiologists 
prefer an inhalational anesthesia with narcotics, 
and others prefer a total intravenous anesthetic 
[96]. The goals of the anesthetic are: (1) maintain 
the maternal blood pressure in the patient’s normal 
range, (2) maintain good maternal oxygenation, 
(3) maintain a relatively normal acid-base status, 
and (4) use as little phenylephrine as possible.

To illustrate, a patient at 20 weeks gestation 
underwent a resection of a cerebellar hemangio-
blastoma in the prone position. The patient was 
given aspiration prophylaxis and had pneumo-
compression devices applied. The patient was 
placed in 20° reverse Trendelenburg with a pad 
under her right hip at time of induction. After pre-
oxygenation, she was induced with propofol, 
remifentanil, and zemuron while maintaining cri-
coid pressure. She was placed in the prone posi-
tion using the apparatus shown in Figure 18.2b. 
She was maintained with desflurane and remifen-
tanil. Cefazolin was given for antibiotic prophy-
laxis. For exposure, only mild hyperventilation 
was required. Preoperative and postoperative 
fetal ultrasounds were performed. No intraopera-
tive fetal heart rate monitoring was performed as 
the fetus would be best resuscitated in utero 
rather than delivered. No seizure prophylaxis or 
tocolysis was given.

�Neurosurgery with Cesarean 
Section

Induction of anesthesia begins in the same man-
ner as described above. Rarely, neurosurgery 
begins at the same time as the cesarean section 
[106]. More commonly, the c-section is per-
formed first, and the patient is repositioned for 
neurosurgery [96]. In positioning, the uterus is 
still of a size to cause aortocaval compression 
[33]. CO and plasma volume are at the highest 
levels [4, 6]. Blood loss from c-section is offset 
by autotransfusion from contraction of the uterus 
[9, 10]. After c-section, postpartum hemorrhage 
is treated by lowering the dose of the volatile 
anesthetic and giving oxytocin derivatives [96]. 

Ergot derivatives should be avoided as they can 
cause cerebral vasoconstriction [104].

If neurosurgery can be delayed, the uterus 
should return to the pelvis at the end of 2 weeks, 
and aortocaval compression is less likely. CO 
will have decreased, and increases in plasma vol-
ume will have diminished [4, 6]. However, 
6 weeks is considered the time that most of the 
physiologic changes have returned to baseline 
[4, 6, 13, 33].

�Conclusions

Positioning of the pregnant patient must be indi-
vidualized to meet the needs of the patient, the 
fetus, and the surgeon. The goals of positioning 
and anesthesia are to avoid aortocaval compres-
sion, compression of the uterus, and to maintain 
as normal maternal state as possible.
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�Introduction

Positioning of patients in the operating room 
(OR) is extremely important to the success of 
neurosurgical procedures. Patient outcomes are 
also influenced by positioning outside of the OR 
including during transport and while in the inten-
sive care unit. Neurosurgeons and critical care 
providers need to be well versed in the proper 
positioning in each of their respective settings in 
order to optimize patient outcomes. Positioning 
varies based on comorbidities, type of pathology, 
timing of injury, and type of surgical interven-
tion. The fundamentals of proper positioning are 
rooted in an understanding of the interaction of 
neurosurgical pathology with basic principles of 
neurophysiology, cardiovascular hemodynamics, 
and respiratory physiology. There are multiple 
goals when considering proper positioning in 
intensive care unit. These include minimizing 
postoperative pain and prevention of delayed 
complications and mitigating any intraoperative 

complications. In addition, positioning should 
optimize the postoperative physiologic conditions 
for liberation from mechanical ventilation and 
invasive monitors to shorten the overall ICU 
length of stay. This chapter will provide a review 
on basic concepts of ICU positioning with a 
specific review of postoperative positioning 
considerations in the neurocritical care unit using 
a framework based on type of neurosurgical 
procedure performed.

�Review of Basic Positions 
and General Principles

The overwhelming majority of patients in the 
neurocritical care unit are supine in the immediate 
postoperative period with varying levels of reverse 
and standard Trendelenburg positioning. Other 
less commonly utilized positions include prone 
and more rarely prolonged or frequent lateral 
positioning. Independent of the position some of 
the common concerns for patients in a prolonged 
immobile state is development of compression 
neuropathy, deep venous thrombosis, and skin 
breakdown/pressure ulcers. These are rarely 
encountered in elective surgical patients with 
short ICU stays but are of major concern in 
acutely ill patients, like those with aneurysmal 
subarachnoid hemorrhage or severe spinal cord 
injuries, who often have prolonged intensive care 
units stays [1].
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In the supine position, the shoulders, elbow, 
wrist, and gluteal area need to be sufficiently 
padded to prevent compression neuropathy. 
Padding in the ICU is generally accomplished 
with foam blocks of various shapes and sizes. 
Towel rolls are also employed and can be placed 
under the knees with feet suspended by padding 
under calves to minimize venous restriction to 
prevent deep venous thrombosis. Air mattresses 
are the standard equipment to reduce pressure 
phenomenon on peripheral nerves and venous 
structures. In addition, the lower extremities 
should be positioned at the level of the heart to 
maintain venous return whenever the patient is 
not upright or actively being mobilized. This will 
maintain both cardiac output and prevent venous 
thromboembolism [2, 3]. Patients in the neuro-
critical care unit are one of the highest risk groups 
of any ICU patient population for deep venous 
thrombosis due to the immobility of one or mul-
tiple extremities that may accompany critical ill-
ness. It is important to emphasize that in addition 
to positioning use of pharmacologic venous 
thromboembolism prophylaxis is proven to be 
efficacious and safe in the immediate periopera-
tive period for all neurosurgical pathologies 
including aneurysmal subarachnoid hemorrhage, 
traumatic brain injury, and brain tumors [4–9].

Common positions have predictable physio-
logic effects that are important to consider in 
concert with the completed surgery and patient 
comorbid conditions when recovering in the 
ICU. In the supine and Trendelenburg positions, 
there is cranial displacement of the diaphragm 
and abdominal compartment leading to reduced 
functional capacity. Atelectasis is also promoted 
and also worsens ventilation perfusion matching 
[10, 11]. Trendelenburg positioning with the head 
down is rarely employed in the NICU due to the 
deleterious effects of raised intracranial pressure. 
It has similar effects on pulmonary and cardio-
vascular physiology to supine positioning but are 
more pronounced in terms of increased venous 
return, mean arterial pressure, and cardiac output. 
Head down positioning can also precipitate air-
way edema if prolonged and is an important post-
operative consideration for spine surgery that will 
be discussed further below [12, 13].

Prone positioning in the intensive care unit is 
employed almost exclusively for mechanically 
ventilated patients with severe hypoxia due to 
adult respiratory distress syndrome (ARDS). The 
most common preventable injuries in prone 
patients are disorders of peripheral nerve com-
pression. Radial and ulnar neuropathies can be 
prevented by keeping arms in slightly flexed 
position which prevents excessive traction in 
either direction. Brachial plexus injuries can 
occur with rostral or caudal traction on shoulders. 
Another injury from inadequate padding is due to 
pressure on anterior superior iliac crest, which 
can lead to lateral femoral cutaneous neuropathy. 
Rarely vascular compression of external iliac 
artery can be seen as well due to prolonged com-
pression in inguinal region. Ideally the face and 
head should be gently suspended without any site 
of compression and shoulders overhanging the 
chest rolls. Careful examination of male genitalia 
should be done to avoid any compression between 
thighs or gluteal folds [14].

Patients with ARDS may also require beds that 
continuously rotate from prone to supine position-
ing. There are multiple commercially available rota-
tional beds that provide the above described whole 
body padding including the careful pelvic and cra-
nial suspension. Rotational beds improve oxygen-
ation in ARDS via recruitment of atelectatic lung 
segments and promote better ventilation perfusion 
matching and also increase the functional residual 
capacity. Although ARDS is rare in the neurosurgi-
cal population as a whole, it is not uncommon in 
patients who have poly-trauma including traumatic 
brain injury (TBI) or spinal cord injury (SCI) [15, 
16]. Patients with these types of neurologic injuries 
who are prone require special attention to intracra-
nial pressure and cerebral and spinal cord perfusion 
pressure due to disturbed autoregulation which can 
make cerebral blood flow pressure passive. Prone 
positioning may precipitate crisis of ICP and or 
cerebral perfusion if the patient is not properly posi-
tioned. The abdomen should be kept suspended to 
prevent venous compression which can lead to sig-
nificant epidural venous hypertension which 
impairs blood flow to the spinal cord via retrograde 
venous hypertension. Additionally, abdominal com-
pression may compress the vena cava and reducing 
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blood return from the lower extremities impairing 
preload and as a result reducing the cardiac output. 
This reduction in cardiac output will in turn impair 
cerebral and spinal perfusion pressure, particularly 
when autoregulation is compromised [17].

Prone or rotational positioning poses addi-
tional challenge in the neurocritical care unit due 
to the increased sedation needs of these patients 
which in conjunction with pharmacologic paraly-
sis severely limits the neurologic exam. For these 
reasons, prior to being placed in a prone position 
for ARDS the neurosurgeon and critical care pro-
vider must decide whether prophylactic proce-
dures must be performed to minimize the risk of 
secondary neurologic injury. Predicting individ-
ual patient’s tolerance for prone positioning must 
be done on a case by case basis. Generally, this is 
a last resort for patients who have exhausted all 
attempts at acceptable oxygenation. A simple 
trial of lying the patient flat may help indicate tol-
erability of prone positioning in terms of ICP but 
the hemodynamic effects of prone positioning 
are unique and unpredictable. Therefore, in the 
case of severe TBI maximal efforts like decom-
pressive hemicraniectomy and pharmacologic 
paralysis with pentobarbital coma should be con-
sidered prior to prone positioning.

�Transfer of Critically Ill 
Neurosurgical Patients

One of the first considerations with any operative 
procedure is the disposition of the patient at the 
completion of the case. This is institutionally 
dependent and protocols are useful regarding 
routine recovery either in the post-anesthesia care 
unit (PACU) or directly in the intensive care unit. 
Recovery directly in the NICU has the advantage 
of direct and fewer transports and improved bed 
flow. Another important advantage is that the 
NICU nursing staff is more familiar with early 
postoperative neurologic complications. 
However, this is balanced by less experience with 
managing the normal physiologic response to 
emergence from anesthesia and potential imme-
diate post-anesthetic complications. Therefore, 
we feel that transfer directly to the NICU should 

only occur when a neurointensivist or advanced 
practice nurse is immediately available upon the 
patient’s arrival to receive a complete handoff 
from the anesthesia provider. Delayed emergence 
is the most concerning post-anesthetic complica-
tion. This may be due to a number of factors 
including incomplete clearance of anesthetic, 
paralytics, opioids, or due to the presence of 
cholinesterase deficiency, or pre-existing or new 
neurologic injury [18, 19].

Once admitted to the ICU, transport for imag-
ing or other diagnostic testing outside of the unit 
after the surgery is often necessary but should not 
be viewed as a risk-free endeavor. Transport from 
the ICU requires supine positioning with all of its 
attendant potential complications in regard to 
ICP, cardiovascular hemodynamics, and respira-
tory mechanics. Although routine postoperative 
CTs are commonly ordered by many neurosur-
geons, this practice has not been demonstrated to 
improve outcomes or significantly reduce com-
plications [20, 21]. On the contrary, several stud-
ies demonstrate that the more intrahospital 
transports a patient experiences the risk of inva-
sive device failure, nosocomial infection, or 
severe physiologic derangements are increased 
[22]. Therefore, every diagnostic test should be 
performed in the ICU when possible and any 
other tests requiring travel should be minimized 
if not absolutely necessary.

�Neurosurgical Procedures 
and Intensive Care Unit Positioning

Positioning of the patient post neurological sur-
gery depends largely on the degree and type of 
pathology and the specific operative intervention 
performed. Given the large number and wide 
variety of neurosurgical procedures, it is beyond 
the scope of this chapter to discuss every surgery 
and the best postoperative strategy. Therefore, we 
will discuss positioning as it relates to some of 
the most common cerebrovascular, cranial, and 
spine surgeries as a framework to illustrate the 
key pathophysiologic principles that are common 
to all neurosurgical procedures with a focus on 
complication avoidance and management.
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�Neuroendovascular Surgery

The explosive growth of neuroendovascular sur-
gery in the last 30  years has fundamentally 
changed the practice of neurosurgery and neuro-
critical care. It has provided a method of treat-
ment for patients with acute ischemic stroke, 
improved aneurysmal subarachnoid hemorrhage 
outcomes, and provided adjunctive multimodal-
ity treatments for arteriovenous malformations 
and brain tumors [23–27]. Despite the minimally 
invasive nature of these procedures, the postop-
erative course must be managed with the same 
care and attention to detail as open neurosurgical 
procedures. The arterial access point for neuroen-
dovascular surgery is almost always the femoral 
site and usually ranges from a 4 to 9 French size 
arteriotomy [28]. Positioning of the leg should 
remain straight for a period of 4–6 h post proce-
dure after sheath removal. The neurointensivists 
and nursing staff should note the manner of 
hemostasis (manual compression or closure 
device). Regardless of the mode of hemostasis, 
flexion at the hip or knee or sitting the patient up 
prematurely may precipitate bleeding from the 
access site. The sheath may also be sewn in place 
at the end of the procedure and placed on a pres-
sure bag for blood pressure monitoring. Flexion 
at the hip may lead to dislodging of the sheath, 
kinking resulting in thrombosis and inaccurate 
blood pressures, or force it against the arterial 
wall which may cause dissection of the femoral 
artery with repetitive movement.

�Mechanical Thrombectomy (MT): 
Autoregulation and Cerebral Blood 
Flow

Mechanical thrombectomy (MT) is the standard of 
care treatment in addition to IV tPA for acute isch-
emic stroke (AIS) caused emergent large vessel 
occlusion (ELVO) . Multiple randomized con-
trolled trails (RCTs) and meta-analysis have 
shown absolute benefit of MT for selected ELVO 
patients [29–34]. It is rapidly becoming the most 
common neuroendovascular surgery seen in most 
NICUs. Post-MT positioning should be focused 

on optimizing the physiologic conditions for brain 
perfusion. Autoregulation is disturbed with cere-
bral blood flow becoming pressure passive in 
many AIS patients. Therefore, supine positioning 
is often advocated for these patients [35]. This is 
particularly important in cases of incomplete 
recanalization of the occluded artery where cere-
bral blood flow to vulnerable ischemic tissue is 
most affected by the pressure passive state. In this 
situation, it may be preferred to keep the patient 
supine to augment cerebral blood flow via collat-
eral channels. However, completely supine posi-
tioning may be limited by other comorbidities 
common to the stroke patient such as congestive 
heart failure or chronic obstructive pulmonary dis-
ease [36, 37]. In patients who can’t be supine 
immediately post procedure, reverse Trendelenburg 
positioning with the access site leg straight is often 
necessary. The systolic blood pressure from the 
femoral arterial sheath should be expected to be 
approximately 20 mmHg higher routinely and as 
the heart is elevated further above the femoral 
artery this discrepancy should increase [38].

�Endovascular Aneurysm Coiling 
and Microsurgical Clipping 
in Subarachnoid Hemorrhage, 
Positioning for Optimizing Cerebral 
Blood Flow and Intracranial Pressure

Aneurysmal subarachnoid hemorrhage (aSAH) 
patients often have prolonged courses in the 
NICU with severe pathophysiologic derange-
ments in multiple organ systems simultaneously. 
These include electrolyte and volume status dis-
orders with cerebral salt wasting and SIADH, 
respiratory failure requiring mechanical ventila-
tion, cardiovascular and cerebrovascular hemo-
dynamic disorders with neurocardiogenic heart 
failure and cerebral vasospasm, as well ICP cri-
sis. This makes positioning of the patient during 
the ICU stay crucial to optimal outcome.

All patients with aSAH should be head up to a 
minimum of 30° to mitigate ICP elevation. The 
neurointensivist or nurse should also maintain a 
neutral head position to minimize compromising 
venous return from the cranium which may raise 
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ICP.  It is common to have anatomic variation 
with congenitally hypoplastic or absent trans-
verse, sigmoid, and jugular system on one side 
which can lead to compromised venous return if 
the head is positioned unfavorably [39]. The dis-
position of the venous system may be obtained 
from the angiographer or from review on nonin-
vasive cross-sectional imaging. Additionally, 
when an ICP monitor is available, the optimum 
head position can be easily determined by observ-
ing the variations of the ICP waveform and pres-
sure with head positioning. The knowledge of a 
hypoplastic unilateral venous system guides not 
only the head position but also the site of place-
ment of central venous lines. We prefer to place a 
subclavian catheter contralateral to the dominant 
venous drainage of the brain.

If cerebral vasospasm is suspected or con-
firmed, the standard medical therapy of “triple H,” 
hemodilution, hypervolemia, and induced hyper-
tension is the standard medical treatment. Modern 
understanding of triple H is that the goal is truly to 
augment cardiac output while maintaining 
euvolemia. Hemodilution with hemoglobin levels 
of approximately 10 g/dL is almost universal with 
serial phlebotomy required for monitoring in the 
ICU.  In poor grade aSAH, HHG  >  3, there is 
increasing data to support higher CPP goals [40]. 
Positioning can have important effects on cardiac 
output, blood pressure and therefore the efficacy 
of induced hypertension. Preload is maintained by 
having the lower extremities at the level or above 
the heart. Like ischemic stroke patients autoregu-
lation may be disturbed in patients with 
aSAH. However, supine positioning is not recom-
mended because of the concern of increasing ICP 
and thus reducing the cerebral perfusion pressure.

�Craniectomy for Ischemic Stroke, 
Intracranial Hemorrhage, 
and Traumatic Brain Injury: 
Positioning Considerations 
for Intracranial Pressure Management

Large volume ischemic strokes, cerebellar strokes, 
intracranial hemorrhage, and traumatic brain injury 
with resultant edema can all result in lethal elevations 

of intracranial pressure despite maximal medical 
management. Randomized clinical trials of decom-
pressive hemicraniectomy of supratentorial ischemic 
stroke have demonstrated reduced mortality com-
pared to medically managed and improved neuro-
logic outcome for patients less than 60 years of age 
[41–44]. Similarly, for large cerebellar ischemic and 
hemorrhagic strokes (>3  cm volume) suboccipital 
craniectomies are established to be first-line lifesav-
ing procedures that should be performed prior to neu-
rologic deterioration [45, 46].

Positioning after hemicraniectomy should main-
tain a neutral posture of the head to avoid venous 
outflow restriction and ICP elevation. Additionally, 
the head should be positioned to avoid compression 
of the craniectomy site as this will limit the benefi-
cial effects of the craniectomy on ICP and may 
damage the brain due to direct pressure. Mechanical 
compression of the craniectomy site may also result 
in impaired perfusion in the peri-infarct tissue with 
expansion of ischemic infarct. Patients requiring 
craniectomy must also be maintained in an upright 
(30–45°) posture. After suboccipital decompres-
sion, head up positioning is also recommended.

