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| Rosemary Hickey

| Case Synopsis

i bances, and urinary incontinence.
 depressed consciousness and papilledema, T;
| large frontal mass consistent with a meningioma,

) PROBLEM ANALYSIS

§ Definition

Changes in ICP that occur with changes in intracranial
Yolume can be described by the intracranial elastance curve
F(Fig. 174-1). The shape of the curve ma i

Volume addeq —»

1 ~ Intracraniai elastance curve, A, Normal elastance,
astance (small increase i intracranial pressure [ICP] with
Hng intracranial volumey), C. Poor elastance {large ICP increase

 Intracranial Hypertension

' A 64-year-old man presents with progressive personality changes,

memory distur-

The physical eXamination js remarkable for
he computed tomography scan reveals a

Recognition

The signs and symptoms most frequently associated with
intracranial hypertension include headache, nausea,

vomit-
ing, papiiledema, unilateral pupillary dilatation,

and ocujo-

of intracranial hypertension,

Headache is typically present on awakening, or jt may
awaken the patient from sleep. It is related 1o traction and
distortion of Pain-sensitive cerebral blood vessels and the
dura mater, Vomiting may be due to direct stimulation of the
vomiting centers by local compression. Papilledema s the
only reliable Sign of an increase in |CP although i

scanning, magnetic Tesonance imaging, or angiography pro-
vides indirect evidence of elevated ICP, These studies may
reveal a mass lesion accompanied by a midline shif; of at Jeast

Risk Assessment

The three major mechanisms of increased ICP are (1) increased
intracranial volumpe due to an intracerebra] mass lesion (e.g.,
tumor, massive infarction, trauma, hemorrhage, abscess),
extracerebral mass lesion (¢.g., tumor, hematoma, abscess),
or acute brain swelling (e.g., anoxic states, acute hepatic

failure, hypertensive encephalopathy, Reye’s syndrome);
(2) high venous pressure resulting from heart failure,
rior mediastinal obstruction, or cerebral or jugular v
obstruction, which increases blood volume int
and dural sinuses and may interfere with CSF
and (3) obstruction to the flow (hydrocephaius)
tion (pseudotumor cerebri) of CSE

supe-
enous
he pial veins
absorption;

or absorp-
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Implications

The danger of intracranial hypertension lies in the potential
for cerebral ischemia and herniation of brain tissue. If ICP,
either locally or globally, reaches levels exceeding mean arte-
rial pressure, cerebral ischemia will develop. Cerebral perfu-
sion pressure is calculated as mean arterial pressure minus
ICP. The likelihood of permanent tissue damage from cerebral
ischemia depends on the severity and duration of the
ischemia. If ICP is sufficiently high to obstruct venous outflow
from the brain, arterial inflow also may be compromised.

Brain herniation can occur around any fixed structure
in the skull. in open head trauma, injured brain may herni-
ate through the fractured skull. In the intact skull, herniation
sites include the falx cerebri, under which the cingulate
gyrus of the frontal lobe can herniate; temporal lobe (uncal)
herniation through the tentorium cerebri; and classic herni-
ation of the cerebellum through the foramen magnum,
compressing the medulla and resulting in cardiovascular
and respiratory collapse.

MANAGEMENT

Therapeutic interventions to lower elevated ICP are catego-
rized according to its intracranial determinant (Table 174-1),
Parenchymal volume may be reduced in several ways.
Mannitol results in an osmotic reduction of brain water con-
tent. It may also improve blood rheology and microcircula-
tory flow. Loop diuretics (furosemide) provide intracranial
decompression through a diuresis-mediated brain dehydra-
tion, reduced CSF formation, and resolution of cerebral
edema via improved cellular water transport. Corticosteroids
reduce peritumoral edema but are not useful for treating
intracranial hypertension secondary to head trauma.
Surgical excision of mass lesions reduces the volume of the
intracranial space occupied by parenchymal components
and thus improves intracranial elastance. Techniques to
reduce CSF volume include ventricular or lumbar puncture,
drains, and shunts, Cerebral blood flow and volume and ICP
are reduced by hyperventilation; however, such a reduction
in cerebral blood flow may be poorly tolerated.

lable 174-1 » Determinants of intracranial Pressure and Therapeutic Techniques to Lower [t

- Determinant . : 12+ Therapeutic Intervention

Jugular venous oxygen saturation monitoring s
guide the level of hyperventilation in head trauma, v;
greater than 75% indicate hyperemia, so induced vaso
striction associated with hyperventilation may be vajyqg
values less than 50% indicate cerebral ischemia, so afep
to induce further cerebral vasoconstriction may be harmy
Measurement of brain tissue oxygen tension cap
provide information about the safety of hyperventilay
Some intravenous anesthetic drugs (e.g., lidocaine, thiong
tal, etomidate, propofol) are beneficial for decreasing It
A continuous infusion of propofol combined with a low- 4
inhalational agent is another useful anesthetic technjod
Venous drainage is maximized by keeping the head elevat
15 to 30 degrees, but without excessive rotation or flexion 3

s
=y

PREVENTION 3

,.
Prevention of intracranial hypertension centers on avoidig
factors that are known to increase ICP. Intravenous fluid
management is directed toward achieving a euvolemic staig
Therapy should aveid the use of intravenous solutions thil
decrease plasma osmolality (5% dextrose in water, 0,454
sodium chloride, lactated Ringer's solution). The factor §
administered fluid that most affects brain edema is tf§
osmolality. An acute drop in osmolality affects brain wal§
content and ICP more than an acute drop in onco
pressure. Glucose-containing solutions are avoided becaw
hyperglycemia may aggravate ischemic brain injury. :

Other factors that increase ICP and should be avoide§
include compression of jugular veins by improper he
positioning, coughing and straining on the endotrachedf
tube, seizure activity, hypercarbia, and hypoxia. Inc
body temperature raises cerebral metabolic oxygen consump#
tion and should be avoided. Volatile anesthetic agents maf
cause an increase in cerebral blood flow, cerebral bloa
volume, and ICP. In the presence of intracranial hypertensiof§
these agents should be used in moderation and in combind¥
tion with hyperventilation and intravenous anesthetics
favorable effects on ICP (e.g., thiopental, etomidate, prod
pofol, fentanyl). If used at a minimum alveolar concentrsd
tion (MAC) of 1.2 in combination with hyperventilation

Medhanism : Duratlon of E

Volurme of parenchyma Mannitol infusion
Corticosteroids

Excision of mass

Cranisctomy

Ventricular or lumbar puncture
Ventriculostomy or lumbar drain
Ventricular or lumbar shunt
Hyperventilation

Cerebrospinal fluid volume

Cerebral blood volume

Barbiturates

Hours to days
Days to weeks 4

Osmotic reduction of brain water content
Reduction of peritumoral or
peri-inflammatory edema

Volume reduction Indefinite

Increased craniospinal compliance Indefinite

Volume reduction Hours

Volume reduction Days

Volume reduction Indefinite

Cerebral vasoconstriction due Lo Hours
decreased Pco,

Cerebral vasoconstriction Hours to days

Revised from Broaddus WL, Dielashaw B, Park T5: Anatomic, physivlogic, and neurosurgical considerations in nevroanesthesia. In Sperry R), Stin JA, Stone D] feds):

Manual of Neuroanesthesia, Toronto, BC Decker, 1989,
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desflurane and isoflurane have similar effects on cerebral per-
fusion pressure, mean arterial pressure, and lumbar CSF
pressure. Nitrous oxide is cerebrostimulatory and increases
cerebral blood flow and cerebral metabolic OXygen consump-
tion, especially when combined with volatile anesthetics. Use
of nitrous oxide should be avoided with pneumocephalus
(e.g-» recent craniotomy)} because of its potential to diffuse
into and expand intracranial and other air-containing spaces.
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Venous Air Embolism A

Jennifer E. Souders and Maurice S. Albin

Case Synopses
Gravitational Pressure Gradient of 7.5 cm H,0

During a repeat lJumbar laminectomy in the prone position with an orthopedic
frame, a 55-year-old man suddenly develops severe hypotension, rapidly goes into
electromechanical dissociation, has cardiac arrest, and cannot be resuscitated after

1 hour of effort.
Gravitational Pressure Gradient of 20 am H,0

A. 42-year-old woman with acromegaly secondary to pituitary adenoma undergoes
transsphenoidal resection of the tumor in the semisitting position (head elevated
30 degrees). Severe hypotension (60 mm Hg systolic) occurs when surgical manipula-

tions are carried out in the area of the sella.

PROBLEM ANALYSIS

Definition

Air can enter the venous circulation when there is a negative
gravitational gradient between the right atrium and the upper
area of incision or the air’s point of entrance. Albin and
coworkers reported that a 5 cm H,O gravitational gradient
was sufficient to entrain air in a neurosurgical case. The entry
of a bolus of 100 mL of air into the venous circulation can be
fatal, and it has been calculated that this amount of air can
pass through a 14-gauge needle with a gradient of 5 cm H,0
in a matter of seconds. Factors modifying air entrainment
include body position, depth of ventilation, volume of air
entering the vessel, rate of gaseous entry, and composition and
concentration of gases in the inhaled anesthetic mixture.
Animal studies and human cases have shown that the transpul-
monary passage of air can occur without a patent foramen
ovale. Reduced central venous pressure due to a contracted
blood volume or hemorrhagic hypovolemia, or decreased
intrathoracic pressure due to the use of a table or frame to
reduce abdominal compression, can help increase the gravita-
tional pressure gradient and enhance the entrainment of air,
The fate of entrained air is illustrated in Figure 175-1.In
the first case synopsis, the gravitational gradient was proba-
bly less than 7.5 cm H,O but was enhanced by blood loss and
use of an orthopedic frame, which reduced abdominal pres-
sure, allowing the development of negative intrathoracic
pressure with expiration. Because 50% nitrous oxide (N,0)
was used, this increased the air bubble size by a factor of
about two.! Autopsy revealed air in the coronary vessels,
heart, spinal cord, and cerebral and mesenteric vessels,
despite a non-probe-patent foramen ovale.
In the second case synopsis, more than 150 mL of air was
aspirated from the central line after the hypotensive episode.
The gravitational pressure gradient was at Jeast 20 cm H,0,