In the subacute period, cerebrospinal fluid 
(CSF) leakage and pseudomeningocele are both 
well-known complication of posterior fossa sur-
gery. Both CSF leaking and expanding pseudo-
meningocele (by virtue of wound breakdown) are 
risk factors for nosocomial meningitis and should 
be promptly identified and corrected. Both of these 
complications may happen spontaneously or be 
precipitated by attempts at clamping and weaning 
a ventriculostomy. In these situations, the ventric-
ulostomy should be reopened and if the patient’s 
ICP is able to tolerate supine positioning, a trial of 
this maneuver is often helpful to help the wound 
closure and avoid surgical revision of the wound.

�Complex Spine Surgery: Positioning 
Considerations for Postoperative 
Airway Management 
and Cerebrospinal Fluid Leakage

Spinal surgery compromises the majority of 
elective neurosurgical practice. The increasing 
age and comorbidities of neurosurgical patients 
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and the complexity of spinal instrumentation 
procedures have made admission to the intensive 
care unit a routine occurrence. Although the ICU 
stay is generally short, there are important con-
siderations in regard to positioning for these 
patients. Morbidity and mortality after spinal 
fusion is not trivial and has been reported to 
approach 23 and 0.5%, respectively, and up to 
10% of lumbar spine fusions will require care in 
an ICU [47]. Factors independently associated 
with increased morbidity after spine surgery 
include advanced age, male gender, and 
increased comorbidity burden. Patients who 
undergo long prone surgery (>4  h) may have 
extubation delayed due to facial and airway 
edema. Additionally, anterior-posterior surger-
ies, prone cases with large blood loss (>1 L), and 
cervical surgery near the airway should all be 
considered for delayed extubation due to 
increased risk of airway edema. At the conclu-
sion of surgery and after flipping to the supine 
position with the head of bed elevated in the OR 
if edema is significant then the patient is main-
tained intubated. In the ICU, the patient should 
continue to be positioned with the head of bed 
elevated in reverse Trendelenburg. Most patients 
who remain intubated after spinal surgery will 
be extubated successfully within 24 h [48].

After any cervical surgery, careful monitoring 
for development of a hematoma is a basic part of 
the postoperative care. Proper positioning is cru-
cial to help mitigate compromise of the airway if 
a hematoma develops. Supine positioning should 
be avoided particularly if a hematoma develops 
as immediate airway obstruction may occur from 
a rapidly expanding neck hematoma. If the 
patient is in distress, the difficult airway cart 
should be brought to the bedside and the surgical 
site opened immediately prior to lying the patient 
supine to attempt intubation.

Cerebrospinal fluid leakage occurs due to 
incidental durotomy in approximately 6.8% of 
spinal surgeries. Fortunately, the rate of sponta-
neous resolution of CSF leaks is high with rates 
reported ranging from 80 to 95% [49]. A persis-
tent leak implies a pressure imbalance between 
the subarachnoid and epidural compartments. 
Surgical revision is always an option but has its 

own intrinsic failure rate of approximately 5–9% 
[50]. An epidural blood patch will increase the 
pressure over the closure and can lead to cessa-
tion of CSF leaking. The subarachnoid compart-
ment can be addressed by giving medications to 
reduce CSF production (i.e., acetazolamide), 
CSF diversion by using drains, or by altering the 
patient’s positioning. The basic principles of fluid 
dynamics inform positioning. The dural tear site 
should be elevated to further reduce subarach-
noid pressure. Animal studies have demonstrated 
a 29% reduction in cervical subarachnoid pres-
sure with change of positioning from 0 to 90° 
[51]. Therefore, after cervical and high thoracic 
procedures reverse Trendelenburg is preferred in 
contrast to lumbar or lower thoracic surgeries 
were Trendelenburg, supine, or prone positioning 
is standard if CSF leak is suspected. This posi-
tioning will reduce CSF volume at the site of sur-
gery and thus minimize subarachnoid pressure 
across the site of dural injury and encourage 
wound closure [12].

�Cranial and Skull Base Surgery Tumor 
Surgery: Positioning Considerations 
for Optimizing Intracranial Pressure 
and Management of Brain Edema

Postoperative elective brain tumor patients spend 
a short period in the ICU, generally less than 
24 h, principally to ensure that emergence from 
anesthesia is safe and the airway is stable. 
However, patients with large tumors or those who 
present with significant mass effect may have 
prolonged ICU stays. Management of intracra-
nial pressure and edema in this group of brain 
tumor patients requires careful attention. Brain 
tumor patients can manifest both vasogenic 
edema due to increased capillary permeability 
and also interstitial edema due to obstructive 
hydrocephalus and trans-ependymal flow of CSF 
[52, 53]. The guiding principle for the manage-
ment of brain edema and intracranial pressure is 
maintaining neutral head up position at a mini-
mum of 30°. Medical therapy with steroids and 
hyperosmolar therapy (i.e., mannitol and/or 
hypertonic saline) are often continued and slowly 

A. Pandhi and L. Elijovich



247

tapered after surgery reduces mass effect. Head 
up or reverse Trendelenburg positioning is also 
important in terms of controlling blood pressure 
within the desired range to avoid postoperative 
tumor bed hemorrhage. Due to the edema and the 
pathologic state of the tumor bed vasculature, 
regional autoregulation is often disturbed and 
may be pressure passive similar to the hemody-
namic situation encountered in acute ischemic 
stroke patients. Head up positioning in conjunc-
tion with blood pressure control is important to 
maintain hemostasis of the electrosurgically 
coagulated blood vessels [54].

Large tumor resections, particularly posterior 
fossa surgery/skull base surgery, invariably gen-
erate some degree of pneumocephalus. The 
efflux of CSF during surgery produces a negative 
pressure that is filled by the entry of air. The 
overwhelming majority of intracranial air is 
asymptomatic and will resolve spontaneously. 
Rarely, in the presence of a continued CSF leak 
a ball valve mechanism is created that allows air 
to enter but is unable to escape resulting in a ten-
sion pneumocephalus. These patients will 
become symptomatic 2–4 days after the opera-
tion due to mass effect. These patients should be 
positioned supine or head up to minimize CSF 
leaking and the ball valve effect. Additionally, 
administration of 100% oxygen will promote 
movement of nitrogen rich intracranial air due to 
the gradient of partial pressure favoring nitrogen 
reabsorbtion into the blood stream. This may sta-
bilize the situation until definitive surgical repair 
is undertaken [55].

An additional concern in regard to medical 
treatment of pneumocephalus is rapid removal 
of air which can theoretically promote venous 
bleeding.

�Conclusions

Positioning of patients in the neurocritical care 
unit is essential to ensuring the best postopera-
tive outcomes. Proper positioning requires 
neurocritical care providers to have a funda-
mental understanding of the surgical proce-
dure, pathophysiology of the treated conditions, 

and potential complications. We hope the dis-
cussion in this chapter has illustrated the 
important physiologic manipulations that can 
be attained by proper positioning and how 
these can mitigate and prevent complications.
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�Background

Historically, there were two main theories of the 
causes of perioperative peripheral nerve injuries 
(PPNI). The initial theory was that PPNI was 
due to toxicity from anesthetic agents; however, 
this was not well supported. The second and cor-
rect theory was that PPNI was a result of malpo-
sitioning in the operating room. This was 
published in 1894 [1]. Nearly a century has 
passed since the initial description of PPNI. 
Unfortunately, these injuries still occur despite 
tremendous increases in medical knowledge and 
technological advancement.

A report from Germany in 2008 found that 
17.4% of traumatic nerve injuries were iatrogenic 
[2]. Two American Society of Anesthesiologists 
Closed Claim analyses nearly a decade apart 
showed that 15 and 16% of all claims were related 
to PPNI [3, 4]. Ulnar neuropathies were the most 
frequent (28%) followed by brachial plexus 
(20%) and lumbosacral neuropathies (16%). The 
incidence of PPNI has been quoted to be 0.03% 
[5]. These injuries are disappointing to surgeons, 
especially when they often are not related to 
the surgical pathology of the patient. The conse-

quences of these injuries are a detriment to the 
patient, the health care provider, and the overall 
health care system. Patients often experience 
pain, delay in return to work, and inability to per-
form their daily activities of life. Neurological 
and orthopedic surgical procedures have been 
shown to have a significantly higher risk of PPNI 
[5]. During neurosurgical procedures, patients are 
often placed in sustained positions for prolonged 
periods of time. The neurosurgeon must under-
stand the anatomy and risk factors associated with 
PPNI in order to avoid complications during these 
procedures. In this chapter, we review the patho-
physiology, surgical anatomy, diagnosis, and 
management of peripheral nerve injury during 
positioning for neurosurgical procedures.

�Pathophysiology

The neuron is composed of a cell body, dendrites, 
and an axon. Dendrites carry information to the 
cell body and axons carry information away from 
the cell body. The cell body contains the cyto-
plasm and the nucleus of the neuron. Neuronal 
conduction occurs from the dendrite to the cell 
body to the axon. The axon of a neuron synapses 
with the dendrite of the next neuron using chemi-
cal neurotransmitters (Fig. 20.1).

The membrane of the neuron is baseline nega-
tively charged. When cell of the nerve reaches 
threshold voltage, the sodium channels open 
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leading to further depolarization of the membrane. 
This creates a wave of depolarization along the 
nerve fiber known as an action potential. The 
peripheral nerve is composed of nerve fibers 
(axons) bundled together. These bundles are 
known as nerve fascicles. The endoneurium is a 
connective sheath that contains the vasa nervo-
rum (blood supply to the nerve) and surrounds 
the nerve. The nerve fascicles are bundled 
together in a fibrous tissue known as the perineu-
rium. The epineurium is the fibrous sheath that 
surrounds the entire nerve. The blood vessels on 
the epineurium penetrate the perineurium to 
anastomose with the blood vessels located in the 
vasa nervorum [6]. The cross section of a periph-
eral nerve is shown in Fig. 20.2.

There are several distinct but related ways 
that can damage the peripheral nerve during 
positioning. At the microscopic level, the final 

common pathway of nerve injury is ischemia 
[7–10]. Ischemia can be caused by any mecha-
nism that impedes blood flow to the neuron 
[11, 12]. This can be caused by direct compres-
sion of the nerve or stretch of a nerve [13]. These 
mechanisms increase intraneural and extraneural 
pressures which leads to reduced perfusion pres-
sure and nerve ischemia. Nerve ischemia can lead 
to a focal conduction block in mild injury and 
demyelination or degeneration in more severe 
injury. Nerve regeneration is slow and varies 
from 1 to 4 mm per day and is slower across scar 
tissue [14]. Remyelination lags behind regenera-
tion by 9–20 days and also proceeds in a proxi-
mal to distal direction [15]. If no regeneration 
occurs within 1–1.5  years, the Schwann cells 
have likely been replaced by fibrous tissue and 
the prognosis is poor [16].

Table 20.1 lists these mechanisms of injury and 
clinical examples of how they could lead to PPNI.

The first major way in which a nerve can be 
damaged is by stretch. Appendages that are posi-
tioned outside the normal physiologic range of 
motion are subject to stretching the neurovascu-
lar structures present within them. This can lead 
to ischemia, necrosis, and in some cases even 
tearing of the connective tissue that composes the 
structure of the nerve. The second major way in 
which a nerve can be damaged is by compres-
sion. Inadvertent positioning that does not utilize 
adequate padding and care to avoid nerve injury 
can result in prolonged periods of time of neural 
compression. Associated risk factors for com-

Fig. 20.1  Neuron structure [87] (Image courtesy of 
AxoGen Corporation)

Fig. 20.2  Cross section anatomical diagram of peripheral 
nerve [87] (Reprinted with permission from AxoGen) 
(Image courtesy of AxoGen Corporation)

Table 20.1  Mechanisms of PPNI with specific 
examples

Mechanisms of 
injury Examples

Stretch Poor positioning of appendages 
outside normal range of motion

Compression Poor padding of areas at risk for 
nerve compression

Direct transection 
or laceration

Needle trauma from injection for 
from direct intraoperative 
damage

Ischemia Prolonged immobility, local 
anesthetic agents, tourniquets

Toxicity of 
injected solutions

Highly concentrated local 
anesthetic agents
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pression and stretch injury are as follows: hypo-
thermia, hypotension, hypoxia, and electrolyte 
disturbances [14, 17]. The final way in which a 
nerve could be damaged intraoperatively is direct 
laceration or transection or, in some cases, injec-
tion of toxic solutions such as highly concen-
trated anesthetic agents.

�Preoperative History and Physical 
Assessment

The American Society of Anesthesiologists 
(ASA) has issued a practice advisory based on 
evidence consensus that body habitus, pre-exist-
ing neurological symptoms, diabetes, peripheral 
vascular disease, alcohol dependency, gender, 
and arthritis are important components of a pre-
operative history and physical assessment to 
identify those at risk for iatrogenic peripheral 
neuropathies. This is of utmost importance 
because when these risk factors are combined 
with general anesthesia and muscle relaxants the 
patient becomes at very high risk for iatrogenic 
nerve injury. The advisory also states that it 
would be helpful, when appropriate, to ascertain 
that patients can comfortably tolerate the antici-
pated operative position [18].

�Classification of PPNI

The majority of what we know about peripheral 
nerve injury and their classification comes from 
World War I. During this time, the number of trau-
matic nerve divisions was abundant. The observa-
tions from these injuries led to the classification 

system of Seddon [19] and Sunderland [20]. 
These classification schemes are listed in 
Table 20.2.

�Specific Nerve Considerations

�Upper Extremity

�Ulnar Nerve
The ulnar nerve is the most common site of PPNI 
(28%) according to the ASA closed claims report 
[4] (Fig. 20.3). The incidence of ulnar nerve injury 
has been reported to be 0.037% [21]. It is usually 
injured from compression at the elbow or flexion of 
the elbow during prolonged surgical procedures. 
This is reported to effect as many as 1 in 200 adult 
surgical patients [22] and men may be more sus-
ceptible than women [23]. Men have been reported 
to have a larger tubercle and less adipose tissue 
protecting the nerve [21]. There are reports of this 
nerve being damaged in orthopedic surgical pin 
placement [24], elbow arthroscopy [25], transposi-
tion of the nerve for treatment of cubital tunnel syn-
drome [26, 27], or during radial artery grafting for 
coronary artery bypass procedures [28]. The 
authors have also experienced injuries to the ulnar 
nerve due to oxygen saturation monitors and other 
monitoring devices that are near the course of the 
ulnar nerve during surgical procedures.

The ulnar nerve is the longest unprotected 
nerve in the human body. It originates from the 
medial cord of the brachial plexus and travels 
down the humerus to pass behind the medial epi-
condyle in the “cubital tunnel.” This is a com-
mon site for direct compression and stretch 
during surgical procedures. It then enters the 

Table 20.2  Classification of nerve injuries [21]

Seddon [19] Sunderland [20] Description

Neuropraxia Type 1 Conduction block
•	 Local myelin damage with nerve still intact

Axonotmesis Type 2 Axonal injury
•	 Continuity of axons is lost.

Type 3 Type 2 + Endoneurium injury

Type 4 Type 2 + Perineurium injury

Neurotmesis Type 5 Type 4 + Epineurium injury
•	 Complete physiological disruption of entire nerve trunk
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flexor compartment of the forearm and travels 
distal to supply sensation and motor to the fore-
arm and hand.

The syndrome of compression at the elbow 
would result in a sensation loss in the palmar and 
dorsal aspects of fifth digit and the medial portion 
of the fourth digit. The motor loss would include 
the intrinsic hand musculature and portions of the 
flexor forearm musculature (1/2 of flexor digito-
rum profundus and flexor carpi ulnaris). The loss 
of the use of these muscles results in weakness of 
hand flexion (flexor carpi ulnaris), loss of flexion 
of ulnar half of digits (flexor digitorum profun-
dus) and in severe cases may produce a hand that 
looks like a “claw hand” at rest.

A study performed in 1999 evaluated the rela-
tionship between forearm position and direct pres-
sure on the elbow. This study showed that when 
the arm was supinated there was dramatically 
lower pressure over the ulnar nerve (2  mmHg) 
position compared to the neutral (69 mmHg) and 
pronated (95  mmHg) positions [29]. The mean 
area of the cubital tunnel has been shown to con-
siderably decrease when the elbow is in flexion 
compared to extension [30]. Additionally, flexion 

of the elbow has been shown to cause up to an 18% 
elongation of the ulnar nerve [31].

When positioning patients the arm should be 
abducted less than 90°, slightly supinated, and 
generous padding should be applied to avoid 
compression or stretch of the ulnar nerve through-
out its course. Figure 20.4 shows an example in 
the lateral position of generous padding being 
applied to avoid compression or stretch of the 
ulnar nerve throughout its course. Figure  20.5 
shows improper positioning with too much abduc-
tion and arm pronation.

The ASA practice advisory states that the 
forearm should be placed in the neutral position 
to avoid elbow flexion. The author’s opinion is 
that the arm should also be slightly supinated in 
the neutral position and to avoid abduction of the 
arm. The postcondylar (ulnar) groove of the 
humerus should be given special attention to 
avoid compression [18]. A common neurosurgi-
cal position that puts the ulnar nerve at risk is the 
prone “superman” position. In this position, great 
care should be taken to avoid over-flexion of the 
elbow and to provide adequate padding of the 
medial epicondyle area if using armboards.

Abduct less
than 90 degress

Supinate the arm

Use padding

Fig. 20.3  Ulnar nerve
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�Brachial Plexus
The brachial plexus is the second most common 
site of PPNI according to the ASA closed claims 
report [4] (Fig.  20.6). The brachial plexus com-
prises the nerve roots from C5, C6, C7, C8, and 
T1. It lies between the cervical spinal cord and the 
axilla and courses over the first rib and behind the 
clavicle. It supplies somatosensory function to the 
majority of the upper extremity. The brachial 
plexus has a superficial and long course and is sus-
ceptible to injury at its firm points of attachment: 
the axillary fascia and the proximal bony vertebra 
in the neck. During surgical procedures when the 
muscular tone of a patient is diminished there is 

risk for brachial plexus injury by stretch or com-
pression if careful detail is not given to positioning 
techniques. Brachial plexus injuries have been 
described in the prone position (both surgical and 
nonsurgical [32]), during obstetrical surgery [33], 
cardiac surgery [34], urologic surgery [35], and 
general surgery [36]. There are cases in the litera-
ture of patients who had SSEP traced to the bra-
chial plexus during positioning for craniotomy 
procedures. These changes were concluded to be 
due to head extension and rotation [37]. The 
authors have experienced brachial plexus injuries 
due to excessive taping of the shoulders and stretch 
on the head during neurosurgical operations.

Fig. 20.4  Example in the lateral position of generous padding being applied to avoid compression or stretch of the 
ulnar nerve throughout its course

Fig. 20.5  Prone 
position with patient 
who has too much arm 
abduction and pronation 
putting the ulnar nerve 
and brachial plexus at 
risk for injury

20  Differential Diagnosis, Treatment, and Prognosis of Peripheral Nerve Injuries Associated…



256

A review article recently found that when the 
arms are abducted greater than 90 degrees there is 
a frequent association of brachial plexus injury in 
the prone position [38]. The brachial plexus inju-
ries described in this chapter improved with exten-
sive rehabilitation within weeks to months [38]. 
Additionally, extension and external rotation of 
the abducted arm, lateral neck rotation, and shoul-
der braces have been associated with brachial 
plexus injury [39]. The prognosis following brachial 
plexus injury has been good with most deficits 

resolving at 3  months and only a small number 
having permanent neurological deficits [38]. The 
prevention of brachial plexus injury should lie in 
avoiding stretch on the neck, over-rotation of the 
arm, and over-abduction of the arm. Figure 20.7 
shows an example of a patient whose shoulders are 
rotating forward and placing strain on the brachial 
plexus due to improper rigid positioning of the 
arms at the side. Figure 20.8 shows an example of 
external rotation of the arm in the supine position 
placing stretch on the brachial plexus.

Avoid head
rotation away

from abducted
arm

Avoid shoulder
compression

Fig. 20.6  Brachial 
plexus

Fig. 20.7  Patient whose 
shoulders are rotated 
forward placing strain 
on the brachial plexus 
due to improper rigid 
positioning of the arms 
at the side
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Additionally, the use of adjunct neuromonitor-
ing in the prone position has been shown to poten-
tially help in the prevention of brachial plexus 
injuries [40]. The ASA practice advisory states 
that in the supine and prone positions limiting arm 
abduction to less than 90° may decrease the risk of 
brachial plexus neuropathy [18]. This advisory 
also recommends supination of the forearm instead 
of pronation to prevent rotation of the humerus and 
stretch on the brachial plexus [18]. A common 
neurosurgical position that puts the brachial plexus 
at risk is the prone “superman” position. In this 
position, great care should be taken to prevent the 
arm from being abducted greater than 90° to avoid 
stretch on the brachial plexus. Another common 
neurosurgical position is the lateral decubitus posi-
tion. The brachial plexus is compressed between 
the humeral head and thorax in this position [14]. 
Placement of an axillary roll underneath the chest 
has been shown to decrease the pressure over the 
brachial plexus. The surgeon must make sure not 
to place the chest roll in the axilla, which would 
increase the pressure on the brachial plexus and 
potentially place the patient at higher risk for 
injury. The authors have also experienced brachial 
plexus injuries due to overaggressive shoulder tap-
ing during anterior cervical spinal procedures.

�Median Nerve
The median nerve arises from the median and lat-
eral cords of the brachial plexus. It travels through 
the arm alongside the brachial artery and eventually 

passes through the cubital fossa. The nerve exits the 
cubital fossa between the two heads of the pronator 
teres where it provides innervation for the superfi-
cial flexor musculature of the forearm. The median 
nerve then gives off two branches: the anterior 
interosseous nerve and the palmar cutaneous 
branch. The anterior interosseous nerve supplies the 
deep musculature of the forearm. The palmar cuta-
neous branch supplies sensation to the lateral aspect 
of the palm. The median nerve is the only nerve that 
passes through the carpal tunnel into the hand 
where it gives off the recurrent median nerve branch 
and the common palmar digital branch. The recur-
rent median nerve innervates the opponens pollicis, 
flexor pollicis brevis, and abductor pollicis brevis. 
The median nerve then gives its final innervation to 
the first and second digit lumbricals. The clinical 
syndromes associated with injury to the median 
nerve at the level of the arm include loss of sensa-
tion to the radial 3½ digits, loss of the radial half of 
hand flexion, and loss of pronation. Injury in the 
forearm could include “anterior interosseous syn-
drome” which is a pure motor loss of flexion of the 
radial 3½ digits and pronation without an accompa-
nying sensory loss. An injury to the median nerve at 
the wrist could present as the familiar “carpal tun-
nel syndrome.”

There is a paucity of literature on the injury 
of the median nerve during perioperative posi-
tioning [41, 42]. This finding is due to the 
median nerve being anatomically protected 
by  superficial musculature throughout most of 

Fig. 20.8  Example of 
external rotation of the 
arm in the supine 
position placing stretch 
on the brachial plexus
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its  course. However, there are reports of the 
median n. being injured during radial artery can-
nulation for hemodynamic monitoring [43, 44]. 
A task force comprising anesthesiologists found 
a consensus among expert opinion that “exten-
sion of the elbow beyond its normal range of 
comfortable extension in the perioperative 
assessment may increase risk of damage to the 
median nerve” [18].

�Axillary Nerve
The axillary nerve provides motor innervation to 
give the arm abduction from 30 to 90° and sensa-
tion to the lateral arm. Injury to the axillary nerve 
most commonly is seen in shoulder dislocations 
given its proximity to the neck of the humerus. It 
can also be damaged in fractures of the surgical 
neck of the humerus.

There are rare reports of axillary nerve injury 
from perioperative positioning. An article from 
1997 examining 7150 hip replacements identified 
only 1 axillary nerve injury [45]. There is a single 
report from 1988 describing both motor and sen-
sory loss of the axillary nerve following a lumbar 
spine procedure [46]. It is the author’s opinion 
that this rare but known complication can be 
avoided by limiting the degree of abduction and 
extension at the shoulder joint.

�Radial Nerve
The radial nerve is damaged infrequently during 
surgical positioning [47]. The incidence of 
radial nerve injury following general anesthesia 
has been reported to be 3% [3]. There have been 
reports of radial nerve injury in general surgery 
using a Kent retractor, during coronary artery 
bypass surgery due to a retractor [48–50], a ver-
tical bar used as an anesthesia screen [51], and 
even a blood pressure cuff [52]. The authors 
have experienced two cases of radial nerve 
injury related to malpositioning of fluoroscopic 
machinery. These injuries occurred when the 
C-arm was moved towards the head of the 
patient causing direct compression along the 
course of the radial nerve. Both of these injuries 
improved within 3  months following injury; 
however, one patient sustained permanent neu-
rological deficit.

The radial nerve arises from the posterior cord 
of the brachial plexus and travels through the arm 
and enters the spiral groove of the humerus after 
innervating the triceps brachii. This is an area 
that could be compromised in a decubitus posi-
tion with improper armboard positioning causing 
compression of the nerve [52, 53]. This could 
also occur as a stretch injury when the arm is 
abducted beyond 90° [14]. The ASA has issued a 
practice advisory stating that prolonged pressure 
on the radial nerve in the spiral groove of the 
humerus should be avoided [18].

The syndrome caused by this type of injury 
would result in loss of forearm extension, wrist 
drop, and weakness in supination. A sensory def-
icit in the lateral arm, posterior forearm, radial 
half of dorsum of hand and dorsal parts of digits 
3½ excluding the finger tips which are supplied 
by the median n. If the nerve injury were located 
at the mid portion of the humerus, then extension 
of the forearm (triceps brachii m.) would be pre-
served. If the nerve injury were below the elbow, 
supination would be preserved (supinator m.). If 
the injury is in the distal forearm, there may be 
only a sensory deficit present.

�Long Thoracic Nerve
Interestingly, the first description of injury to the 
long thoracic nerve in 1926 was thought to be due 
to intraoperative malpositioning [54]. There have 
been several instances in the literature of damage 
to this nerve when there is increased stretch 
between the neck and the upper extremity [55, 
56]. This injury has also been reported in retro-
mastoid craniectomy procedures in the park bench 
position on the dependent side [57]. There have 
been several small case series showing benefit for 
early decompression of the long thoracic nerve in 
nontraumatic injuries resulting in the common 
“winged scapula” [58, 59]. The author’s opinion 
is that to prevent stretch upon the long thoracic 
nerve one must avoid increased stretch and ten-
sion between the upper extremity and the neck.

�Musculocutaneous Nerve
The musculocutaneous nerve arises from the 
lateral cord of the brachial plexus and pierces the 
coracobrachialis muscle to travel between and 
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innervate the biceps brachii m. and the brachialis 
m. After supplying motor innervation to the ante-
rior compartment of the arm, it continues past the 
elbow in its “cutaneous” portion as the lateral 
antebrachial cutaneous nerve.

The musculocutaneous nerve is rarely injured 
during surgical malposition due to its anatomical 
protection throughout its course. The clinical 
syndrome caused by injury to the musculocuta-
neous nerve is weakness in supination and fore-
arm flexion with a sensory deficit present in the 
lateral forearm. In general, injury to this nerve 
appears to be related to arm extension, abduction, 
and internal rotation [60–62].

�Lower Extremity

�Common Peroneal Nerve
The common peroneal nerve (fibular nerve) arises 
from the sciatic nerve and is composed of seg-
ments L4-S2 of the lumbosacral plexus. It crosses 
the lateral portion of the popliteal fossa and runs 
superficially near the biceps femoris m. along the 
fibular bone where it becomes palpable to touch 
and is prone to injury. The nerve branches into a 
superficial fibular nerve and a deep fibular nerve. 
The superficial branch innervates the fibularis 
longus and brevis mm. that are involved with foot 
eversion and plantar flexion. The deep branch 
innervates the tibialis anterior and the extensor 
musculature of the foot that are responsible for 
foot dorsiflexion and extension. The common 
peroneal nerve supplies sensation to the dorsum 
of the foot and lateral aspects of the leg and ankle.

The clinical syndromes involved with injury 
to this nerve involve what is commonly referred 
to as “foot drop” which is weakness in dorsiflex-
ion, eversion combined with a variable amount of 
sensation loss along the dorsum of the foot, lateral 
leg, and ankle.

Injury to the common peroneal nerve during 
surgery positioning has been attributed to com-
pressive straps around the knee [42] and when 
using the lithotomy position [63, 64]. A case 
series of 198,461 consecutive surgeries in the 
lithotomy position at the Mayo Clinic found there 
were 43 injuries to the peroneal nerve even when 

using adequate padding [65]. They found a thin 
body habitus, history of smoking, and time spent 
in the lithotomy position as predictors of nerve 
injury. There have been reports in the neurosurgi-
cal literature describing peroneal nerve injury fol-
lowing craniotomy in the sitting position [66, 67] 
as well as in the lateral suboccipital approach [68] 
due to overly flexed hips causing nerve stretch.

A report of a severe common peroneal nerve 
injury in the right lateral decubitus position in a 
23-year-old female from 1952 undergoing a 
nephrectomy illustrates how injury prone the 
peroneal nerve is in the region of the fibular head 
where it becomes superficial and often palpable 
to touch [69].

The author’s opinion is to limit excessive hip 
flexion and knee extension to prevent “stretch” 
injuries of the peroneal nerve. Additionally, to pre-
vent “compression” of the nerve adequate padding 
especially around the area of the fibular head 
should be performed. Compressive straps and 
braces in this region should be avoided. While ade-
quate padding is recommended, excessive padding 
is not recommended. We have experienced inci-
dents causing nerve injury at our institution due to 
excessive padding causing compression.

�Sciatic Nerve
The sciatic nerve is formed from the L4-S3 roots 
of the lumbosacral plexus. The nerve passes 
through the greater sciatic foramen in the poste-
rior thigh to the popliteal fossa. At the level of the 
popliteal fossa, the nerve divides into common 
peroneal and tibial branches. Injury to this nerve 
would cause loss of motor function to all muscles 
supplied by the Tibial and Common Peroneal nn. 
and sensation loss to nearly the entire lower 
extremity. Injury to the sciatic nerve is a rare iat-
rogenic peripheral nerve injury [65].

Hip flexion and knee extension have generally 
been thought to cause more stretch of the sciatic 
nerve and predisposition it to injury [70]. The 
ASA practice advisory states that stretching of 
the hamstring group of muscles and increased hip 
flexion may increase the risk of sciatic neuropa-
thy [18]. There have also been reports of sciatic 
nerve compression against the ischial tuberosity 
in the lateral decubitus positions [71].
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�Femoral Nerve
The femoral nerve is formed from the L2–L4 
roots of the lumbosacral plexus. It runs under-
neath the inguinal ligament to supply the upper 
thigh and leg. The femoral nerve provides inner-
vation to the musculature that extends the knee 
(quadriceps) and sensation to the upper thigh and 
inner leg. PPNI of the femoral nerve is rare. 
There have been reports from the general surgery 
literature of retraction injury when performing 
intra-abdominal surgery [72]. A case series of 
surgically repaired iatrogenic nerve injuries from 
1990 to 2012 was composed of 5% of femoral 
nerve injuries [73]. It has also been reported that 
60% of femoral nerve injuries are iatrogenic in 
nature [74–76]. However, the majority of these 
iatrogenic injuries are due to complications from 
various operative procedures in the vicinity of the 
nerve and not due to positioning [76]. There are 
rare reports of femoral nerve injury when patients 
have their legs abducted and externally rotated in 
the lithotomy positions. This position is thought 
to produce ischemia to the nerve as it passes 
underneath the inguinal ligament [77, 78]. The 
authors recommend limiting abduction and exter-
nal rotation of the lower extremity to reduce the 
risk of femoral nerve injury.

�Obturator, Saphenous, and Pudendal 
Nerves
Injuries to the obturator, saphenous, and puden-
dal nerves have been rarely reported. All of the 
reports available specify direct compression as 
the result of these injuries. Specifically, the obtu-
rator nerve is at risk when compressed against the 
pubic rami during lithotomy procedures [69], the 
saphenous nerve when compressed against the 
tibial tuberosity medially, and the pudendal nerve 
when compression is placed on the ischial tuber-
osities. In order to avoid injury to these nerves, 
their anatomical courses must be understood and 
areas where they are susceptible to compression 
as listed above should be appropriately padded.

�Uncommon Nerve Injuries
There are nerves which are rarely injured during 
positioning but which do deserve mention. The 
supraorbital nerve has been reported to be injured 

by a tracheal tube or tight head harness [79]. The 
facial nerve has been injured by compression 
against the mandible by the anesthetist when 
holding the jaw forward for airway control [80]. 
The hypoglossal and lingual nerve has been 
reportedly injured with overinflated endotracheal 
tube cuffs, hyperextension of the head and neck, 
or from direct laryngoscopy alone [81, 82].

�Diagnosis of PPNI

The diagnosis of iatrogenic peripheral nerve injury 
is usually straightforward if a patient develops a 
neurological deficit following a procedure in a 
known anatomical pattern that was not present 
preoperatively. If an injury is detected, an exami-
nation by a neurologist or neurosurgeon experi-
enced in traumatic nerve injuries should be sought. 
Adjunctive neurophysiologic studies or MRI can 
be performed to further identify the severity and 
location of injury. After injury has been identified, 
one must determine if the nerve has been com-
pressed, transected, or stretched in order to deter-
mine the best management of the injury.

�Management of PPNI

Iatrogenic nerve injuries often present late, which 
complicates reconstruction. The reasons for late 
presentation can be a failure to recognize nerve 
injury, recognizing the nerve injury but waiting too 
long for spontaneous improvement, or surgeons 
failing to acknowledge nerve injuries [73].

If a nerve has been sharply transected, repair 
within several hours to 1 week will give the greatest 
potential for recovery [83]. However, in the case of 
contused or stretched nerves later intervention has 
been performed up to 4  months [84]. Patients 
who do not have a complete transection should 
undergo serial neurological and electrophysio-
logical examinations. Those who do not show 
improvement after 3–4  months should undergo 
an exploration to perform neurolysis and possible 
nerve reconstruction. As the time from injury 
increases, the potential for recovery following 
reconstruction diminishes dramatically.
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The method of reconstruction depends on 
the pathology of nerve damage. In patients in 
which a neuroma causes nerve discontinuity, 
the neuroma should be excised and the two 
ends of the nerve grafted together [85]. Those 
nerves in which a neuroma is present but elec-
trostimulation shows that there is continued 
potential should undergo neurolysis. Those 
patients who show spontaneous improvement 
in both clinical and electrophysiological exam-
inations should continue to be followed over 
time. However, when surgery is performed it 
should be done under standardized conditions 
with appropriate surgical instruments and neu-
romonitoring availability [85].

In conclusion, delay in reconstructive surgery 
is associated with poor outcomes [83, 86]. A 
multidisciplinary team performing frequent and 
thorough examinations to guide the timing and 
extent of reconstructive surgery is paramount in 
best management of iatrogenic nerve injuries 
[85]. The management for iatrogenic nerve inju-
ries at our institution is shown in Fig. 20.9.

References

	 1.	Budinger K.  Ueber Lahmungen nach 
Chloroformnarkosen. Arch Klin Chir. 1894;47:121

	 2.	Kretschmer T, Heinen CW, Antoniadis G, Richter HP, 
Konig RW. Iatrogenic nerve injuries. Neurosurg Clin 
N Am. 2009;20(1):73–90. vii

	 3.	Kroll DA, Caplan RA, Posner K, Ward RJ, Cheney 
FW.  Nerve injury associated with anesthesia. 
Anesthesiology. 1990;73(2):202–7.

	 4.	Cheney FW, Domino KB, Caplan RA, Posner 
KL. Nerve injury associated with anesthesia: a closed 
claims analysis. Anesthesiology. 1999;90(4):1062–9.

	 5.	Welch MB, Brummett CM, Welch TD, Tremper KK, 
Shanks AM, Guglani P, et  al. Perioperative periph-
eral nerve injuries: a retrospective study of 380,680 
cases during a 10-year period at a single institution. 
Anesthesiology. 2009;111(3):490–7.

	 6.	Kamel I, Barnette R.  Positioning patients for spine 
surgery: avoiding uncommon position-related com-
plications. World J Orthop. 2014;5(4):425–43.

	 7.	Swenson JD, Hutchinson DT, Bromberg M, Pace 
NL.  Rapid onset of ulnar nerve dysfunction dur-
ing transient occlusion of the brachial artery. Anesth 
Analg. 1998;87(3):677–80.

	 8.	Swenson JD, Bull DA. Postoperative ulnar neuropa-
thy associated with prolonged ischemia in the upper 
extremity during coronary artery bypass surgery. 
Anesth Analg. 1997;85(6):1275–7.

Continued Follow
up and Exploration
at 3-4 months if no
improvement

Neurophysiological
Studies show no
nerve damage

Neurophysiological
Studies show nerve
damage

Early Repair in 3-
4 weeks to allow
for Neuroma
formation

Immediate End-
to-End Repair

Sharp
Transection

Nerve
Transection

Irregular Blunt
Transection

Continued
observation

No Clinical
Improvement

Clinical
Improvement

Follow up with EMG and
NCV Studies in 6-8 weeks

Compression or Stretch
Injury

Fig. 20.9  Iatrogenic nerve injury management decision flowchart diagram

20  Differential Diagnosis, Treatment, and Prognosis of Peripheral Nerve Injuries Associated…



262

	 9.	Yamada T, Muroga T, Kimura J. Tourniquet-induced 
ischemia and somatosensory evoked potentials. 
Neurology. 1981;31(12):1524–9.

	10.	Kozu H, Tamura E, Parry GJ. Endoneurial blood sup-
ply to peripheral nerves is not uniform. J Neurol Sci. 
1992;111(2):204–8.

	11.	Myers RR, Yamamoto T, Yaksh TL, Powell HC. The 
role of focal nerve ischemia and Wallerian degenera-
tion in peripheral nerve injury producing hyperesthe-
sia. Anesthesiology. 1993;78(2):308–16.

	12.	Bonner SM, Pridie AK.  Sciatic nerve palsy follow-
ing uneventful sciatic nerve block. Anaesthesia. 
1997;52(12):1205–7.

	13.	Winfree CJ, Kline DG.  Intraoperative positioning 
nerve injuries. Surg Neurol. 2005;63(1):5–18. discus-
sion 18

	14.	Sawyer RJ, Richmond MN, Hickey JD, Jarrratt 
JA.  Peripheral nerve injuries associated with anaes-
thesia. Anaesthesia. 2000;55(10):980–91.