‘Increased gas bubble volume with N,O is approximated as
100/(100 - FiN,O} = 100/{100 - 50) = 2.
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and the air bubble volume was approximately douty
because 50% N,O again was used. Postoperatively, a ta
netium Jung scan revealed a peripheral decortication pat :
in the posterosuperior portion of the right and left lung f
and an abrupt decrease in perfusion to the right middle
all due to the entrance of air into the pulmonary system, @
These cases show that venous air embolism (VAE) 3
occur in any position, as long as a pressure gradient aligh
the ingress of air between the procedural area and the hi§
(Table 175-1). Evidence has accumulated that VAE is
from rare in patients undergoing procedures in the pra
position, especially spinal procedures; there have been
least 22 cases reported, with a total of 13 deaths, 10 of wh
were in the pediatric age group. In addition to neurosurgel
VAE has been reported with virtually all surgeries M
endoscopy. It also occurs with catheterization for cardiac]
central vascular access, arteriovenous shunts, and it

venous infusions and transfusion therapy. __

Recognition

Physical signs and symptoms include gasping respiration §
spontaneously breathing patients, increased central vend
and pulmonary artery pressures, cardiac arrhythmias, &

trocardiographic (ECG) changes, hypotension, abnormal
sounds, changes in heart rate, decreased peripheral resistad
reduced cardiac output, cyanosis, a mili-wheel murmur, -
cardiac arrest. Increased pulmonary artery pressure is &

most prominent physical sign of VAE during controlled ve
tilation, irrespective of the volume or rate of air entrainmes
The more rapidly air enters the pulmonary circulation,
maore rapidly and severely the pulmonary artery pressure "
rise. If it rises dramatically over the systemic pressure, a righi
to-left shunt can occur through a septal defect (ie., pab
foramen ovale) and cause paradoxical embolism of air io%
the left heart. ECG changes with air embolism are quite val§
able and include tachyarrhythmias, varying degrees of st
oventricular block, right ventricular strain, and ST segme§
changes. Very large volumes of entrained air may cause sud§
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Air
j Veins
| sinuses
Right atium
Large Pulmonary Reverse
bolus artery transatrial
J_ gradient
Air lock ] = PFQ
Putmonary Vented
capillaries
Lefl heart? Loft heart
Decreased Lungs
venous
return Brain Coronaries Brain Coronaries
Figure 175-1 . Fate of entrained air after venous air embolism. PFO, patent foramen ovale,

severely increased right ventricular afterload that the right
wentricle becomes ischemic and fails acutely. Right heart fail-
ure is the primary cause of acute hypotension, reduced
cardiac cutput, and cardiac arrest after massive air embolism.
mill-wheel murmur indicates that a significant volume of
ir has entered the right heart chambers. If so, cardiac arrest
gnay be imminent. Air causes this churning sound and is one
of the Jast signs observed.

Besides physical signs and symptoms, the other meth-
bds for detecting intraoperative air embolism, in order of
nsitivity, are transesophageal echocardiography (TEE),
precordial Doppler ultrasonography, end-tidal carbon diox-
e (CO;), pulmonary artery catheter, pulse oximetry, and
girect observation of the surgical site, TEE can detect both
ous and paradoxical embolism consisting of as little as
9.02 mL/kg of air. However, it is expensive and may be inac-
essible in some surgical locations; it has no audible alarms
nd may be difficult for solo practitioners to use when they
Te occupied with urgent patient care duties. A well-posi-
joned precordial Doppler probe detects 0.05 mLkg of
Bitravascular air, is noninvasive, and alerts both the anesthe-
ologist and the surgeon simultaneously, As mentioned ear-
T, although pulmonary artery catheters can show early and

.r

Lile 17541 @ Incidence of Air Embaolisim in Neurosurgery by Position

prominent signs of air embolism, they are highly invasive
and less sensitive than precordial Doppler.

A sudden reduction in end-tidal CO, concentration is
the most convenient and widely used noninvasive method
for detecting air embolism. The magnitude and duration of
the decrease in end-tidal CO, correlate positively with the
volume of air entrained, and detection is possible during any
general anesthetic. In contrast, pulse oximetry is relatively
insensitive, because decreases in arterial oxygen saturation
often occur late with a decrease in arterial oxygen tension.
Further, the surgical field is often overlooked. Especially in
high-risk surgery, it may be easy to see whether there is a Jack
of venous oozing, indicating subatmospheric venous pres-
sure. In high-risk procedures, combined precordial Doppler
ultrasonography and end-tidal CO, monitoring should be
used. Doppler tone activation and reduced end-tidal CO,
signal air entrainment. VAE is confirmed if gas bubbles can
be aspirated from a central line.

Risk Assessment

The incidence of VAE is uncertain, largely because the crite-
ria for VAE vary. Nevertheless, we have a general idea about

ot _‘ e _"f 1 o _-t_-:.. ! 1 p;. e E,n i '}I:ﬁ-.. ‘-'-'3‘:'!' ur_l-" £t | i .,I_- II. .'::._'.'-F-Zt:'_r-'fl;_.'._"_\. L e
g, SRR PO Rt e e, D R RS
No. of Patients No. & 57 %407 Alr Aspleated (mL) -, Gradient (om H,0)
400 100 25.0 2-500 20-65
60 51 8.3 3-200 518
48 n 14.6 2-150 5-18
- 10 1t 10.0 45 7.5
518 113 21.8

L *Two cases of tic douloureux, two cases of hemifacial spasm, one case of tumor.