	15.	Quilliam TA.  Growth changes in sensory nerve 
fibre aggregates undergoing remyelination. J  Anat. 
1958;92(3):383–98.

	16.	Trojaborg W.  Early electrophysiologic changes in 
conduction block. Muscle Nerve. 1978;1(5):400–3.

	17.	Stoelting RK.  Postoperative ulnar nerve palsy—
is it a preventable complication? Anesth Analg. 
1993;76(1):7–9.

	18.	American Society of Anesthesiologists Task Force on 
Prevention of Perioperative Peripheral Neuropathies. 
Practice advisory for the prevention of periop-
erative peripheral neuropathies: a report by the 
American Society of Anesthesiologists Task Force on 
Prevention of Perioperative Peripheral Neuropathies. 
Anesthesiology. 2000;92(4):1168–82.

	19.	Seddon HJ.  Three types of nerve injury. Brain 
J Neurol. 1943;66:237–88.

	20.	Sunderland S.  A classification of peripheral nerve 
injuries producing loss of function. Brain J  Neurol. 
1951;74(4):491–516.

	21.	Lalkhen AG. Perioperative nerve injuries. Revalidation 
Anaesthetists. 2011;12(1):38–41.

	22.	Warner MA, Warner DO, Matsumoto JY, Harper CM, 
Schroeder DR, Maxson PM. Ulnar neuropathy in sur-
gical patients. Anesthesiology. 1999;90(1):54–9.

	23.	Morell RC, Prielipp RC, Harwood TN, James RL, 
Butterworth JF. Men are more susceptible than women 
to direct pressure on unmyelinated ulnar nerve fibers. 
Anesth Analg. 2003;97(4):1183–8, table of contents.

	24.	Wind WM, Schwend RM, Armstrong DG. Predicting 
ulnar nerve location in pinning of supracondylar 
humerus fractures. J Pediatr Orthop. 2002;22(4):444–7.

	25.	Rispoli DM, Athwal GS, Morrey BF.  Neurolysis of 
the ulnar nerve for neuropathy following total elbow 
replacement. J Bone Joint Surg. 2008;90(10):1348–51.

	26.	Polatsch DB, Bong MR, Rokito AS. Severe ulnar neu-
ropathy after subcutaneous transposition in a colle-
giate tennis player. Am J Orthop. 2002;31(11):643–6.

	27.	Kleinman WB.  Cubital tunnel syndrome: anterior 
transposition as a logical approach to complete nerve 
decompression. J Hand Surg. 1999;24(5):886–97.

	28.	 Ikizler M, Ozkan S, Dernek S, Ozdemir C, Erdinc 
OO, Sevin B, et al. Does radial artery harvesting for 
coronary revascularization cause neurological injury 
in the forearm and hand? Eur J  Cardiothorac Surg. 
2005;28(3):420–4.

	29.	Prielipp RC, Morell RC, Walker FO, Santos 
CC, Bennett J, Butterworth J.  Ulnar nerve pres-
sure: influence of arm position and relationship to 
somatosensory evoked potentials. Anesthesiology. 
1999;91(2):345–54.

	30.	Gelberman RH, Yamaguchi K, Hollstien SB, Winn 
SS, Heidenreich FP Jr, Bindra RR, et al. Changes in 
interstitial pressure and cross-sectional area of the 
cubital tunnel and of the ulnar nerve with flexion of 
the elbow. An experimental study in human cadavera. 
J Bone Joint Surg Am. 1998;80(4):492–501.

	31.	Schuind FA, Goldschmidt D, Bastin C, Burny 
FA.  Biomechanical study of the ulnar nerve at the 
elbow. J Hand Surg Br. 1995;20(5):623–7.

	32.	Goettler CE, Pryor JP, Reilly PM. Brachial plexopathy 
after prone positioning. Crit Care. 2002;6(6):540–2.

	33.	Raffan AW.  Post-operative paralysis of the brachial 
plexus. Br Med J. 1950;2(4671):149.

	34.	Po BT, Hansen HR. Iatrogenic brachial plexus injury: 
a survey of the literature and of pertinent cases. 
Anesth Analg. 1969;48(6):915–22.

	35.	Cooper DE, Jenkins RS, Bready L, Rockwood CA Jr. 
The prevention of injuries of the brachial plexus sec-
ondary to malposition of the patient during surgery. 
Clin Orthop Relat Res. 1988;228:33–41.

	36.	Brunette KE, Hutchinson DO, Ismail H.  Bilateral 
brachial plexopathy following laparoscopic bariatric 
surgery. Anaesth Intensive Care. 2005;33(6):812–5.

	37.	Anastasian ZH, Ramnath B, Komotar RJ, Bruce 
JN, Sisti MB, Gallo EJ, et  al. Evoked potential 
monitoring identifies possible neurological injury 
during positioning for craniotomy. Anesth Analg. 
2009;109(3):817–21.

	38.	Uribe JS, Kolla J, Omar H, Dakwar E, Abel N, Mangar 
D, et al. Brachial plexus injury following spinal sur-
gery. J Neurosurg Spine. 2010;13(4):552–8.

	39.	Edgcombe H, Carter K, Yarrow S. Anaesthesia in the 
prone position. Br J Anaesth. 2008;100(2):165–83.

	40.	Schwartz DM, Drummond DS, Hahn M, Ecker ML, 
Dormans JP. Prevention of positional brachial plexop-
athy during surgical correction of scoliosis. J Spinal 
Disord. 2000;13(2):178–82.

	41.	Butterworth J, Donofrio PD, Hansen LB. Transient 
median nerve palsy after general anesthesia: 
does res ipsa loquitur apply? Anesth Analg. 
1994;78(1):163–4.

	42.	Slocum HC, O’Neal KC, Allen CR.  Neurovascular 
complications from malposition on the operating 
table. Surg Gynecol Obstet. 1948;86(6):729–34.

	43.	Cousins TR, O’Donnell JM. Arterial cannulation: a 
critical review. AANA J. 2004;72(4):267–71.

	44.	Chowet AL, Lopez JR, Brock-Utne JG, Jaffe 
RA. Wrist hyperextension leads to median nerve con-
duction block: implications for intra-arterial catheter 
placement. Anesthesiology. 2004;100(2):287–91.

N.R. Khan and M.S. Muhlbauer



263

	45.	Posta AG Jr, Allen AA, Nercessian OA. Neurologic 
injury in the upper extremity after total hip arthro-
plasty. Clin Orthop Relat Res. 1997;345:181–6.

	46.	Gwinnutt CL. Injury to the axillary nerve. Anaesthesia. 
1988;43(3):205–6.

	47.	Lee HC, Kim HD, Park WK, Rhee HD, Kim 
KJ.  Radial nerve paralysis due to Kent retrac-
tor during upper abdominal operation. Yonsei Med 
J. 2003;44(6):1106–9.

	48.	Briffa NP, Price C, Grotte GJ, Keenan DJ. Radial nerve 
injury in patients undergoing coronary artery bypass 
grafting. Ann Thorac Surg. 1992;53(6):1149–50.

	49.	Fernandez de Caleya D, Duarte J, Lozano A, Torrente 
N. Radial nerve injury caused by external compres-
sion during the dissection of the internal mammary 
artery in coronary surgery. Rev Esp Anestesiol 
Reanim. 1992;39(6):371–3.

	50.	Guzman F, Naik S, Weldon OG, Hilton CJ. Transient 
radial nerve injury related to the use of a self retain-
ing retractor for internal mammary artery dissection. 
J Cardiovasc Surg. 1989;30(6):1015–6.

	51.	Britt BA, Gordon RA. Peripheral nerve injuries asso-
ciated with anaesthesia. Can Anaesth Soc J.  1964; 
11:514–36.

	52.	Lin CC, Jawan B, de Villa MV, Chen FC, Liu 
PP.  Blood pressure cuff compression injury of the 
radial nerve. J Clin Anesth. 2001;13(4):306–8.

	53.	Tuncali BE, Tuncali B, Kuvaki B, Cinar O, Dogan 
A, Elar Z.  Radial nerve injury after general anaes-
thesia in the lateral decubitus position. Anaesthesia. 
2005;60(6):602–4.

	54.	Thorek M. Compression paralysis of the long thoracic 
nerve following an abdominal opration: report of a 
case. Am J Surg. 1926;40(26):7.

	55.	Hubbert CH. Winged scapula associated with epidural 
anesthesia. Anesth Analg. 1988;67(4):418–9.

	56.	Lorhan PH. Isolated paralysis of the serratus magnus 
following surgical procedures; report of a case. Arch 
Surg. 1947;54(6):656–9.

	57.	Paluzzi A, Woon K, Bodkin P, Robertson IJ. Scapula 
alata’ as a consequence of park bench position for a 
retro-mastoid craniectomy. Br J  Neurosurg. 2007; 
21(5):522–4.

	58.	Silva JB, Gerhardt S, Pacheco I. Syndrome of fascial 
incarceration of the long thoracic nerve: winged scap-
ula. Rev Bras Ortop. 2015;50(5):573–7.

	59.	Nath RK, Melcher SE.  Rapid recovery of serratus 
anterior muscle function after microneurolysis of long 
thoracic nerve injury. J Brachial Plex Peripher Nerve 
Inj. 2007;2:4.

	60.	Ewing MR.  Postoperative paralysis in the upper 
extremity; report of five cases. Lancet. 1950;1(6595): 
99–103.

	61.	Dundore DE, DeLisa JA.  Musculocutaneous nerve 
palsy: an isolated complication of surgery. Arch Phys 
Med Rehabil. 1979;60(3):130–3.

	62.	Abbott KM, Nesathurai S.  Musculocutaneous nerve 
palsy following traumatic spinal cord injury. Spinal 
Cord. 1998;36(8):588–90.

	63.	Herrera-Ornelas L, Tolls RM, Petrelli NJ, Piver S, 
Mittelman A. Common peroneal nerve palsy associ-
ated with pelvic surgery for cancer. An analysis of 11 
cases. Dis Colon Rectum. 1986;29(6):392–7.

	64.	Hsu KL, Chang CW, Lin CJ, Chang CH, Su WR, Chen 
SM. The dangers of hemilithotomy positioning on trac-
tion tables: case report of a well-leg drop foot after con-
tralateral femoral nailing. Patient Saf Surg. 2015;9:18.

	65.	Warner MA, Martin JT, Schroeder DR, Offord KP, 
Chute CG. Lower-extremity motor neuropathy asso-
ciated with surgery performed on patients in a lithot-
omy position. Anesthesiology. 1994;81(1):6–12.

	66.	Keykhah MM, Rosenberg H. Bilateral footdrop after 
craniotomy in the sitting position. Anesthesiology. 
1979;51(2):163–4.

	67.	Standefer M, Bay JW, Trusso R. The sitting position 
in neurosurgery: a retrospective analysis of 488 cases. 
Neurosurgery. 1984;14(6):649–58.

	68.	Furuno Y, Sasajima H, Goto Y, Taniyama I, Aita K, 
Owada K, et  al. Strategies to prevent positioning-
related complications associated with the lateral 
suboccipital approach. J  Neurol Surg B Skull Base. 
2014;75(1):35–40.

	69.	Garland H, Moorhouse D. Compressive lesions of the 
external popliteal (common peroneal) nerve. Br Med 
J. 1952;2(4799):1373–8.

	70.	Burkhart FL, Daly JW.  Sciatic and peroneal nerve 
injury: a complication of vaginal operations. Obstet 
Gynecol. 1966;28(1):99–102.

	71.	Lincoln JR, Sawyer HP Jr. Complications related 
to body positions during surgical procedures. 
Anesthesiology. 1961;22:800–9.

	72.	Dillavou ED, Anderson LR, Bernert RA, Mularski RA, 
Hunter GC, Fiser SM, et  al. Lower extremity iatro-
genic nerve injury due to compression during intraab-
dominal surgery. Am J Surg. 1997;173(6):504–8.

	73.	Antoniadis G, Kretschmer T, Pedro MT, Konig RW, 
Heinen CP, Richter HP.  Iatrogenic nerve injuries: 
prevalence, diagnosis and treatment. Dtsch Arztebl 
Int. 2014;111(16):273–9.

	74.	Kim K, Kim MJ, Ahn S, Bae SY, Kim WS, Yoon 
J.  Frontal Sinus lymphoma presenting as progres-
sive multiple cranial nerve palsy. Yonsei Med 
J. 2011;52(6):1044–7.

	75.	Kim DH, Murovic JA, Tiel RL, Kline DG. Intrapelvic 
and thigh-level femoral nerve lesions: manage-
ment and outcomes in 119 surgically treated cases. 
J Neurosurg. 2004;100(6):989–96.

	76.	Kim DH, Kline DG.  Surgical outcome for intra- 
and extrapelvic femoral nerve lesions. J  Neurosurg. 
1995;83(5):783–90.

	77.	Tondare AS, Nadkarni AV, Sathe CH, Dave 
VB. Femoral neuropathy: a complication of lithotomy 
position under spinal anaesthesia. Report of three 
cases. Can Anaesth Soc J. 1983;30(1):84–6.

	78.	Hopper CL, Baker JB.  Bilateral femoral neuropa-
thy complicating vaginal hysterectomy. Analysis of 
contributing factors in 3 patients. Obstet Gynecol. 
1968;32(4):543–7.

20  Differential Diagnosis, Treatment, and Prognosis of Peripheral Nerve Injuries Associated…



264

	79.	Barron DW.  Supraorbital neuropraxia. Anasthesia. 
1955;10:374.

	80.	Fuller JE, Thomas DV. Facial nerve paralysis after gen-
eral anesthesia. J Am Med Assoc. 1956;162(7):645.

	81.	Sommer M, Schuldt M, Runge U, Gielen-Wijffels 
S, Marcus MA.  Bilateral hypoglossal nerve injury 
following the use of the laryngeal mask without 
the use of nitrous oxide. Acta Anaesthesiol Scand. 
2004;48(3):377–8.

	82.	Haslam B, Collins S.  Unilateral hypoglossal neura-
praxia following endotracheal intubation for total 
shoulder arthroplasty. AANA J. 2013;81(3):233–6.

	83.	Sunderland S. Nerve injuries and their repair. 2nd ed. 
Edinburgh: Churchill Livingstone; 1991.

	84.	Kline DG, Hudson AR, Zager E. Selection and pre-
operative work-up for peripheral nerve surgery. Clin 
Neurosurg. 1992;39:8–35.

	85.	Komurcu F, Zwolak P, Benditte-Klepetko H, Deutinger 
M.  Management strategies for peripheral iatrogenic 
nerve lesions. Ann Plast Surg. 2005;54(2):135–9. dis-
cussion 140-132.

	86.	Osgaard O, Eskesen V, Rosenorn J.  Microsurgical 
repair of iatrogenic accessory nerve lesions in the 
posterior triangle of the neck. Acta Chir Scand. 
1987;153(3):171–3.

	87.	Axogenic. About the nervous system. http://www.
axogeninc.com/for-patients/about-the-nervous-system. 
Accessed 29 Jan 2017.

N.R. Khan and M.S. Muhlbauer

http://www.axogeninc.com/for-patients/about-the-nervous-system
http://www.axogeninc.com/for-patients/about-the-nervous-system


265© Springer International Publishing AG 2018 
A. Arthur et al. (eds.), Perioperative Considerations and Positioning for Neurosurgical Procedures, 
https://doi.org/10.1007/978-3-319-72679-3_21

Legal Issues in Patient Positioning

Emily Hamm Huseth

E. H. Huseth, J.D. (*) 
Harris Shelton Hanover Walsh, PLLC,  
Memphis, TN, USA
e-mail: ehuseth@harrisshelton.com

21

�Background

Medical malpractice lawsuits have been a feature 
in American courts for nearly as long as the United 
States has existed. Cases have been filed with 
increasing regularity since 1794, the date of the 
first recorded medical malpractice suit, but it was 
not until the 1970s that this litigation began to be 
perceived as a “crisis.”1 Many states have enacted 
tort reform measures in an effort to combat rising 
medical malpractice insurance premiums and to 
maintain physician populations. Yet medical mal-
practice lawsuits still pervade court dockets.

According to a 2011 study that examined mal-
practice data from 1991 through 2005 for all phy-
sicians covered by a large, national professional 
liability insurer, 7.4% of physicians annually had a 
claim, with 1.6% making an indemnity payment.2 
The mean indemnity payment was $274,887, and 
the median was $111,749.3 Breaking down this 
data by specialty revealed substantial variations 
in risk measures. Neurosurgeons, at 19.1%, had 

1 Flemma R. Medical malpractice: a dilemma in the search 
for justice. Marq L Rev. 1985;Winter; 68(2):240–42.
2 Jena A, Seabury S, Lakdawalla D, Chandra A. Malpractice 
risk according to physician specialty. N Engl J Med. 
2011;365(7):632.
3 Ibid., 633.

the highest risk of facing a claim annually, while 
anesthesiologists were slightly below the claim-
risk percentage for physicians across all special-
ties.4 Claim risk by specialty did not correlate 
well with the likelihood of indemnity payment; 
gynecologists had the highest payment rate while 
being only the 12th highest among specialties for 
claim risk.5 Nor did claim risk correlate with the 
highest average indemnity payments. Though 
neurosurgeons were the most likely to face a 
claim, the highest average payment associated 
with that specialty ($344,811) was lower than 
that for pathologists ($383,509) and pediatri-
cians ($520,924), two specialties with low claim 
risk.6 The study also considered “outlier awards” 
or those in excess of $1 million. These awards 
accounted for less than 1% of all payments, and 
of the 35 total outlier awards included in the data, 
anesthesiology accounted for seven.7

To gain a better understanding of the liability 
and indemnity payment risk associated with 
positioning in neurosurgical procedures, I 
reviewed data obtained from the ASA Closed 

4 Ibid., 632.
5 Ibid., 632–33.
6 Ibid.
7 Ibid., 633.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-72679-3_21&domain=pdf
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Claims Project (CCP).8 the CCP recorded 232 
neurosurgical claims involving spinal surgery 
(210) and craniotomies (22) between 2000 and 
2016. The CCP categorized these claims into the 
following outcomes: positioning-related nerve 
injury (n = 14, 6%); other nerve injury, no evi-
dence of malpositioning (n  =  39, 17%); other 
positioning-related injuries, no nerve injury 
(n  =  22, 9%); postoperative visual loss—isch-
emic optic neuropathy (n  =  28, 12%); and all 
other neurosurgical claims (n = 129, 56%).

Of the 53 positioning-related and “other” nerve 
injuries, 47% affected the spinal cord, 21% 
affected the brachial plexus, and 15% affected the 
ulnar nerve. These 53 injuries included two 
deaths, 29 permanent disabling injuries, and 22 
temporary or non-disabling injuries. Of the 22 
positioning-related injuries where no nerve injury 
was reported, 10 were skin reactions or pressure 
sores; seven were eye injuries, including five reti-
nal or vein occlusions, one corneal abrasion, and 
one claim for ptosis. Liability for each outcome 
group is summarized in Table 21.1.

Patient positioning thus cannot be overlooked 
as an area of potential exposure for neurosur-
geons, anesthesiologists, and others. The purpose 
of this chapter is to provide an overview of the 
law governing medical malpractice and informed 
consent and to discuss the claims and arguments 
that have been raised in lawsuits where proper 
positioning was an issue. However, cases finding 
no liability on the part of a defendant should not 
be viewed as a guarantee that the same result will 
be reached in another court, particularly a court 
in another state, even under a similar set of facts. 
Each individual state controls its own tort law, 
including its own medical practice laws and stat-
utes, and different states impose different require-
ments on litigants.

Moreover, every case ultimately turns on its own 
facts. Many of the cases discussed in this chapter 
may examine only limited aspects of proof 
because of where the case was procedurally. 
For example, when a defendant files a motion to 

8 The text of this chapter was submitted for prepublication 
review and approved by the ASA Closed Claims Project 
Committee.

dismiss for failure to state a claim (often in the 
early stages of the case), the court reviewing the 
motion can consider only what is contained in 
the pleadings and must presume all of the alle-
gations in the complaint to be true. In other 
words, the court examines only the legal suffi-
ciency of the complaint, not the strength of the 
plaintiff’s proof or evidence.9 After engaging in 
discovery, the defendant may file a motion for 
summary judgment, which may be granted if “the 
pleadings, depositions, answers to interrogato-
ries, and admissions on file, together with the 
affidavits, if any, show that there is no genuine 
issue as to any material fact and that the moving 
party is entitled to a judgment as a matter of 
law.”10 Though a court does consider proof relat-
ing to the merits of a claim in evaluating sum-
mary judgment motions, it must view the 
evidence in the light most favorable to the plain-
tiff.11 In contrast to both a motion to dismiss and 
a motion for summary judgment, jury verdicts 
are made after both sides have presented their 
proof at trial and the jury has had the opportunity 
to consider and weigh all of the evidence and to 
evaluate the credibility of witnesses.

�Medical Malpractice

Medical malpractice (or “health care liability” or 
“medical negligence,” depending on the state) is 
a category of negligence. As a general matter, to 
make a prima facie case of medical malpractice, 
a plaintiff must establish the basic elements of 
negligence: (1) the defendant owed a duty of care 
to the plaintiff (e.g., the existence of a physician–
patient relationship); (2) the defendant breached 
that duty; (3) the plaintiff suffered an injury; and 
(4) the defendant’s breach of his duty was the 
actual and proximate cause of the plaintiff’s 
injury. The plaintiff typically has the burden of 

9 E.g., Webb v. Nashville Area Habitat for Humanity, Inc., 
346 S.W.3d 422, 426 (Tenn. 2011).
10 E.g., Tenn. R. Civ. P. 56.04 (2016).
11 E.g., Amos v. Metro. Gov’t of Nashville & Davidson 
County, 259 S.W.3d 705, 710 (Tenn. 2008).
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proving all of these elements by a preponderance 
of the evidence.

�Standard of Care

The defendant’s duty of care to the plaintiff is 
measured by the “standard of care.” In medical 
malpractice actions, the standard of care is not 
perfection or even best practice.12 Instead, it 
looks to whether a defendant’s conduct was “rea-
sonable.” But how “reasonableness” is measured 
varies from state to state.

Tort law in many jurisdictions has, to some 
degree, mirrored the standardization of training, 
licensing, and certification requirements for phy-
sicians and other medical personnel. A majority 
of states, including Alabama, California, Florida, 
Georgia, Mississippi, Missouri, Ohio, Texas, and 
Wisconsin, apply a national standard of care.13 
One court has described this standard as 
follows:

Each physician may with reason and fairness be 
expected to possess or have reasonable access to 
such medical knowledge as is commonly pos-
sessed or reasonably available to minimally com-
petent physicians in the same specialty or general 
field of practice throughout the United States, to 
have a realistic understanding of the limitations on 
his or her knowledge or competence, and, in gen-
eral, to exercise minimally adequate medical 
judgment.14

In contrast, a minority of states apply some 
version of the “locality rule,” which looks to the 
standard of care for the same or similar commu-
nity in which a defendant practices. Arizona, 
Virginia, and Washington apply a statewide 
standard of care; Arkansas, Illinois, Kansas, 
Maryland, Michigan, Minnesota, Nebraska, 
North Carolina, North Dakota, Oregon, and 
Tennessee apply a same or similar community 
standard; and Colorado, Louisiana, Montana, 

12 E.g., Bozarth v. State LSU Med. Ctr./Chabert Med. Ctr., 
35 So. 3d 316, 324 (La. Ct. App. 2010); Siirila v. Barrios, 
248 N.W.2d 171, 192 (Mich. 1976).
13 Lewis MH, Gohagan JK, Merenstein DJ. The locality 
rule and the physician’s dilemma. JAMA. 2007;7(23):2635.
14 Hall v. Hilbun, 466 So. 2d 856, 871 (Miss. 1985).

Pennsylvania, and South Dakota apply a similar 
community standard for general practitioners 
and a national standard for specialists.15

For example, Tennessee statute requires that a 
plaintiff prove “[t]he recognized standard of 
acceptable professional practice in the profession 
and the specialty thereof, if any, that the defen-
dant practices in the community in which the 
defendant practices or in a similar community at 
the time the alleged injury or wrongful action 
occurred.”16 Any witness who is being offered as 
an expert on the standard of care must be licensed 
to practice a profession or specialty “relevant to 
the issues in the case” in either Tennessee or in a 
contiguous bordering state, absent a showing that 
an appropriate expert witness is not available 
within those geographical restrictions.17 Experts 
must also demonstrate familiarity with the medi-
cal community in which the defendant practices 
or a similar community by either firsthand knowl-
edge or by educating themselves on the charac-
teristics of the medical community at issue.18 Yet, 
even though Tennessee continues to follow the 
locality rule, its courts have been influenced by 
the trend toward national standardization:

Therefore, expert medical testimony regarding a 
broader regional standard or a national standard 
should not be barred, but should be considered as an 
element of the expert witness’ knowledge of the 
standard of care in the same or similar community. 
Contrary to statements made in the dissent, this rec-
ognition is neither a dilution nor a relaxation nor an 
invitation of reliance on a national or regional stan-
dard of care. It is simply a common sense recogni-
tion of the current modern state of medical training, 
certification, communication, and information shar-
ing technology, as demonstrated in the numerous 
instances of sworn testimony offered by medical 
experts in the above-reviewed cases, as well as the 
thoughtful analysis and discussion by courts in sev-
eral other jurisdictions, that the consideration of 
such testimony is justified.19

15 Lewis et al. supra note 13, at 2635.
16 Tenn. Code Ann. § 29-26-115 (2017).
17 Ibid.
18 Shipley v. Williams, 350 S.W.3d 527, 552-53 (Tenn. 
2011).
19 Ibid., 553 (internal citations omitted).
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Plaintiffs have attempted to use internal rules, 
policies, and protocols of hospitals to establish 
the standard of care, but many courts have held 
that these policies, without more, do not conclu-
sively prove the standard of care.20 This prece-
dent has emerged, in part, to avoid penalizing 
hospitals that set aspirational policies and proce-
dures.21 Recommended practices by medical 
associations also do not, in and of themselves, 
establish the standard of care. However, like 
internal hospital policies, such recommendations 
may be used to support expert testimony.22

Congress has recently passed legislation 
rejecting the notion that federal health care pro-
gram guidelines, standards, and regulations 
establish a duty of care or the standard of care in 
medical malpractice actions. The Medicare 
Access and CHIP Reauthorization Act of 2015 
(MACRA) includes the following provision: “[T]
he development, recognition, or implementation 
of any guideline or other standard under any 
Federal health care provision shall not be con-
strued to establish the standard of care or duty of 
care owed by a health care provider to a patient in 
any medical malpractice or medical product lia-
bility action or claim.”23 Therefore, the Patient 
Protection and Affordable Care Act (PPACA) 
and Titles XVIII (Medicare) and XIX (Medicaid) 
of the Social Security Act and their associated 
standards and regulations (such as quality incen-

20 E.g., Doe v. St. Francis Hosp. & Med. Ctr., 72 A.3d 929, 
963–64 (Conn. 2013); Moyer v. Reynolds, 780 So. 2d 205, 
208 (Fla. Dist. Ct. App. 2001); Darling v. Charleston 
Cmty. Mem’l Hosp., 211 N.E.2d 253, 257 (Ill. 1965); 
Wuest v. McKennan Hosp., 619 N.W.2d 682, 689 (S. D. 
2000); Prewitt v. Semmes-Murphey Clinic, P.C., No. 
W2006-00556-COA-R3-CV, 2007 Tenn. App. LEXIS 
149, at *47–48 (Tenn. Ct. App. Mar. 23, 2007); Reed v. 
Granbury Hosp. Corp., 117 S.W.3d 404, 413 (Tex. App. 
2003); Auer v. Baker, 63 Va. Cir. 596, 600 (Va. Cir. Ct. 
2004).
21 Wuest, 619 N.W.2d at 689.
22 Estate of Lepage v. Horne, 809 A.2d 505, 516 (Conn. 
2002); Kipp v. United States, 880 F. Supp. 691 (D. Neb. 
1995); United States ex rel. Mikes v. Straus, 84 F. Supp. 2d 
427, 432–33 (S.D.N.Y. 1999).
23 Medicare Access and CHIP Reauthorization Act of 
2015, Pub. L. No. 114–10, § 106(d)(1), 129 Stat. 87, 142 
(2015).

tives, conditions of participation, etc.) cannot 
alone be used to prove the standard of care.24

With this background, it is not surprising that 
case law reflects a variety of expert opinions on 
standard of care for patient positioning. What is 
consistent, however, is the suggestion that every-
one—from the surgeon to the anesthesiologist to 
the nursing personnel—may share some role or 
responsibility in ensuring a patient is properly 
positioned for surgery.25

In Dierolf v. Doylestown Hospital, et  al. 
(Pennsylvania), the plaintiff alleged that she suf-
fered a dropped foot following a maxillofacial 
procedure in the supine position that lasted over 
six hours. The plaintiff’s expert claimed that the 
defendant anesthesiologist may have placed the 
straps in an excessively tight manner; that the 
anesthesiologist should have placed padding 
under the plaintiff’s knee to keep the knees flexed 
and to avoid compression of the peroneal nerve; 
and that the plaintiff’s leg may have rotated out-
ward during the procedure and exerted pressure 
on the nerve for an extended period of time. Both 
the defendant anesthesiologist and her expert 
witness testified that the use of padding under the 
knee was contraindicated because the padding 
itself could cause pressure on the peroneal nerve 
and create blood pressure issues. The defendant 
anesthesiologist also testified that, though she 
could not check the strap during the course of the 
operation because the surgical drapes needed to 
remain in place for sterility, she had inspected the 
straps before the procedure began and saw no 
indication of excessive tightness. The defendant 
anesthesiologist also stated that she was “primar-
ily responsible” for avoiding positioning-related 
nerve injury. The jury found for the 
defendants.26

24 Ibid., § 106(d)(2); see Bain v. Colbert County Nw. Ala. 
Health Care Auth., No. 1150764, 2017 Ala. LEXIS 9, at 
*50 fn.8 (Ala. Feb. 10, 2017).
25 Accord Martin JT. General principles of safe position-
ing. In: Martin JT, Warner MA, editors. Positioning in 
anesthesia and surgery. 3rd ed. Philadelphia: W.  B. 
Saunders; 1997. p. 6.
26 Dierolf vs. Doylestown Hosp., et al. Pennsylvania jury 
verdict review & analysis 1989;7(5).
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In Neidert v. University of Minnesota Medical 
Center (Minnesota),27 the plaintiff alleged that, 
following an eight-hour heart transplant surgery, 
he developed compartment syndrome in his left 
hand due to malpositioning during surgery. In 
support of his claim, the plaintiff submitted affi-
davits from his expert witnesses, an anesthesiolo-
gist and an orthopedic surgeon, which stated that 
everyone in the operating room was responsible 
for proper positioning and padding of the patient 
and for examining the patient’s extremities. On 
summary judgment, the defendants challenged 
these experts’ affidavits on several grounds, 
including that the experts’ opinions did not dif-
ferentiate between the different medical person-
nel present in the operating room (nurses, 
anesthesia staff, surgeons, etc.) but merely treated 
them as a group. The court denied the defen-
dants’ summary judgment motion,28 but a jury 
ultimately returned a defense verdict.29

In Barber v. Dean (Texas),30 the plaintiff 
underwent a CABG procedure that lasted over 
six hours. Following the harvesting portion of the 
procedure, the anesthesiologist, aided by several 
nurses, “tucked” the patient’s arm. The plaintiff 
later complained of pain, burning, numbness, and 
weakness in his left hand and arm, and he was 
diagnosed with a left ulnar nerve lesion and ulnar 
cubital syndrome. The court quoted the opinion 
of the plaintiff’s expert, an anesthesiologist expe-
rienced with cardiac surgical procedures, on the 
standard of care:

The applicable reasonable, prudent and accepted 
standards of care for … Dr. [Tauriainen] [and] Dr. 
Dean … involved a shared responsibility on the 
part of each of these surgeons, the physician assis-
tant, and nurses to properly position and pad 
[Malcolm’s] left and right upper extremities before 
the start of the CABG surgical procedure, during 
the left radial artery harvest, after the left radial 
[artery] harvest and during the remainder of the 

27 Neidert v. Univ. of Minn. Med. Ctr., No. 27-CV-08-
11856, 2009 Minn. Dist. LEXIS 112 (Minn. Dist. Ct. July 
6, 2009).
28 Ibid., *2–9 & 39.
29 Neidert v. Univ. of Minn. Med. Ctr., No. 27-CV-08-
11856, 2009 Minn. Dist. LEXIS 105 (Minn. Dist. Ct. Oct. 
26, 2009).
30 Barber v. Dean, 303 S.W.3d 819 (Tex. App. 2009).

surgery in order to prevent peripheral neuropathies 
to [Malcolm’s] upper extremities.

Of the major nerves in the upper extremities, 
the ulnar nerve and brachial plexus nerves are and 
were the most common nerves to be at risk of 
injury and to become symptomatic and lead to 
major disability of a patient during and after the 
perioperative period. Improper surgical patient 
positioning and padding of upper extremities were 
well-known causative factors in the development 
of surgical patients’ ulnar neuropathies as of 2004 
and such risks had been known by the surgical, 
physician assistants, hospital, and operating room 
nursing communities in the United States for 
many years. As of 2004, reasonably prudent anes-
thesiologists, cardiovascular and cardiothoracic 
surgeons, general and traumatic surgeons, physi-
cian’s professional associations, registered nurses, 
and physician [] assistants were or should have 
been aware that surgical patients in supine posi-
tions were at risk of developing ulnar nerve inju-
ries and neuropathies during surgery due to 
external ulnar nerve compression or stretching 
caused by malpositioning and improper or inade-
quate padding during surgery. Prevention of peri-
operative peripheral neuropathies to [Malcolm], 
including his left upper extremity, was preventable 
by proper positioning and padding of his left arm 
and hand.

Dr. Moss, with the cooperation of nurses 
Alexander and Syptak, should have positioned 
[Malcolm’s] right and left upper extremities in a 
manner to decrease pressure on the postcondylar 
groove of the humerus or ulnar groove. When his 
arms were tucked at the side, the neutral forearm 
position with elbows padded would have been 
appropriate. When his left upper extremity was 
abducted on an armboard, that extremity should 
have been either in supination or a neutral forearm 
position. His arm should have been extended to 
less than ninety degrees. They should have applied 
padding materials such as foam sponges, eggcrate 
foam, or gel pads, to protect exposed peripheral 
nerves in [Malcolm’s] left arm, particularly at the 
site of his elbow and left ulnar groove. Thus, after 
Drs. [Tauriainen] [and] Dean … harvested 
[Malcolm’s] left radial artery from his left upper 
extremity extended on an armboard, they, together 
with Dr. Moss, and nurses Alexander and Syptak, 
should have assured that [Malcolm’s] left upper 
extremity was returned to his side in a neutral fore-
arm position and padding of his left elbow and any 
bony prominences should have been performed to 
protect his left ulnar nerve and prevent the risk of 
a left upper extremity neuropathy to the nerve. 
Also, Drs. [Tauriainen] and Dean … should have 
assured and followed procedures so that 
[Malcom’s] left upper extremity was positioned in 
a neutral forearm position and properly padded 
to prevent the risk that any of the surgeons or 
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assistants could come in contact or lean on his left 
arm during the surgical procedure.31

The defendant surgeons filed a motion to dis-
miss the case, arguing that the plaintiff’s expert 
was not qualified to opine as to the standard of 
care for cardiovascular and thoracic surgeons and 
that his report failed to state with specificity the 
applicable standard of care. Though the trial 
court granted the defendants’ motion to dismiss, 
the Texas Court of Appeals reversed, finding that 
the plaintiff’s expert was qualified to render 
opinions as to whether the surgeons had deviated 
from the standard of care regarding the proper 
positioning and padding of the plaintiff’s arm 
and that the report specifically stated that all the 
medical and nursing personnel “owed the same 
duty to ensure the proper positioning and 
padding.”32 The case was allowed to proceed.

In Padilla v. Loweree (Texas),33 the plaintiff 
alleged that she had sustained a brachial plexus 
injury as a result of improper positioning during a 
gynecological surgery. In support of her claim, 
the plaintiff submitted an affidavit by her expert 
witness, an orthopedic surgeon, that stated that 
the surgeon was ultimately responsible for the 
patient’s positioning; that the anesthesiologist 
was responsible for the patient’s positioning while 
the surgeon was operating; and that after the pro-
cedure, the surgeon and the anesthesiologist 
were  both responsible for ordering appropriate 
monitoring and care. The defendants filed a 
motion to dismiss on the basis that the plaintiff’s 
expert was not qualified to opine as to the stan-
dard of care for positioning a patient during gyne-
cological surgery. The trial court denied the 
defendants’ motion, and the Texas Court of 
Appeals affirmed, noting that “the proper posi-
tioning and padding of a patient’s arm during the 
gynecological surgical procedure is not a subject 
exclusively within the knowledge or experience 
of a physician specializing in such surgery.”34 This 
finding appears to be based on the perception that 
positioning principles are the same in orthopedic 

31 Ibid., 830–31 (italics in original).
32 Ibid., 822, 826–27, 830–31.
33 Padilla v. Loweree, 354 S.W.3d 856 (Tex. App. 2011).
34 Ibid., 859, 861–64, 866.

and gynecological surgical procedures. The case 
was allowed to proceed. According to court 
records, the anesthesiologist was later dismissed 
on summary judgment, and a nonsuit was taken as 
to surgeon and surgical center.

�Breach of Standard of Care, 
Causation, and Res Ipsa Loquitur

After establishing the standard of care, a plaintiff 
must show the defendant deviated from it, caus-
ing an injury to the plaintiff. These are issues that 
typically require expert testimony and that may 
ultimately be determined based on which party’s 
expert the jury finds more credible.