B¢ the paticnt was in the supine position, before being put in the sitting position),
Ependymuma of the spinal cord.

tee cases of transsphenoidal hypophysectomy, three cases of intracranial tumor, one case of tic douloureux (air was detected after reapplication of the pinhead holder

™ Allin MS, Carroll RG, Maroon JC: Clinical considerations concerning detection of air embalism. Neurosurgesy 3:380.384. 1978
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the incidence of VAE and the associated morbidity and mor-
tality rates for neurosurgical procedures performed with the
patient in the sitting position. The overall incidence is about
25%, ranging from 2% to 60%. In 10 studies of more than
5000 patients, the mortality rate did not exceed 1% in any
individual report. Morbidity data, even in neurosurgical sit-
ting cases, are more difficult to ascertain, Albin and coworkers
reported 100 cases of VAE in 400 patients operated on in the
sitting position. These patients were considered to have VAE
only if both Doppler activation and visual aspiration of air
from a central line occurred. Under these conditions,
25 of the 100 patients with recognized VAE developed sym p-
toms ranging from severe hypotension to cardiac arrest.
Paradoxical air embolism (air entering the left side of the
heart via a patent foramen ovale or transpulmonary pas-
sage) caused significant mortality in the small number of
cases reported. Somewhat surprisingly, most VAE-related
mortality appears to occur in non-neurosurgical cases, pos-
sibly because anesthetists fail to appreciate that it can occur
in these cases and the patient is not monitored adequately
for VAE. Adding to this lack of appreciation is the medicolegal
“fear factor,” which likely leads to underreporting of VAE in
the medical literature. There is a significant risk of VAE in
€esarean section, spinal surgery, and total hip arthroplasty.

Implications

Because of coalescence and filming of bubbles at the blood-
bubble interface, the passage of air into the right atrium can
impede or even halt venous return to the right side of the
heart. The consequences are hypotension, arrhythmias, and
even circulatory arrest, because cardiac output can be
severely compromised. The occurrence of an “airlock” in the
right ventricle has been postulated as the cause for hemody-
namic collapse with massive VAE. However, more recent
studies indicate that right ventricular dysfunction is more
likely the result of an acute increase in afterload. Continuous
entrainment and passage of large volumes of air may lead to
the inability of the lungs to adequately vent air from the
pulmonary circulation. This results in the liberation of
vasoactive substances from the blood-air interface, leading
to pulmonary perfusion deficits.

Ventilation-perfusion inhomogeneity is due to the
redistribution of pulmonary perfusion. Areas of dead space
and high ventilation-perfusion ratios reduce end-tidal CO,
and increase arterial CO, tension. Hypoxia results from
altered intrapulmonary shunt, mixed venous oxygen satura-
tion, and redistribution of pulmonary blood flow to regions
that are relatively overperfused and underventilated (low
ventilation-perfusion ratio}). These ventilation-perfusion
defects can be variable, because the distribution of air in the
pulmonary vessels is a function of both buoyancy and regional
pulmonary perfusion. Although ventilation-perfusion
inhomogeneities may resolve in as little as 30 minutes after
VAE, they can also become progressively worse as a result of
the inflammatory response to air in the vascular space.
Continuous entrainment of large volumes of air can lead to
progressive pulmonary compromise, pulmonary capillary
leak, and acute respiratory distress syndrome. Such volumes
of air may also reach or exceed the thresheld for transpul-
monary passage of air, so that it enters the left side of the

heart and coronary sinuses and moves into the brain,
can lead to coronary occlusion and cardiac arr,
as well as cerebral air embolization, with stroke and asspeih
ated dysfunction. :

MANAGEMENT AND PREVENTION

Given the severity of VAE sequelae, prevention and ead
detection are far preferable to management after the fact, ThE
key to preventing VAE is a greater appreciation of risk factg
Patients who will undergo procedures in which a gravitationy
gradient will be present, blood loss may be significant, or tha
surgical site is in a highly vascular area are predisposed 1o 55
entrainment and VAE. Good examples from the literatumg
include radical retropubic prostatectomy and repeat lumbag
or thoracic laminectomies in the prone position. F
Monitoring for VAE shouid include ECG, blood press
sure, pulse oximeter, end-tidal CO,, precordial Doppler, ar
a multiorificed catheter with its tip 1 to 2 cm past the juncd
tion of the right atrium and superior vena cava (Fig. 175-2)3
Although the last is important for treatrnent, the ability t
aspirate air from this catheter leaves no doubt about thai
diagnosis. Further, the transducer of the right atrial cathet
can be placed at the level of the surgical site to determind
whether a negative pressure gradient exists. In patientgs
thought to be at risk for VAE and in whom invasive monitopd
ing is contemplated, the use of an indwelling catheter I"_'
arterial blood gas and pressure monitoring is also advised, &

200-
FAP (torr)

0
RAP {torr)

5.

25-

o
PAP (torr)

-

) |l"-'-|i‘ﬂdlu“_--a0'~'1 Bl valeg e

ECG

Doppler

=
i ot

g

Figure 175-2 « Monitoring for venous air embolism. ECG, clectrocar- 't
diogram; ETCO,, end-tidal CO,; FAP, femoral artery pressure; PAP, !
pulmonary artery pressure; RAP, right atrial pressure.
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Preventive measures for VAE are few and may be con-
traindicated in certain patients. Hydration can be used to
decrease the pressure gradient between the right heart and
the surgical site, provided the patient can tolerate increased
right ventricular preload. Many patients with intracranial
pathology are not suitable candidates. Although the use of
positive end-expiratory pressure to increase intrathoracic

ressure has been proposed, it may increase right ventricular
preload and is also controversial because it may increase the
transatrial gradient and open a patent foramen ovale, thus
allowing air to egress into the left heart and brain. For
intracranial surgery, bilateral manual jugular venous com-
pression temporarily elevates cerebral venous pressure,
thereby preventing ongoing cerebral air embolism; it may
also help localize the source. This maneuver is safe and effec-
tive, but only if applied gently and transiently in patients
without preexisting carotid artery disease.
With Doppler activation, a decrease in end-tidal CO;, or
Mhoth, the central line must be aspirated immediately (using a
§50-mL syringe attached to a stopcock). A delay of even 2 few
bieconds might allow the entrance of large volumes of air.
At the same time, inspired N;O or air should be replaced
fwith 100% oxygen, and the surgeons should be notified to
flood the field with water and look for any open veins. Any
pesulting hypotension or cardiac arrhythmias should be
hreated symptomatically with positive inotropes and
yasopressors to improve contractility and support the circu-

tion. Epinephrine is the drug of choice for resuscitation
fom massive VAE. If recovery to pre-VAE physiologic levels
Bloes not occur in a very short time, or if air continues to be
Bpirated, the patient should be returned to a position in
which there is no gradient present.
I In the event VAE is suspected and the patient remains
fomatose after surgery or has a neurologic deficit that is
hought to be unrelated to the surgical procedure, neurclogy
neurosurgery consultation is in order, and magnetic
Besonance imaging should be performed to diagnose the
Bresence of intra-axial air. If air is visualized, a course of
Eyperbaric oxygen therapy should be considered.
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Posterior Fossa Surgery

Donald S. Prough and Eric Bedell

Case Synopsis

A 28-year-old woman undergoes posterior fossa craniotomy for removal of a brainstem
tumor. Preoperative symptoms included headache, facial asymmetry, and difficulty swal-
lowing. The intraoperative course is complicated by periods of bradycardia sufficient to
reduce blood pressure and a brief episode of asystole. At the conclusion of the case, the
patient opens her eyes and follows simple commands, but she has no spontaneous

respiratory efforts and only a weak cough and gag.

PROBLEM ANALYSIS

Definition

The most important aspect of posterior fossa surgery is loca-
tion. A review of posterior fossa anatomy demonstrates that
lesions, stimulation, or damage to small areas associated
with the brainstem or cerebellum can profoundly influence
the operative course and long-term outcome of neurosurgical
patients.

Anatomically, the posterior fossa is defined posteriorly
by the occipital bone; laterally by the occipital, temporal
(petrous and mastoid portions), and parietal (posteroinfe-
rior angle) bones; anteriorly by the sphenoid (clivus), tem-
poral (petrous), and occipital {clivus) bones; superiorly by
the tentorium cercbelli; and inferiorly by the foramen
magnum. Important structures located within the posterior
fossa include the cerebellum, cerebral aqueduct, fourth
ventricle, midbrain, pons, medulia, and proximal spinal
cord. Located within these structures are the nuclei for all
cranial nerves and important afferent and efferent tracts.

The oculomotor nerve (3rd cranial nerve) originates in
the rostral midbrain, acquires parasympathetic fibers from
the Edinger-Westphal nucleus, and courses ventraily
through the midbrain. The trochlear nerve (4th cranial
nerve) arises from the contralateral caudal midbrain and
decussates before traveling ventrally. Other midbrain struc-
tures include the corticospinal and corticobulbar tracts,
substantia nigra, red nuclei, and decussation of the superior
cerebellar peduncles. The pons contains the nuclei for the
trigeminal (5th), abducens (6th), facial (7th), and auditory
(8th) cranial nerves. The medulla contains the remaining
cranial nerves: glossopharyngeal (9th), vagus (10th), spinal
accessory (11th), and hypoglossal (12th). The medulla also
contains the decussation of the corticospinal tracts ventrally

and the inferior cercbellar peduncles posteriorly.

From the perspective of intraoperative and postopera-
tive management, one of the most important considerations
is that critical respiratory and cardiovascular control centers
reside in the brainstem. [nvoluniary respiratory control is 2
complex process involving multiple structures, including the
pneumotaxic center (upper pons), which is involved in the
transition from inspiration to exhalation; the apncustic
center (lower pons), which is involved in the control of
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inspiration; and the medullary respiratory center (do

and ventral respiratory groups), which influences both*s
inspiration and exhalation and coordinates those functions ¢
with extracranial nerve input. Vasomotor and cardiac centerg
located predominantly in the medulla, powerfully influeng :
resting vascular tone, blood pressure, and heart rate. .
Lesions of the posterior fossa can generate diffuse op.
localized signs and symptoms, depending on the structurq
where the lesions arc located or the structures compressed by {28

mass lesions. A small lesion impinging on the cercbral LI
duct may result in obstructive hydrocephalus (producingy
symptoms such as headache and altered mental statue)i 8
Similarly, a small lesion located in the laterai pons may result 48
in isolated cranial nerve dysfunction. Therefore, important*§
clinical data include the anatomic location of any posterior
fossa lesion and the presence and magnitude of associatedsy
neurologic or systemic compromise. I
Intraoperative stimulation, retraction, or damage ta
structures located within the posterior fossa may activale grag
inhibit nearby nuclei, leading to rapid and dramatic systemic s
responses. Intraoperative damage to adjacent structures map
result in postoperative alterations in neuronal functio
(either activation or inhibition), leading t0 a wide array ofig
clinical problems for postsurgical patients and for those
providing postoperative care. i
The typical presentation of complications related w
postoperative edema or bleeding may differ in important/gh
respects from that seen after supratentorial surgery. Ini§
general, supratentorial lesions lead to a rostral-to-caudals
progression of signs and symptoms. This progression mafe8
include headache, mental status changes, respiratory alters$
ations, pupillary and oculomotor changes, hemodyna L)
changes, and, finally, motor abnormalities. In posterior fosst{8
lesions, deterioration may be rapid, may fail to demonstrates
a pattern of deterioration, and may present with localized 8
cranial or brainstem deficits. ‘I
Finally, the surgical approach to the pasterior fossd g
must be considered. The three general approaches are sit-
ting, prone, and lateral (either routine or exaggerated, such
as the three-quarter prone-park bench position). Eacksd
position has its own risks and benefits and will influence’i
anesthetic management. Because of the significant risk of
venous air entrainment (as high as 30%), posterior fossa g
craniotomies in the sitting position are being pcrl'urmed'lﬁ‘ #
frequently. However, even with harizontal positioning 3
e