Plaintiffs often seek to apply the doctrine of 
res ipsa loquitur (Latin for “the thing speaks for 
itself”) to establish breach of the standard of care 
and causation. This approach has been used in 
cases involving post-anesthesia neuropathies,35 
perhaps because these types of neurological 
injuries are not always associated with the types 
of surgeries they follow.36 As one commentator 
has noted: “All too often, patients, family mem-
bers, and consulting or subsequent health care 
providers make this causation leap of logic with-
out considering alternative causes.”37

Under res ipsa, a jury may infer that a defen-
dant was negligent—even if the plaintiff cannot 
show what actually happened—if the plaintiff’s 
injury ordinarily would not occur absent negli-
gence.38 Res ipsa does not conclusively establish 
that the defendant was negligent; it merely allows 
a jury make this inference from the circum-
stances. A defendant can rebut this inference by 

35 E.g., Horner v. N. Pac. Benefit Ass’n Hosps., Inc., 382 
P.2d 518 (Wash. 1963); Getch v. Bel-Park Anesthesia 
Assoc., 1998 Ohio App. LEXIS 1920 (Ohio Ct. App. Apr. 
15, 1998); Fitzgerald v. El Camino Hosp., No. H032094, 
2009 Cal. App. Unpub. LEXIS 7181 (Cal. Ct. App. Sept. 
3, 2009).
36 See Getch, 1998 Ohio App. LEXIS 1920, at *1–2.
37 White KJ.  Medicolegal considerations. In: Martin JT, 
Warner MA, editors. Positioning in anesthesia and sur-
gery. 3rd ed. Philadelphia: W. B. Saunders; 1997. p. 330.
38 Restatement (Third) of Torts: Liability for Physical and 
Emotional Harm § 17 cmt. a (2010).
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presenting proof that he was not negligent or that 
the plaintiff’s injury was not the result of that 
defendant's negligence.39 For example, evidence 
that the injury at issue is an inherent risk of a sur-
gical procedure may rebut res ipsa.40

In Fitzgerald v. El Camino Hospital 
(California),41 a plaintiff alleged that during a 
thoracoscopic dorsal sympathectomy, her arm 
fell off an armboard, causing a brachial plexus 
injury. A jury returned a verdict in favor of the 
defendants. The plaintiff appealed, claiming that 
she had established the res ipsa conditions and 
that the defendants had failed to rebut the infer-
ence of negligence. The appellate court affirmed 
the verdict, concluding that there had been con-
flicting testimony on whether a brachial plexus 
injury could have occurred during this surgical 
procedure absent negligence.42

In Seavers v. Methodist Medical Center 
(Tennessee),43 a plaintiff claimed her right ulnar 
nerve was injured due to negligent positioning 
while she was being treated for bilateral viral 
pneumonia in the hospital ICU.  The plaintiff’s 
expert neurologist stated that, though he could 
not offer conclusive proof of causation, the plain-
tiff’s injury was the type that would not have 
occurred in the absence of negligence by the 
nursing staff, who were responsible for position-
ing and turning the plaintiff’s body.

The trial court dismissed the plaintiff’s claim 
on summary judgment, concluding that the res 
ipsa theory was not available, and the Court of 
Appeals affirmed. At that time, Tennessee was 
one of a minority of states that restricted the use 
of res ipsa in medical malpractice cases to those 
involving injuries where lay jurors could apply 
their own common sense to infer negligence, 
such as where a sponge had been left in a patient’s 
body.44 If “the subject matter of the alleged mal-

39 Ibid., § 17 cmt. g.
40 Ibid., § 17 cmt. e.
41 Fitzgerald v. El Camino Hosp., No. H032094, 2009 Cal. 
App. Unpub. LEXIS 7181 (Cal. Ct. App. Sept. 3, 2009).
42 Ibid., *2–7, 33–44.
43 Seavers v. Methodist Med. Ctr., 9 S.W.3d 86 (Tenn. 
1999).
44 Ibid., 91–93.

practice requires a scientific exposition,” expert 
testimony was necessary and the res ipsa infer-
ence was not permitted.45 However, the Tennessee 
Supreme Court reversed, extending the availabil-
ity of res ipsa in medical malpractice cases. The 
Court concluded that the res ipsa conditions 
could be met even where the injury at issue is 
outside the jury’s common knowledge:

This is especially true in medical malpractice cases 
where, as here, a claimant suffers a subtle nerve 
injury while heavily sedated and under the exclu-
sive care of a hospital nursing staff. Claimants 
often have no knowledge of what happened during 
the course of medical treatment, aside from the fact 
that an injury occurred during that time. In cases 
where the standard of care or the nature of the 
injury requires the exposition of expert testimony, 
such testimony may be as probative of the exis-
tence of negligence as the common knowledge of 
laypersons. The use of expert testimony in that 
regard serves to bridge the gap between the jury’s 
common knowledge and the complex subject mat-
ter that is “common” only to experts in a desig-
nated field. With the assistance of expert testimony, 
jurors can be made to understand the higher level 
of common knowledge and, after assessing the 
credibility of both the plaintiff’s and defendant’s 
experts, can decide whether to infer negligence 
from the evidence.46

�Damages

If a plaintiff establishes the elements of negli-
gence, she must then prove the damages she is 
seeking to recover. This may include economic 
and noneconomic damages. Though states may 
differ somewhat in how they define each cate-
gory, economic damages are generally described 
as objectively quantifiable losses, such as medi-
cal expenses and lost wages, while noneconomic 
damages, including pain and suffering and loss of 
consortium, cannot be objectively quantified. 
Tennessee’s statute differentiates between the 
two types of damages as follows:

“Economic damages” means damages, to the 
extent they are provided by applicable law, for: 
objectively verifiable pecuniary damages arising 

45 Ibid., 92.
46 Ibid., 94–95.
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from medical expenses and medical care, rehabili-
tation services, mental health treatment, custodial 
care, loss of earnings and earning capacity, loss of 
income, burial costs, loss of use of property, repair 
or replacement of property, obtaining substitute 
domestic services, loss of employment, loss of 
business or employment opportunities, and other 
objectively verifiable monetary losses [.]

“Noneconomic damages” means damages, to the 
extent they are provided by applicable law, for: 
physical and emotional pain; suffering; inconve-
nience; physical impairment; disfigurement; men-
tal anguish; emotional distress; loss of society, 
companionship, and consortium; injury to reputa-
tion; humiliation; noneconomic effects of disabil-
ity, including loss of enjoyment of normal 
activities, benefits and pleasures of life and loss of 
mental or physical health, well-being or bodily 
functions; and all other nonpecuniary losses of any 
kind or nature.47

Though not objectively quantifiable, noneco-
nomic damages awards may be substantial. In 
Steele v. Ft. Sanders Anesthesia Group, P.C. 
(Tennessee),48 a plaintiff underwent a decom-
pressive surgical laminectomy to address some 
mild neurological problems she was experienc-
ing as a result of arthritis-related compression of 
the spinal cord in her neck. The surgeon elected 
to perform the surgery in the seated position. 
When the plaintiff awoke from surgery, she was 
paralyzed from the neck down.

Prior to the surgery, the anesthesiologist docu-
mented a preoperative examination in the plain-
tiff’s chart, but his entry did not mention the 
plaintiff’s diagnosis, the reason for her surgery, 
her preoperative average blood pressure, what 
the surgical procedure would be, or that her spi-
nal cord would be under compression. In the pre-
operative holding area, another anesthesiologist 
placed a central line and made an entry in the 
plaintiff’s chart, without referring to the plain-
tiff’s diagnosis or that her spinal cord would be 
under compression. A third anesthesiologist 
administered anesthesia to the plaintiff in the 
operating room before turning care over to a 
CRNA, who, after approximately 15 min, turned 

47 Tenn. Code Ann. § 29-39-101 (2017).
48 Steele v. Ft. Sanders Anesthesia Group, P.C., 897 S.W.2d 
270 (Tenn. Ct. App. 1994).

the plaintiff’s care over to a second CRNA, who 
administered anesthesia for the remainder of the 
surgery. Neither CRNA had ever administered 
anesthesia in a neurosurgical procedure before. 
The plaintiff’s blood pressure dropped during the 
surgery, and the second CRNA, who adminis-
tered anesthesia for the majority of the operation, 
took no action other than to reduce the level of 
the anesthetic.

The case was first tried in 1992, and the 
jury found the neurosurgeon who performed the 
operation not negligent. The jury also found that 
the anesthesia group, which employed the three 
anesthesiologists and two CRNAs, had been 
negligent, but a mistrial was entered when the 
jury could not agree on causation.

The case was tried again in 1993 as to the 
liability of the anesthesia group. The proof 
showed that the anesthesia group deviated from 
the standard of care by:

[F]ailing to recognize a special anesthetic risk 
faced by plaintiff Mrs. Steele; failing to record 
necessary information regarding the patient’s con-
dition on the chart for reference by others as 
needed in order to recognize and properly evaluate 
the anesthesia risk by allowing a person with inad-
equate skill, knowledge, and experience to admin-
ister anesthesia to Mrs. Steele; allowing an 
excessive number of people to participate in Mrs. 
Steele’s care which increased confusion and 
decreased communication; failing to give adequate 
fluids during the surgery; and failing to maintain 
adequate blood pressure, even though the blood 
pressure could have been easily raised to an accept-
able level with prompt treatment.49

Expert witnesses for both sides agreed that 
operating in the seated position presents an 
increased risk of ischemic injury to the spinal 
cord and that a person whose spinal cord is under 
compression would be more susceptible to isch-
emic injury. The jury awarded the plaintiff 
$5,600,809.90 as damages and also awarded the 
plaintiff’s husband $2,000,000 for loss of consor-
tium. The trial court suggested a remittitur in the 
loss of consortium judgment in the amount of 
$800,000, which reduced the damages award on 
that claim to $1,200,000. The plaintiff accepted 
the remittitur under protest.

49 Ibid., 275.
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Both parties appealed. The defendant claimed 
the jury verdict so exceeded the range of reason-
ableness that the trial court should have granted a 
new trial. The plaintiff argued that the remittitur 
was made in error and that the original jury ver-
dict should be reinstated. The Court of Appeals 
affirmed the judgment of the trial court in all 
respects, finding that the proof at trial supported 
a substantial loss of consortium award and that 
the award after the remittitur was within the 
range of reasonableness.50 Notably, however, this 
case was decided before Tennessee adopted caps 
on noneconomic damages awards.

Many states have enacted laws limiting the 
amount of noneconomic damages a plaintiff can 
receive in medical malpractice actions and other 
tort actions.51 These damages may be capped as 
low as $250,000 or as high as $1,500,000.52 For 
example, in Tennessee, a plaintiff generally can-
not recover in excess of $750,000  in noneco-
nomic damages.53 Where a jury finds there has 
been a “catastrophic loss”—which includes a spi-
nal cord injury resulting in paraplegia or quadri-
plegia —noneconomic damages are capped at 
$1,000,000.54 However, these caps do not apply 
to actions where the defendant acted intention-
ally to harm the plaintiff; the defendant intention-
ally falsified or destroyed records that contained 
material evidence; the defendant was under the 
influence of alcohol or drugs; or the defendant’s 
acts resulted in his being convicted of a felony.55

Plaintiffs have brought constitutional chal-
lenges to these statutes in various states.56 Courts 
in Alaska, California, Indiana, Louisiana, 
Nebraska, Ohio, West Virginia, and Missouri 

50 Ibid., 272–75, 282–84.
51 See generally Avraham, Ronen, Database of State Tort 
Law Reforms (5th) (May 2014). U of Texas Law and Econ 
Research Paper No. e555. Available at SSRN: https://ssrn.
com/abstract=902711.
52 See Stein A. Toward a new theory of medical malprac-
tice. Iowa L. Rev. 2012; 97:1253 (citing Cal. Civ. Code § 
3333.2(b) (West 2010) and Fla. Stat. Ann. § 766.118(3)
(b)).
53 Tenn. Code Ann. § 29-39-102(a) (2017).
54 Ibid., § 29-39-102(b).
55 Ibid., § 29-39-102(h).
56 Stein, supra note 52, at 1254.

have upheld their state damages caps.57 However, 
damages caps have been invalidated in Florida, 
Georgia, Illinois, and Wisconsin.58 Courts in 
some states, including Tennessee, have, to date, 
declined to rule on the constitutionality of dam-
ages caps on the basis that the issue is not yet 
ripe; that is, no case involving a plaintiff verdict 
in excess of the statutory cap has yet been pre-
sented for their review.59

A plaintiff may also be awarded punitive dam-
ages under certain circumstances. The purpose of 
punitive damages is “not to compensate the 
plaintiff but to punish the wrongdoer and to deter 
the wrongdoer and others from committing 
similar wrongs in the future.”60 The availability of 
punitive damages varies from state to state. In 
Tennessee, punitive damages are available only 
if a plaintiff proves by clear and convincing evi-
dence that the defendant acted “maliciously, 
intentionally, fraudulently, or recklessly.”61 
Tennessee also caps punitive damages awards at 
the greater of two times the total amount of com-
pensatory damages awarded, or $500,000.00. 
However, these caps do not apply in cases where 
a defendant had a specific intent to seriously 
injure a plaintiff; the defendant intentionally fal-
sified, destroyed, or concealed records containing 
material evidence to evade liability; the defen-
dant was under the influence of alcohol or drugs; 
or the defendant’s acts resulted in his being con-
victed of a felony.62

�Limitations on Medical Malpractice 
Actions

The time period within which a plaintiff may 
bring a medical malpractice action is restricted 

57 Ibid., 1254 n.291; Dodson v. Ferrara, 491 S.W.3d 542 
(Mo. 2016).
58 Stein, supra note 52, at 1254 n.1291; N. Broward Hosp. 
Dist. v. Kalitan, No. SC15-1858, 2017 Fla. LEXIS 1277 
(Fla. June 8, 2017).
59 Clark v. Cain, 479 S.W.3d 830 (Tenn. 2015).
60 Hodges v. S.C. Toof & Co., 833 S.W.2d 896, 900 (Tenn. 
1992) (citation omitted).
61 Tenn. Code Ann. § 29-39-104(a)(1) (2017).
62 Ibid., § 29-39-104(a)(5) & (7).
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by state statutes of limitations and statutes of 
repose. A statute of limitations sets the time in 
which a lawsuit must be filed after a cause of 
action accrues; if the plaintiff does not file suit 
within the prescribed time period, she is deemed 
to have waived her claim.63 “Thus, the barring of 
the remedy is caused by a plaintiff’s failure to 
take reasonable steps to assert the cause of action 
within the time afforded by the statute.”64 Statutes 
of limitations for medical malpractice cases may 
range from one65 to three years.66

The date a cause of action accrues is not 
always the date the medical procedure giving rise 
to an alleged injury was performed. If the plain-
tiff reasonably did not discover her injury until 
some time after the medical procedure, the cause 
of action is deemed to have accrued on the date of 
discovery or on the date the injury should have 
reasonably been discovered. States may also pro-
vide for other circumstances that toll, or suspend, 
the running of the statute of limitations period. 
One such example is when the plaintiff is a minor 
or mentally incompetent.67

In contrast to statutes of limitations, statutes 
of repose abolish a cause of action if a plaintiff 
has not filed suit within a prescribed time after 
the negligent act occurred, regardless of whether 
the alleged negligence was discovered or should 
have reasonably been discovered within that time 
period. As one court has explained: “Statutes of 
repose are … not designed, as are statutes of limi-
tations, to necessarily allow a ‘reasonable’ time 
in which to file a lawsuit. A statute of repose 
might theoretically cut off a claim filed within the 
period allowed by the relevant statute of 
limitations.”68 Statutes of repose thus serve the 
purpose of increasing availability of insurance 
and reducing risk and uncertainty of liability for 
physicians and other medical practitioners.69 

63 E.g., Lee v. Gaufin, 867 P.2d 572, 575 (Utah 1993).
64 Ibid.
65 Tenn. Code Ann. § 29-26-116(a) (2017).
66 S.C. Code Ann. § 15-3-545 (2016).
67 E.g., Tenn. Code Ann. § 28-1-106.
68 Lee, 867 P.2d at 576 (citation omitted).
69 Ibid. (citation omitted).

Statutes of repose for medical malpractice 
actions may range from three70 to ten years.71

As with statutes of limitations, states have 
made provision for certain exceptions to their 
statutes of repose. For example, Tennessee per-
mits plaintiffs to bring medical malpractice law-
suits outside the state’s three year statute of 
repose if a defendant has fraudulently concealed 
evidence of his negligence.72

�Informed Consent

Medical malpractice claims are often accompa-
nied by claims for lack of informed consent. 
Informed consent cases typically involve situa-
tions in which a patient authorized a procedure 
but claims that the physician failed to inform her 
of any or all of the inherent risks.73

Though a defendant may not have been negli-
gent in performing the procedure, he may still be 
found liable for inadequate informed consent if 
the plaintiff establishes nondisclosure, causation, 
and injury.74 What is required to prove these ele-
ments differs across states. To determine ade-
quacy of consent, some states inquire whether the 
undisclosed risks were such that they “could 
have influenced a reasonable person in making a 
decision to give or withhold consent.”75 Other 
states focus on whether “the information pro-
vided to the patient deviated from the usual and 
customary information given to patients to pro-
cure consent in similar situations.”76

With regard to causation, the majority of 
states apply an objective standard: “If adequate 
disclosure could reasonably be expected to 
have caused [a prudent person in the patient’s 
position] to decline the treatment because of the 

70 Tenn. Code Ann. § 29-26-116.
71 Mo. Rev. Stat. § 516.105 (2017).
72 Tenn. Code Ann. § 29-26-116.
73 Blanchard v. Kellum, 975 S.W.2d 522, 524 (Tenn. 1998).
74 See, e.g., Ibid., 123; Foster v. Traul, 175 P.3d 186, 192 
(Idaho 2008).
75 Tex. Civ. Prac. & Rem. Code § 74.101 (2015).
76 Blanchard, 975 S.W.2d at 524; see also Tenn. Code Ann. 
§ 29-26-118.
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revelation of the kind of risk or danger that 
resulted in harm, causation is shown[.]”77 A 
minority of states apply a subjective standard, 
in which causation is established solely by 
patient testimony that she would not have con-
sented to the procedure had she been advised of 
the risk in question.78

Informed consent has been an issue in a num-
ber of cases involving ischemic optic neuropathy 
following a spinal procedure. In Foster v. Traul 
(Idaho),79 a plaintiff sought damages against an 
anesthesiologist, alleging he had experienced 
bilateral posterior ischemic optic neuropathy 
(PION) following a back surgery. The plaintiff’s 
medical malpractice claims were dismissed on 
summary judgment, but he was allowed to pro-
ceed with his lack of informed consent claim. 
The defendant filed a subsequent motion for 
summary judgment as to this claim, which the 
trial court granted. However, the Idaho Supreme 
Court reversed, finding that, based on the affida-
vits of the parties’ respective experts, there was a 
genuine issue of fact as to whether the plaintiff 
was injured as a result of the defendant’s failure 
to disclose the risk of PION. The experts agreed 
that PION occurred in a certain percentage of 
patients following back surgery, that PION was a 
risk of the procedure, and that the plaintiff sus-
tained that injury.80

In Nemcik v. United States (New Jersey),81 a 
plaintiff brought suit for medical malpractice 
and lack of informed consent after being diag-
nosed with PION following a multilevel spinal 
fusion surgery. The Court found that, at the time 
of the surgery, it was not the standard of care for 
anesthesiologists to inform their patients about 
the risk of PION:

77 Canterbury v. Spence, 464 F.2d 772, 791 (D.C.  Cir. 
1972); see also Ashe v. Radiation Oncology Assocs., 9 
S.W.3d 119, 122 fn.1 (Tenn. 1999) (summarizing the 
states that have adopted the objective standard).
78 Ashe, 9 S.W.3d at 122.
79 Foster v. Traul, 175 P.3d 186, 192 (Idaho 2007).
80 Ibid.,  188 & 192–94.
81 Nemcik v. United States, No. 05-1469, 2008 U.S. Dist. 
LEXIS 51784 (D. N. J. July 8, 2008).