*
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venous air embolism-~with the attendant risk of cardiovas-
k. cular collapse and paradoxical air embolism—is a possibility
L that should be considered in all posterior fossa surgery lalso
d sec Chapiers 168 and 175).

: Recognition

- Special care is required when evaluating and managing
 paticnts with posterior fossa lesions. Mass Jesions located
L within the posterior fossa or that compress posterior fossa
 structures can generate diffuse or localized signs and symp-
i joms. A thorough preoperative evaluation, with attention to
b signs and symptoms produced by such lesions, is mandatory.
F Intraoperatively, vigilance for signs and symptoms of passi-
 ble stimulation of or damage to critical portions of the
E brainstem and cerebellum is paramount. This extends to the
F postoperative period as well.
& Owing to the risks of hydrocephalus, cranial nerve dys-
function, and alterations in respiratory function, extreme
‘caution must be used when administering any form of seda-
tive, hvpnotic, or analgesic medications. Even small doses of
benrodiazepines or narcotics may produce unacceptable res-
piratory depression. Thercfore, they should be administered
fonly when patients are directly monitared. For lesions
finvolving the puns and medulla, airway maintenance and
Fproteciive reflexes may be impaired by bulbar dyvsfunction,
making aspiration and airway compromise a significant risk.
fMonitoring should include trequent evaluation of the level
ol consciousness, airway maintenance and protection, oxy-
enation te.g., pulse oximetry), ventilation (capnography),
. Weart rate, and blood pressure. The imponance of frequent
reurologic examination and assessment of ventilation and
grrdiovascular function cannot be overemphasized.
Intraoperative monitoring during posterior fossa
irgery can be complex and must be tailored to the brain
Pegions at highest risk during surgery. The cerebellum,
Bhough important for the patient’s coordination and long-
germ function, has relatively Little impact on intraoperative
esthetic management. Lesions in other areas may have
Bore intraoperative impact. They often require other tech-
iques, which can be roughly divided into (1) monitoring for
erve function and (2) monitoring for other dangerous con-
ons (.., hemodynamic instability, airway compromise,
Espiratory insufficiency).
[ntraoperative monitoring for nerve integrity and func-
b0 is ofien accomplished through provocative testing,
Pmmon techniques include somatosensory evoked poten-
#s and facial nerve monitoring. In each case, specific
nitoring modalities arc used in an attempl to assess the
£grity and function of the nerve or nerve pathways at risk.
fiese techniques often have anesthetic implications
B stable, low concentrations of potent inhalational agents
dvoid exeessive attenuation of somatosensory evoked
"entials) and thus require appropriate anesthetic manage-
0t to provide the best monitoring conditions. Eailure to
Preciate the specific monitoring needs for the proposed
BTy may result in inadequate patient monitoring and
"0plimal autcomes.
' Intragperative monitoring for hemodynamic instability
® Postoperative monitoring for neuronal dysfunction,
odynamic instability, airway compromise, or respiratory

insufficiency are important mandates for anesthesiologists.
Stimulation of or damage 1o brainstem cardiac and vasomo-
tor centers can lead to rapid and unpredictable hemodynamic
changes. Extreme heart rate and blood pressure alterations are
commeon with surgical manipulation, and rapid diagnosis
and treatment are required.

Consideration of the manner of treatment is also impor-
tant, for neurosurgeons often rely on hemodynamic changes
to guide the extent of surgical exploration. Thus, prophylactic
treatment of heart rate (i.e., with vagolytic agents) and blood
pressure is gencrally discouraged. In practice, it is more
important to recognize when a critical portion of the brain-
stem is stressed than to blunt all hemodynamic responses.

The risk of venous air embolism is also a consideration
in all posterior fossa surgery, and there should be a plan in
place for diagnosis and management. Finally, there are no
adequate intraoperative monitors for a large number of
important brainstem functions, such as airway maintenance
and protection, swallowing, and respiratory control. Thus,
anesthetic management must be planned and executed to
provide rapid and clear emergence with tight hemodynamic
control.

Close communication between the anesthesiologist and
the neurosurgeon is vital, Specifically, hemodynamic parame-
ters, expected neuronal or bulbar dysfunction, and anticipated
alterations in airway protection and respiratory function should
be discussed. Postoperative ventilatory support, intubation, or
diagnostic studies (v.g.. angiography, computed tomography,
magnetic resonance imaging) must be discussed before emer-
gence, and appropriate plans must be developed in light of
those discussions.

Risk Assessment

Knowledge of the anatomic location of the lesion of interest,
the planned surgical procedure, and the actual structures
involved in the surgery is a critical element of posterior fossa
surgery. Risk assessment is possible only after a review of the
individual patient’s history and physical examination, an
cevaluation of radiologic studies, and a discussion with the
neurosurgeon. The greatest risks are associated with tumors
directly involving the brainstem (e.g., pons and medulla),
lesions with direct involvement of the cranial nerves
required for airway maintenance and protection, lesions
involving the facial nerve, and surgeries conducted with the
patient in the sitting position. The actual events encountered
during surgery are impossible to predict, which contributes
to the challenge of providing anesthesia for neurosurgery in
general and for posterior fossa surgery in particular. At a
minimum, plans for the diagnosis and management of
hemodynamic instability, respiratory dysfunction, alier-
ations in cranial nerve function, and venous air embolism
should be made betare starting any posterior fossa surgery.

implications

The risks to patients undergoing posterior fossa surgery can
be divided into preoperative, intraoperative, and postopera-
tive complications, Before surgery, patients must be carefully
manitored, and sedative-hypnotic and analgesic drugs must
be titrated with extreme care. Intraoperative risks are
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predominantly hemodynamic instability and cardiovascular
collapse. Especially with surgery involving the pons and
medulla, extreme hemodynamic variability in heart rate and
blood pressure may result in patient instability, This instabil-
ity is usually limited 10 periods of direct surgical retraction
and manipulation, but it can be clinically important.
Hemodynamic collapse and cardiac arrest have resulied
from venous air entrainment, and both are a constant risk
during all posterior fossa (and skull base) surgery, even in
patients who are horizontally positioned. Important postop-
erative risks inciude alterations in respiratory function,
rapid development of increased posterior fossa pressure
(e.g., from hematoma formation), development of hydro-
cephalus, and alterations in cranial nerve function. Because
there are limited intraoperative methods of maonitoring for
these possibilities, rapid and clear emergence from anesthe-
sia with limited respiratory depression and tight hemody-
namic control is of primary importance and should he a
major determinant in the choice of anesthetic technique.

MANAGEMENT

A full understanding of the patient’s condition and antici-
pated surgical requirements represents an importam part of
management. Failure to understand the specific location and
effect of the posterior fossa lesion severcly limits the dehivery
of optimal therapy. Support and protection of oxygenation
and ventilation should be the primary focus when maniging
complications associated with posterior fossa SUrgery.
Hemodynamic monitoring and modification of heart rate
and blood pressure through the use of vasoactive medications

fable 176-1 = Postoperative Qutcomes Not Affected by Position

are common requirements during posterior fossy surgecll
However, remember that prophylactic treatmen of hes
rate and blood pressure is not indicated, because the Surga
often depends on the development of hemodynamje alt
ations to guide ongoing surgery.

Postoperatively, to determine the need for Ong
monitoring and support, all cranial nerve and brainsts
functions associated with the site of surgery shouig
specifically evaluated once the patient is awake. Thig requig
that the anesthetic technique permit neurologic exami
tion at the conclusion of surgery, preferably in the Opcratings
room before transport to the intensive care unit, T

Black and coworkers reported their experience with 5798
posterior fossa craniotomics performed in 198] throuphX
1984. During this period, the number of SIIInG positigel
craniotomies performed at the Mayo Clinic markegs
decreased, while the number of horizontal POsItion crg
iotomies markedly increased. Overall, there were no sign
cant differences in mortality or other pustoperati
outcomes between patients undcrgoing SUrgery n the
posttions {Table 176-1). The incidence of important complls: i
cations was substantial after surgery in cither posinon, ..

The time course and presenting signs and symploms g
posterior fossa deterioration may be different from the
associated with supratentorial surgery. With supritentorial
lesions, deterioration (usually due to an expanding mass od¥
hvdrocephalus) generally progresses over time, so serial-S
monitoring is appropriate. For pasterior fossa surgery, rap
localized deterioration may occur, leading to a {oss of bulbg
funcuion, respiratory arrest, or hemodynamic collapse. Thug
vigilance and a high index of suspicion must be maintained 8
into the postoperative period. S

Sitting (N = 333) Horizontal (N = 246)
Outcome No. % Na. %
Mental status deteriorated 14 4 9 4
Mental status improved 7 2 12 5
Eye injury 8 2 12 5
Seizures 6 2 2 1
Motor deficit new or worse 17 5 16 &
Motor deficit improved 29 9 9 4
Sensory deficit new or worse 6 2 5 2
Sensory deficit improved 19 6 4 2
Complete loss of facial nerve function 23 7 26 1
Perioperative myocardial infarction ] 03 4 1.6
Respiratory complications 7 2 8 3
Coma (>1 wk) 6 2 3 1
Cerebrovascular accident B 2 8 3
Congestive heart failure 1 0.3 o
Hemodynamic instability 5 1.5 10 4
Pulmonary embolus 0 2 i
Re-exploration for bleeding 6 1.8 6 2.4
Re-exploration for infection 2 0.6 2 0.8
Acute mortality {within 30 days) 9 2.7 5 2
Quadriparesis 0 0
Symptomatic pneurnocephalus 0 0
Peripheral nerve injury 0 ¢
Laryngeal or lingual edema 0 0

From Black S, Ockert D, Oliver WO I, Cucehiara E Outemie fillow NE PRYREOTHens craricctomy i panerts i the sitking or borronra positons: Anesthesiology

69:49-56, 1948.
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£ PREVENTION

Carcful evaluation of the patient and discussion with the
§ surgeon about location, impact, and proposed surgical
g approach are required for the optimal management of
paticnts undergoing posterior fossa surgery. Anticipation of
= the more common severe complications, such as postopera-
P tive venous air embolism and airway or respiratory dysfunc-
E tion, is a critical part of anesthetic management, as is
b recogmition of the need for specialized monitoring tech-
nigues. Although serions complications associated with pos-
terior fossa surgery are uncommon with current surgical
. procedures, a high index of suspicion and constant vigilance
 are the most important aspects of perioperative care.