The Court finds that while the anesthesiologists 
who attended to plaintiff were responsible for 
advising Plaintiff about the risks associated with 
the anesthetic agents and procedures they would be 
using throughout the course of the surgery, they 
were not responsible for informing plaintiff about 
the risks associated with the surgery itself, such as 
PION. Moreover, the standard of care for anesthe-
siologists in 2002 did not mandate that they inform 
their patients that postoperative vision loss was a 
risk of spine surgery. Anesthesiologists are gener-
alists in their field and cannot be expected to have 
knowledge of the risks of each and every kind of 
surgery. Even [plaintiff’s expert anesthesiologist] 
testified that while it would be prudent to tell a 
patient of the risk, there was no ASA standard that 
an anesthesiologist must disclose the risk. 
Furthermore, the risk factors for PION, such as a 
lengthy spine surgery in the prone position, are not 
in the control of the anesthesiologists.82

The Court further found that a reasonably pru-
dent person in the plaintiff’s position would have 
undergone the procedure even if he had been 
informed of the risk of PION.  In making this 
determination, the Court focused on the plain-
tiff’s spinal deterioration and pain levels, the rar-
ity with which PION occurred (between 0.03% 
and 0.1%), and the fact that the plaintiff testified 
that had he been told of the risk of PION he 
would have only “hesitated” about having the 
surgery. The Court ruled in favor of the defendant 
on all claims.83

In Dacey v. Huckell (New York),84 which was 
decided in 2015, a plaintiff underwent a lumbar 
decompression and fusion of levels L1 to S1. 
When the plaintiff arrived in the operating room, 
the anesthesiologist secured his airway, anesthe-
tized him, and applied a “Dupaco pillow” to his 
face before moving him into a prone position on a 
specialized “Jackson” table. After the six and a 
half hour procedure was completed, the plaintiff 
was returned to the supine position, and the pillow 
was removed from his face. It was then observed 
that the plaintiff had developed pronounced facial 
edema. The plaintiff was later diagnosed with 
transient ischemic optic neuropathy secondary to 

82 Ibid., *39–40.
83 Ibid., *6–7 & 40–42.
84 Dacey v. Huckell, No. 42471, 2015 N. Y. Misc. LEXIS 
372 (N. Y. Sup. Ct. Feb. 11, 2015).
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hemodynamic compromise. The defendants’ 
expert opined that the incidence of vision loss 
during non-ophthalmological surgery is so rare 
that failure to disclose this risk does not constitute 
a deviation from the standard of care. The plain-
tiff’s expert disagreed. The Court found that there 
was a genuine issue of fact as to whether the stan-
dard of care required disclosure of this risk as well 
as whether a reasonable patient in the plaintiff’s 
position would have chosen to proceed with the 
surgery even if this risk had been disclosed. The 
case was allowed to proceed against the surgeon 
and the anesthesiologist.85 According to court 
records, the suit was settled prior to trial.

�Recent Federal Legislative Efforts 
at Medical Malpractice and Health 
Care Liability Reform

Though tort reform efforts have generally been 
concentrated at the state level, federal lawmak-
ers have recently made several efforts to reduce 
the number of medical malpractice and other 
health care liability lawsuits or to otherwise 
limit the possible recovery to plaintiffs in these 
cases. The latest is the “Protecting Access to 
Care Act of 2017,” which was introduced in the 
House of Representatives by Rep. Steve King 
(R-Iowa) on February 24, 2017.86 In its current 
form, the bill would apply to any medical mal-
practice or health care liability action, whether 
brought in state or federal court, “concerning 
the provision of goods or services for which 
coverage was provided in whole or in part via a 
federal program, subsidy or tax benefit.”87 As 
such, it would appear to cover suits arising 
out of “health care products or services paid for 
at least in part by programs such as Medicare, 
Medicaid, a subsidy under the Affordable Care 

85 Ibid.
86 All actions H.R.1215—115th Congress (2017–2018) 
[Internet]. Available from: https://www.congress.gov/
bill/115th-congress/house-bill/1215/all-actions-without- 
amendments?r=1.
87 Protecting Access to Care Act of 2017, H.R. 1215, 115th 
Cong., 1st Sess. (2017) (as referred to the Senate).

Act (ACA), Veterans Administration-provided 
health care, or the Employee Retirement Income 
Security Act of 1974.”88

The bill includes the following provisions:

•	 The statute of limitations for health care law-
suits would be the earlier of one year after the 
claimant discovers (or reasonably should have 
discovered) his injury or three years after the 
date of injury or the date of completion of the 
health care treatment at issue. No health care 
lawsuit could be brought after three years had 
passed from the earlier of the date of injury or 
the completion of the treatment at issue 
(except in cases involving fraud, intentional 
concealment, or leaving a foreign object in a 
patient). However, this would not preempt 
any state law that provides for a shorter statute 
of limitations or that establishes a statute of 
repose.

•	 Noneconomic damages would be capped at 
$250,000. However, these caps would also not 
preempt any state law setting the amount of 
damages available in a health care lawsuit.

•	 Expert witnesses must be licensed to practice 
in the state where the injury at issue occurred 
or in a contiguous bordering state and practice 
a profession or specialty which would make 
that person’s expert testimony “relevant to the 
issues in the case,” thus imposing a version of 
the locality rule. If a defendant is a board-
certified specialist, any expert witness testify-
ing regarding the standard of care for that 
defendant must also be board-certified in the 
same specialty. Expert witnesses would also 
be subject to any state-specific requirements 
with respect to their qualifications.

•	 A plaintiff must file with his complaint an affi-
davit of merit signed by a health care provider 
stating  that the defendant breached the stan-
dard of care, what actions should have been 
taken or omitted by the defendant, and how 
the defendant’s actions caused the plaintiff’s 
injury.89

88 H.R. Rep. No. 115-55, at 36 (2017) (internal footnotes 
omitted).
89 Protecting Access to Care Act of 2017, supra note 87.
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This bill, as outlined above, passed the House 
on June 28, 2017, and is now pending in the Senate. 
However, the likelihood the bill will progress fur-
ther is low. The bill is opposed by numerous con-
sumer and public interest groups as well as the 
American Bar Association.90 Several physicians’ 
groups, including the Association of American 
Physicians and Surgeons and the American 
Academy of Family Physicians, have objected to 
provisions similar to those in the bill that are 
included in the Trump Administration’s proposed 
budget.91 Previous bills seeking to impose limits on 
medical malpractice actions in the states have been 
unsuccessful.92

One piece of failed legislation that sought to go 
extraordinarily far in standardizing medical mal-
practice litigation was the Empowering Patients 
First Act of 2015,93 which was introduced in the 
House on May 13, 2015, by Tom Price. The bill 
proposed that the Secretary of the U.S. Department 
of Health and Human Services “provide for the 
selection and issuance of clinical practice guide-
lines for treatment of medical conditions” with a 
“physician consensus-building organization” and 
other physician specialty organizations. If a 
defendant in a medical malpractice lawsuit estab-
lished by a preponderance of the evidence that 
treatment was provided consistent with these clin-
ical practice guidelines, she could not be held lia-
ble unless the plaintiff then established the 
defendant’s “liability” by a much higher clear and 
convincing evidence standard. The bill further 
provided for grants to states to develop their own 
“health care tribunals” to resolve malpractice 
claims through nonjudicial expert review panels 
and subsequent administrative review process. 

90 H.R. Rep. No. 115-55, at 35.
91 Dickson V.  Providers want trump to stay out of tort 
reform. Modern Healthcare [Internet]. 2017 May 24 [cited 
2017 Jun 18]. Available at: http://www.modernhealthcare.
c o m / a r t i c l e / 2 0 1 7 0 5 2 4 / N E W S / 1 7 0 5 2 9 9 4 7 /
providers-want-trump-to-stay-out-of-tort-reform.
92 See Protecting Access to Healthcare Act, H.R. 5, 112th Cong. 
2d Sess. (2012); Actions overview H.R.5—112th Congress 
(2011–2012) [Internet]. Available from https://www.con-
gress.gov/bill/112th-congress/house-bill/5/actions?r=1.
93 Empowering Patients First Act of 2015, H.R. 2300 §§ 
401 et seq., 114th Cong., 1st Sess. (2015).

If, after going through this process, a party was 
dissatisfied with the outcome, that party could file 
his claim in a state court, but he would have to 
forfeit any award he received during the adminis-
trative review process. If the expert panel or 
administrative tribunal previously made a finding 
in favor of the health care provider on compliance 
with the clinical practice guidelines or on any 
other element of a medical malpractice claim, the 
defendant would be entitled to judgment as a mat-
ter of law in the state court unless the plaintiff 
could produce clear and convincing evidence to 
the contrary.94 This bill never made it to a vote.95
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94 Ibid.
95 All Actions H.R.2300—114th Congress (2015-2016) 
[Internet]. Available from https://www.congress.gov/
bill/114th-congress/house-bill/2300/all-actions?r=1.
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A
Abdominal compartment syndrome, 54
Abdominal stomas, 54
Action potential, 252
Acute ischemic stroke (AIS), 244
Adjunctive circumferential imaging devices, 219
Adult respiratory distress syndrome (ARDS), 242
Affordable Care Act (ACA), 277
Air embolisms, 14
Air entrainment, 54
Alar ligaments, 57
American Academy of Family Physicians, 278
American Congress of Obstetricians and Gynecologists 

(ACOG), 223
American Society of Anesthesiologists (ASA), 51, 253
Anesthesia, 1, 33, 35
Anesthesia space, 71
Aneurysmal bone cysts, 177
Aneurysmal subarachnoid hemorrhage (aSAH), 244, 245
Angiogram, 76
Anterior atlanto-occipital membrane, 57
Anterior longitudinal ligament (ALL), 153
Anterior spine surgery, 13
Antibiotic prophylaxis, 233
Aortocaval compression

azygous vein, 225
diagnostic imaging, 229
and hypotension, 225
lumbar spine, 225
MRI, 224
supine position, 224, 226
surgery, 228
uterus, 225

Aorto-coronary vein graft, 53
Arterial occlusion, 54
ASA Closed Claims Project (CCP), 265–266
Asleep-awake craniotomies, 97, 98
Association of American Physicians and Surgeons, 278
Atlanto-axial joint, 59
Atlanto-axial junction, 57
Atlanto-axial subluxation, 59
Atlanto-dental interval, 59
Atlanto-occipital dislocation, 59
Atlanto-occipital interval (AOI), 59

Atlanto-occipital joint, 57, 59
Autoregulation, 243, 244
Awake craniotomies, 201
Awake intubation and prone self-positioning, 220
Axillary nerve, 258

B
Baptist Memorial Hospital, 16
Basion-dental interval, 59
Bean bag/gel positioners, 216
Bicoronal approach, 94
Bilateral venous infarcts, 43
Body Mass Index (BMI), 218, 219
Body positioning, 88
Brachial plexus, 255–257
Brachial plexus injuries, 171, 218, 242
Bradycardia, 43
Brain edema, 246, 247
Brainstem, 101

C
Capillary perfusion pressure (CaPP), 19
Cardiac output (CO), 223, 224
Cardiopulmonary disease, 219
C-arm fluoroscope, 134
Cefazolin, 233, 235
Central cord syndrome, 57
Central venous catheter, 41
Cerebellopontine angle, 107
Cerebral blood flow (CBF), 244, 245
Cerebral perfusion pressure, 19, 24
Cerebrospinal fluid (CSF), 225

leakage, 245, 246
production, 19

Cervical instability, 60–61
Cervical laminectomy, 42
Cervical spinal stenosis, 60
Cervical spine, 57
Cervical spine injury, 54
Cervical stability, 57–60
Cervical stenosis, 61, 62
Chemical neurotransmitters, 251
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Cochlear implant devices, 55
Common peroneal nerve (fibular nerve), 259
Communicating fluid system, 20
Communication and team work, 78
Compartment syndromes, 44, 145, 173
Concorde position, 118–120, 124
Coronary bypass surgery, 53
Cranial

cavity, 54
convexity, 81
neurosurgical positioning, 82
neurosurgical procedures, 81
procedures, 29–31

Cranial tumor procedures, 201
Craniectomy, 245
Craniosynostosis, 210
Craniotomy, 52, 53

cerebellopontine angle meningioma, 232
intrauterine pregnancy, 234
open frame systems, 230
PFO, 233
pregnancy, 233
prone positioning, 231

CT myelogram, 189
Cushing’s personal laboratory, 5
Cutaneous injuries, 172
Cyberknife, 229

D
Dendrites, 251
Depolarization of membrane, 252
Diffuse spinal degenerative disease, 60
Diplopia and Parinaud syndrome, 125
Directed preanesthetic physical examination, 57, 58
Doppler probes, 77
Doppler ultrasonography, 33
Down syndrome, 60

E
Electrocardiogram (EKG), 160
Electrocautery, 52
Electromyographic electrodes, 211
Electrophysiologic monitoring, 41
Emergent large vessel occlusion (ELVO), 244
Empowering Patients First Act of 2015, 278
En-bloc sagittal resection, 181
En-bloc vertebrectomy, 178
Endoneurium, 252
Endotracheal intubation, 214
Endotracheal tube (ETT), 2, 128, 214
Endovascular Suite, 9
Epilepsy surgery, 210–211
Epineurium, 252
Episcleral venous pressure, 108
Ergonomics, 134, 135
Excessive neck flexion, 43
Extra-axial intracranial tumors, 193
Extra-axial meningioma, 193
“Eye-brow incision” approaches, 93

F
Face position, 118
Facial/tongue edema, 53
Far lateral approach, 199
Femoral nerve, 260
Femur and acetabular fractures, 217
Fetus

development, 223
evaluation, 226
gestational age, 226
neurosurgery, 234, 235
pelvic wedge, 226
in utero, 227, 228

Flexion/extension X-rays, 61
Fluoroscopic visualization, 133
Foley and femoral line, 213
Fronto-temporal orbito-zygomatic approach (FTOZ), 89, 92

G
General anesthesia, 1
Glasgow Coma Scale, 24, 213
Glomerular filtration, 224
Gravity-assisted retraction, 90

H
Head flexion, 206
Head immobilization devices, 207
Head positioning, 87, 88, 90, 93, 94, 96, 97, 115
Health care liability, 266
Health Care Liability Reform, 277, 278
Health care tribunals, 278
Hemangioblastoma, 200
Hematoma, 246
Hemicraniectomy, 245
Hemicranium, 215
Hemodilution, 245
HEPA, see High efficiency particulate air (HEPA)
Herniated discs, 11
High efficiency particulate air (HEPA), 74
Hunterian Laboratory, 5
Hydrocephalus, 209, 210, 246
Hydrostatic effects, 22
Hydrostatic indifference point (HIP), 20
Hypertension, 245
Hypervolemia, 245
Hypoplastic unilateral venous system, 245
Hypotension, 34, 224, 225, 233
Hypotensive trauma, 214
Hypothermia, 206

I
Inferior vena cava (IVC), 112, 150, 224
Informed consent, 275–277
Infratentorial approaches, 96, 97
Instrument tables, 72, 73
Instrumentation, 13
Intensity-modulated radiation therapy (IMRT), 185
Intensive care unit (ICU)
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MT, 244
neuroendovascular surgery, 244
neurosurgical procedures, 243

Interhemispheric approach, 89, 94
Intra-axial tumors, 192
Intra-abdominal pressure, 224
Intracranial hemorrhage, 245
Intracranial pressure (ICP), 112, 113, 192, 199, 202, 

245–247
Intracranial pressure treatment, 233
Intracranial tumors

approach and position, 195
frontal/trans-frontal sinus approach, 197
intra-axial tumors, 192
lateral position, 198
LMA, 202
metastatic tumors, 195
OZO, 197
parieto-occipital areas, 199
perioperative considerations, 191–192
positioning, 191, 192
postoperative complication, 192
prone position, 200
retrosigmoid approach, 199
sitting position, 201
subtemporal approaches, 198
trans-sphenoidal approaches, 196

Intradural tumors, 183
Intramedullary tumors, 183, 185
Intraocular pressure (IOP), 107
Intrathoracic procedures, 36
Intrathoracic tumors, 53
Intrinsic cervical spinal cord pathologies, 61–62
Intubation, 41
Ipsilateral diaphragm, 102
Ipsilateral side, 218
Ischemic optic neuropathy (ION), 220, 221
Ischemic stroke, 245

J
Jackson flat-top tables, 221
Jackson tables, 160–162, 164, 167, 169, 219, 220

K
Kent retractor, 258

L
Laminar airflow systems, 66, 74
Laryngeal mask airway (LMA), 202
Laryngoscopy, 39
Lateral

ALL, 153
C-arm fluoroscopy, 151
complication avoidance

axillary roll, 156
PION, 156
POVL, 156
spine surgeries, 157

thoracolumbar pathology, 156
ulcers, 155
unilateral parotid enlargement, 156

cross-hair tool, 151, 152
indications, 149
IVC, 150
lumbar plexus, 152, 153
Mayo stand, 151
minimally invasive techniques, 149
MIS-LLIF, 152
nerve monitoring, 153
neurapraxia, 150
padding, 150
patient positioning, 150
physiologic parameters, 155
posterior instrumentation, 155
securing patient, table, 151, 152
Skytron operating bed, 149, 154
spine, 154
surgical incision, 154
thoracolumbar trauma, 153
vascular system, 155

Lateral decubitus position (LDP)
anesthesia, 102
bean bag vs. rigid fixation, 103
endotracheal intubation, 102
intra-abdominal/thoracic mass, 102
intracranial surgery, 102
ipsilateral shoulder, 105
knee/fibular head, 104
lateral jackknife, 102
microvascular decompression, 105
patient’s back, 103
patient’s head, 102
patient’s medical history, 102
respiratory system, 102
semisupine position, 103
vital capacity, 102

Lateral lumbar interbody fusion (LLIF), 149
Lateral position

adult neck, 35
arterial pressures, 34
complications, 38
cranial procedures, 36–38
electrophysiologic monitoring, 37
induction and intubation, 35
intrathoracic procedures, 36
spinal procedures, 35–36

Lateral supraorbital approach, 92
Lighting, 71
Lithotomy position

advantages, 144
anesthesia and monitoring, 144
disadvantages and complications

anesthetic difficulties, 144
compartment syndrome, 145
lack of familiarity, 144
peripheral neuropathies, 145

indication, 144
patient positioning, 142, 143
Trendelenburg, 143
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Local anesthesia, 6
Long thoracic nerve, 258
Lower extremity, PPNI

common peroneal nerve (fibular nerve), 259
femoral nerve, 260
obturator, saphenous, and pudendal nerves, 260
sciatic nerve, 259
uncommon nerve injuries, 260

Lower/subaxial cervical spine, 57
Lubrication, 102
Lumbar lordosis, 134
Lumbar stenosis, 61, 62

M
Magnetic resonance imaging (MRI), 224
Malignant peripheral nerve sheath tumors (MPNST), 183
Marfan’s syndrome, 43
Maternal weight gain, 223
Mathematical model

CePP and CaPP, 23
geometrical parameters, 19
head and brain, 19
head and neck, 20
HIP, 21
ICP and CePP, 21, 24
parameter values, 23
venous pressure, 21

Maxillotomy approach, 30
Mayfield headpins, 103–105
Mayfield pin-fixation head-holder device, 221
Mayfield three-point fixation, 199
Mechanical thrombectomy (MT), 244
Median nerve, 257
Medical malpractice, 265–275
Medical negligence, 266
Medicare Access and CHIP Reauthorization Act of 2015 

(MACRA), 269
Metastasectomy, 192
Metastatic brain tumors, 193, 194
Metastatic lung adenocarcinoma, 122
Metastatic spinal tumors, 185
Microscope

aneurysm surgery, 70
counterweight-balanced system, 69

Microsurgery, 67, 71
Microvascular decompression, 105
Middle Fossa, 101
Midline subfrontal approach

bifrontal craniotomy, 94
interhemispheric, 94
Mayfield head pins, 94
transcallosal, 94

Midline suboccipital approach, 118, 122
Modern anesthesia, 1
Morbidly obesity

BMI, 218
neurosurgical consultation, 218
physical examination, 218
positioning

adjunctive circumferential imaging devices, 219
awake intubation/prone self-positioning, 220
BMI, 218, 219
cardiopulmonary disease, 219
compliance, 219, 220
electrocardiogram, 219
ION, 220, 221
jackson table, 220
mayfield pin-fixation head-holder device, 221
mean arterial pressure, 220
obesity status, 220
peak airway pressure, 220
pleural pressure, 220
prep solutions, 219
pressure, 219
prone position, 219–221
risk of radiation injury, 219
room equipment, 219
skin, 219
surgical positioners, 220
wilson frame, 220

Muscle relaxation, 40
Musculocutaneous nerve, 258, 259
Myocutaneous complications, 172

N
Navigated instrumentation, 170
Neck pain, 51
Neonate positioned supine, 209
Nerve fascicles, 252
Nerve ischemia, 252
Nerve regeneration, 252
Nerve sheath tumors, 183
Neural compression, 60–61
Neurocardiogenic heart failure, 244
Neurocritical care unit

ARDS, 242
autoregulation, 242
cranial displacement, 242
hemodynamic effects, 243
ICU, 243
oxygenation, 242
postoperative neurologic complications, 243
prone positioning, 242
supine positioning, 242
Trendelenburg positioning, 241
venous thromboembolism, 242

Neuroendovascular surgery, 244
Neuro-monitoring, 75
Neuronal conduction, 251
Neuro-navigation technology, 75
Neuropraxia, 106
Neuropraxic complication, 52
Neurosurgery

anatomical knowledge, 101
intracranial surgery, 101
patient positioning, 101

Neurosurgical procedures
intraoperative intravenous fluids, 2
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neurosurgical techniques, 15
positioning patients, 13
skull fracture, 1
supine position, 16
VAE, 14

Non-diagnosed cervical pathology, 61

O
Obturator, saphenous, and pudendal nerves, 260
Occipito-cervical joint, 57
Ojemann stimulation, 52
Oncologic terms, 176
Operating microscopes, 7
Operating room efficiency, 73
Operating room organization

anesthesia machine, 67
anesthesia space, 71
angiogram, 76
craniotomy surgery, 68, 73
Doppler probes, 77
head holder, 69
HEPA, 74
history

asepsis, 66
endoscope, 67
HEPA filters, 66
microscope, 66
navigation devices, 67
robot-assisted surgery, 67
surgical tables and trays, 66, 67

instrument tables, 72, 73
interior design principles, 65, 66
intraoperative/postoperative angiography, 76
lighting, 71
microscope, 67, 69
navigation devices, 68, 75
neuro-imaging, 75
neurological monitoring, 68
neuro-monitoring, 76
neuro-navigation, 75
operating table, 68, 69
spinal surgery, 67
sterility, 77
storage cabinets, 77
surgeon’s positioning, 70
surgical devices, 73
surgical site infections, 74
trash management, 77
video monitors, 67

Operative ergonomics, 134, 135
Orbito-zygomatic osteotomy (OZO), 197
Orotracheal intubation, 57
Osteogenic sarcoma, 178
Oxygenation, 102, 243

P
Padding, 208
Paleolithic period, 1

Parieto-occipital approaches, 94
Pathophysiology

PPNI, 251–253
Patient positioning

anesthesia, 273
CCP, 266
constitutional challenges, 274
CRNA, 273
decompressive surgical laminectomy, 273
economic damages, 273
eye injuries, 266
federal legislative efforts, 277, 278
indemnity payment, 265
informed consent, 266, 275–277
ischemic injury, 273
liability, 266, 267
medical malpractice, 265–275
nerve injuries, 266
noneconomic damages, 273, 274
plaintiff’s proof or evidence, 266
preoperative examination, 273
punitive damages, 274
standard of care (see Standard of care)

Patient Protection and Affordable Care Act (PPACA), 269
Patient safety, 78, 134
Patient transfer assistant devices, 7
Patient’s positioning

anatomical corridors, 88, 89
body positioning, 88
ergonomic working angles, 91
gravity-dependent retraction, 86, 90
head positioning, 88
neck positioning, 88
Trendelenburg, 88

Pectus excavatum/carinatum, 54
Pediatric brain tumors, 210
Pediatric neurosurgery

anesthesia, 207
endotracheal tube, 206
neonatal surgery, 208–209
neurosurgical procedures, 205
normothermia, 206
padding, 208
physiologic effects, 206
positioning, 205
preoperative planning, 206
traumatic injuries, 211

Peg board system, 104
Perineurium, 252
Perioperative peripheral nerve injuries (PPNI)

anatomy and risk factors, 251
classification, 253
description, 251
diagnosis, 260
lower extremity, 259–260
malpositioning in operating room, 251
management, 260, 261
mechanisms, 252
neurological and orthopedic surgical procedures, 251
pathophysiology, 251–253
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Perioperative peripheral nerve injuries (PPNI) (cont.)
physical assessment, 253
preoperative history, 253
toxicity from anesthetic agents, 251
ulnar neuropathies, 251
upper extremity, 253–259

Peripheral nerve, 251, 252
PPNI (see Perioperative peripheral nerve injuries 

(PPNI))
Peak airway pressure, 220
Peripheral neuropathy, 106
Peroneal nerve, 104
Petrosal approaches, 97
Physician consensus-building organization, 278
Physician specialty organizations, 278
Pineal region

infratentorial approaches, 124
interhemispheric approaches, 124
supracerebellar infratentorial approaches, 124, 125
supratentorial approaches, 124

Piperacillin, 233
Pneumocephalus, 54, 247
Pneumocompression devices, 234
Pneumorrhachis, 54
Port-a-Cath, 54
Polytrauma

blood pressure, 213
complications, 218
CT head, 213
FAST exam, 213
Foley and femoral line, 213
multi-vehicle collision, 213
simultaneous surgeries

anesthesia team, 215
anesthesia team and machines, 214
bone fractures or spinal column fractures, 217
Cervical spine instability, 214
compound fractures, 217
continuous blood pressure management, 214
crash craniotomy, 216
CT, 217
display monitors, 215
endotracheal intubation, 214
endotracheal tube, 214
femur and acetabular fractures, 217
fluid pooling, 216
hemicranium, 215, 216
hypotensive trauma, 214
neuromonitoring devices, 215
neurosurgical team, 217
operating room, 214
OR technician/nurse, 216
orthopaedics, 216
pelvic fractures, 217
resuscitation room, 214
SCI, 217
spinal precautions, 217
standard lateral decubitus techniques, 216
sTBI, 214
suspected cervical spine injury, 216

thoracic, 216
thoracotomy, 216

Positioning
brain retraction, 81
cranial convexity, 81
cranial neurosurgical procedures, 81
operating room care, 82
operating table, 81
PPNI (see Perioperative peripheral nerve injuries 

(PPNI))
pressure ulcers, 82
skin surface, 81
surgical exposure, 81

Positioning-related complications
anatomical pressure, 107
body position, 108
bony prominences, 107
hereditary neuropathy, 109
intracranial lesions, 108
IOP, 107
ipsilateral lung tumor, 108
LDP, 106, 107
neurosurgical procedures, 106
parotid gland, 108
peripheral neuropathy, 106
postauricular region, 108
sialadenitis, 105
stage I and II ulcers, 107
Stenon’s orifice, 108
Trendelenburg, 108

Positive end-expiratory pressure (PEEP), 112
Post-anesthesia care unit (PACU), 243
Post-anesthetic complication, 243
Posterior cervical, 161, 166, 167
Posterior fossa, 107, 111, 113, 121, 123, 124, 128
Posterior ischemic optic neuropathy (PION), 156, 276
Posterior longitudinal ligament, 179
Posterior lumbar interbody fusions (PLIFs), 161, 169
Postoperative airway management, 245, 246
Postoperative pain, 241, 243, 244
Postoperative vision loss (POVL), 44, 105, 156
Preanesthesia evaluation

abdominal stomas, 54
anatomical factors, 55
anesthesia, 52
anticipated position, 51
ASA, 51
assumption and sustainability, 51
cervical instability, 60–61
cervical stability, 57–60
cervical stenosis, 61, 62
cochlear implant devices, 55
consultations, 56, 57
coronary bypass surgery, 53
cranial cavity, 54
craniotomy, 53
description, 51
directed physical examination, 57, 58
facial/tongue edema, 53
intraoperative issues, 52
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intrathoracic tumors, 53
intrinsic cervical spinal cord pathologies, 61–62
ipsilateral metastatic disease, 55
lateral position, 53, 55
lumbar stenosis, 61, 62
neck pain, 51
neural compression, 60–61
neurological deficits, 54
Ojemann stimulation, 52
patient interview, 55, 56
patient’s past medical records, 53
physical examination, 51
pneumocephalus, 54
pneumorrhachis, 54
preoperative education, 52, 53
preoperative evaluation principles, 51
preoperative ophthalmologic evaluation, 54
preoperative tests, 56
process of surgery, 51–53
prolonged compression, 52
prone position, 53–55
seizures, 52
severe restrictive pulmonary disease, 54
sitting position, 53, 55
sternal abnormality, 54
supine patients, 52
supine position, 51, 53
supine spinal procedures, 53
timing, 52
VA shunt, 55
venous air embolism, 55
ventriculo-peritoneal shunts prone, 54
vertebral arteries, 54
visual description of operating room, 52

Precordial stethoscope, 5
Pre-existing tracheostomies, 39
Pregnancy

advantages and disadvantages, positions, 231
diagnostic imaging, 229
lateral position, 231, 232
maternal weight gain, 223
physiological changes, 223, 224
prone position, 229, 230
sitting position, 232, 233
supine position, 232

Preoperative ophthalmologic evaluation, 54
Pressure injuries, 124
Pressure-related injury, 172
Pretemporal approach, 93
Prolonged compression, 52
Prone position

anesthesia, 40
anesthesia-related injury, 43
arm abduction, 116
cervical spinal procedures

categories, 165
degenerative pathology, 166
Jackson table, 167
neoplastic pathology, 166
neurophysiologic monitoring, 166, 167

Skytron table, 167
cervical spine, 39
chest rolls, 116, 160
complications

anesthetic technique, 128
brachial plexus injuries, 171
causes, 127
head clamp, 113
injury, 124
myocutaneous, 172
pressure sores, 125
prevention, 114
quadriplegia, 124
swelling, 129
ulnar nerve injuries, 172
ulnar neuropathy, 127
VAE, 127, 128
visual, 171

cranial procedures, 41
decompressive spinal surgery, 44
EKG, 160
eyes positioning, 165
eyes protection, 115
face position, 118
foam padding, 164
foot support, 117
head, 165
head positioning, 115
ICP, 112, 113
indications, 120
infratentorial lesions, 121
Jackson table, 160, 165, 166, 170
knees, 165
log roll maneuver, 115
lumbar spinal procedure, 164
male patients, 164
midline lesions, 123
navigated instrumentation, 170
neck, 164
neuromonitoring, 130
neuronavigation, 129
operating table, 163
operating table preparation, 113
operation time and position, 44
orofacial swelling, 129
physiology, 111, 112
pre-existing tracheostomies, 39
posterior fossa and suboccipital regions, 111
preoperative assessment, 160
preoperative neck evaluation, 115
preoperative position, 119
preparations, 160
pressure sores, 116
pulse oximetry and blood pressure, 114
risk factors, 127
safety strap, 117
shoulder taping technique, 118
spinal procedures, 39–41
spinal surgery, 159
supratentorial approaches, 121
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thoracic and lumbar surgeries
decompressive surgery, 168
foam padding, 168
hemodynamic parameters, 169
lateral fluoroscopy, 168
visualization, 169

three-pronged head holder, 114
turning process, 163
types of tables, 161
unstable cervical pathology, 168
unstable thoracic/lumbar pathology, 169, 170
Wilson frame, 163

PronePositioner™, 43
Propofol, 108
Protecting Access to Care Act of 2017, 277
Pseudomeningocele, 245
Pterional approach, 91, 92
Pulmonary artery catheter, 40

Q
Quadriparesis, 34

R
Radial nerve, 258
Radicular symptoms, 57, 58, 60
Radiographic features, 176
Randomized controlled trails (RCTs), 244
Rathke’s cleft cysts, 196
Regional anesthesia, 6
Remyelination lags, 252
Retropleural thoracotomy, 35
Retrosigmoid approach, 89, 97, 199
Rhabdomyolysis, 44, 173
Rheumatoid arthritis, 39, 60
Riva-Rocci’s sphygmomanometer, 5

S
Salivary gland, 43
Schwann cells, 252
Sciatic nerve, 259
Scoliosis surgery, 54
Seizure prophylaxis, 233
Semisupine position, 104
Semmes-Murphey Neurosurgery, 15
Separation surgery, 186
Sevoflurane, 108
Sialadenitis, 105
Sitting position

advantages, 83, 138
anesthesia and monitoring, 138
arterial monitoring, 85
complications

air embolism, 139
ergonomics and learning curve, 140
face and tongue swelling, 139
ischemia, 87
peripheral neuropathies, 87, 139

postoperative quadriplegia, 87
quadriplegia, 139
tension pneumocephalus, 87
venous air embolism, 86, 87

cranial procedures, 32–34
craniotomy, 86
echocardiography, 31
Mayfield head holder, 85
neurosurgery, 31, 85
neurosurgical procedures, 137
patient position, 137
spinal procedures, 31, 32, 138
supplementary monitoring, 33

Skull base tumors, 194
Social Security Act, 269
Somatosensory-evoked potentials, 39
Space-occupying lesions, 43
Spheno-orbital meningioma, 197
Spinal column tumors, 176–183
Spinal cord compression, 60
Spinal cord injury (SCI), 40, 242
Spinal optimal surgical position

ergonomic position, 134
goals, 133
kyphosis, 134
lumbar spine, 134
patient-specific positioning limitations, 133
positioning-related morbidity, 133
pressure/epidural venous distention, 134
spinal surgery, 133
susceptibility, 134
team-based approach, 133
ulnar nerve, 134

Spinal surgery, 67
Spine, 153, 154
Spine procedures

lumbar disc surgery, 12
prone position, 11–12

Spine surgery, 139, 142, 145, 211, 245, 246
Spine Trauma Study Group Subaxial Cervical Spine 

Injury classification (SLIC), 59–60
Spondylosis, 107
Standard of care

aspirational policies and procedures, 269
brachial plexus injury, 271
cardiac surgical procedures, 270
cardiovascular and thoracic surgeons, 271
defendant anesthesiologist, 269
federal health care program guidelines, 269
gynecological surgery, 271
heart transplant surgery, 270
locality rule, 268
maxillofacial procedure, 269
medical community, 268
medical testimony, 268
national/regional, 268
padding materials, 270
patient positioning, 269
patient’s extremities, 270
perioperative peripheral neuropathies, 270
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physicians, 268
plaintiffs, 269
Tennessee statute, 268
tort law, 268
ulnar nerve and brachial plexus nerves, 270
upper extremities, 270

Stereotactic radiosurgery, 185
Sterility, 77
Sternal abnormality, 54
Subaxial spine, 59
Subdural hematoma evacuations, 30
Suboccipital craniotomy, 13, 200
Succinylcholine, 234
Supine hypotensive syndrome, 226
Supine position

advantages, 141
anesthesia and monitoring, 141
anterior and anterolateral approaches, 83
anterior cervical exposure, 141
arm boards, 84
complications, 29, 85, 86
cranial procedures, 29–31
disadvantages and complications

neck positioning, 142
patient anatomy, 142
peripheral nerve injuries, 142
venous congestion, 142
visualization, 141

fluoroscopy, 141
headrests, 84
legs, 84
navigation captor device, 84
neck, 141
neurological complications, 84
patient positioning, 140
skull base approaches, 83
Skytron Jackson table, 84
spinal procedures, 27–29

Supracerebellar infratentorial approach, 118, 124
Supraorbital keyhole approach, 93
Supraorbital orbito-zygomatic approach, 92
Supratentorial approaches, 121
Supratentorial brain tumors, 198
Surgeon’s positioning, 70
Surgical checklists, 77, 78
Surgical management of spinal tumors, 175
Surgical positioning, see Positioning-related 

complications
Surgical site infections, 74
Syringomyelia, 61, 62

T
Tables types

Jackson table, 161
Skytron tables, 161
Wilson frame, 162

Tectorial membrane, 57
Temporal/subtemporal approach, 94
Tension pneumocephalus, 34

Thermal homeostasis, 206
Thoracic and lumbar surgeries, 168, 169
Thoracolumbar, 149, 153, 155, 156, 161
Thoraco-lumbar classification (TLICS), 60
Thoraco-lumbar spine fractures, 59, 60
Thoracoscopic dorsal sympathectomy, 272
Thoracotomy, 216
Tocolysis, 234
Tort reform, 265, 277
Transcallosal approach, 94
Transesophageal echocardiography (TEE), 138
Transforaminal lumbar interbody fusions (TLIFs), 161, 169
Transnasal and trans-sphenoidal approaches, 95
Transnasal approach, 96
Transoral approaches, 95, 96
Transoral odontoidectomy, 30
Trans-sphenoidal approaches, 196
Transverse ligament (TAL), 59
Trash management, 77
Traumatic brain injury (TBI), 242, 245
Trendelenburg movement, 195
Trendelenburg positioning, 88

U
Ulnar cubital syndrome, 270
Ulnar nerve, 253–255
Ulnar nerve injuries, 172
Ulnar nerve lesion, 270
Ulnar neuropathies, 52, 251
Upper cervical spine, 57
Upper extremity, PPNI

axillary nerve, 258
brachial plexus, 255–257
long thoracic nerve, 258
median nerve, 257–258
musculocutaneous nerve, 258, 259
radial nerve, 258
ulnar nerve, 253–255

V
Vancomycin, 233
Vascular compression, 242
Vasogenic edema, 246
Velcro straps, 104
Venous air embolism (VAE), 14, 31, 55, 127, 128
Venous occlusion, 54
Venous thromboembolism, 224
Ventilation and cardiopulmonary function, 219
Ventriculo-atrial shunt, 55
Ventriculo-peritoneal shunts prone, 54
Ventriculostomy, 209, 245
Visual Analogue Scale (VAS), 107
Visual complications, 171

W
Weinstein-Boriani-Biagini (WBB), 177
Wilson frame, 160, 162–164, 168, 220
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