Further Reading
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5th ed. 51 Louis, Moshy-Year Book, 2002,
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Pituitary Tumors:
Diabetes Insipidus

Melissa A. Laxton and Patricia H. Petrozza

Case Synopsis
A 58-year-old man undergoes transsphenoidal hypophysect

prolactin-secreting pituitary adenoma with suprasellar extension. Ten hours after

4t

omy for resection of a

surgery, urine output exceeds 3 L/hour, and the serum sedium level is 150 mEq/L.

PROBLEM ANALYSIS

Definition

Diabetes insipidus is a syndrome characterized by polyuria,
thirst, and polydipsia triggered by plasma hyperosmolarity.
Neurogenic diabetes insipidus results from insufficient antidi-
uretic hormone (ADH} secretion, secondary to damage to
the hypothalamic-neurohypophysial axis. Loss of approxi-
mately 75% of ADH-secreting neurons is needed for the
development of clinically relevant polyuria. In contrast,
nephrogenic diabetes insipidus is characterized by renal resis-
tance to the action of ADH.

An absolute deficiency of ADH results in impaired
urine concentrating ability, polyuria, and a tendency toward
dehydration. Most patients have incomplete neurogenic dia-
betes insipidus and retain a limited ability to concentrate
urine and conserve free water. However, if access 1o water is
impaired (e.g., unconsciousness, perioperative nothing-by-
mouth status}, hypertonic dehydration and hypernatremia
may develop. Signs and symptoms of hypernatremia include
psychomotor agitation, neuromuscular irritability, lethargy,
coma, and seizures.

Recognition

Diabetes insipidus occurs in as many as 20% of adult
patients after transsphenoidal pituitary surgery. The syn-
drome is usually transient in this setting, and perioperative
glucocorticoid replacement may facilitate the development
of polyuria. Often, polyuria appears on or before the
first postoperative day. The polyuria of diabetes insipidus is
characterized as follows:

* A 24-hour urine volume greater than 50 mLikg
* Urine osmolarity greater than 300 mOsm/kg H,0
* Urine specific gravity less than 1.010

Chronic polyuria causes the hypertonic renal medullary
concentration gradient to be “washed out.” Additional urine
concentrating mechanisms become impaired, so that polyuria
increases. Alternative causes of polyuria must be eliminated to
make the diagnosis of primary neurogenic or nephrogenic
diabetes insipidus with confidence (Table 177-1).
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Risk Assessment E

As noted earlier, transient diabetes insipidus occurs in up
20% of patients after transsphenoidal hypophysecto s
However, it becomes permanent in about 2% of cases, A
macroadenoma with suprasellar extension is associated witki}
a higher risk for postoperative diabetes insipidus than is e
lesion confined to the sella. Recent data suggest that an endo@
scopic transsphenoidal approach for resection of pituitaryd
tumors may decrease both the short- and long-term incil8
dence of diabetes insipidus commpared with the tradition
direct transsphenoidal approach. The secretory type o
tumor appears to have no effect on the postoperative occured
rence of diabetes insipidus. s

Postoperative diabetes insipidus 15 uvsually recognized
within 12 to 24 hours of the initial insult, but delays of days tg
weeks have been recorded. In approximately 50% to 60% off
cases, diabetes insipidus is transient, lasting only 3 to 5 daygi§
More rarely, it may last several weeks, followed by gradusy
resolution. This pattern is more common after resection o s
pituitary adenomas confined to the sella. After transcraniaf}
approzches to pituitary macroadenomas with suprasellag®
extension, or procedures in which proximal damage to he)
pituitary stalk is likely, both complete and partial diabetefs
insipidus have been observed; in some cases, it 1akes several
years for this condition to improve or resolve, 3

A small group of patients (5% to 10%) exhibits a classic§

triphasic response to injury. This pattern most commo !_E;
£

Table 177-1 = Causes of Polyuria Other
Than Primary Neurogenic or
Nephrogenic Diabetes Insipidus

Chernical diuresis

Mannitol

Urea

Radiocontrast agents

Hyperglycemia

Furosemide, thiazides, ethacrynic acid

Acute renal failure

Drug-induced nephrogenic diabetes insipidus (e.g., cisplatin,
lithiumy)

Postobstructive diuresis

Postresuscitation diuresis
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 follows hypophysial stalk injury due to severe head trauma
or the resection of extensive suprasellar tumors. The initial

hase is characterized by an abrupt cessation of ADH release.
This is followed by polyuria, which begins within 12 to
24 hours after injury and lasts for 4 to 8 days. An antidiuretic
phase, lasting 5 to 6 days, follows. It is characterized by con-
centrated urine, with plasma hyposmolarity and hypona-
tremia 2s 2 result of free water reabsorption. Profound
 hyponatremia and its attendant complications may develop
if there is a delay in recognizing this phase. Excessive release
of stored ADH from degenerating neurohypophysial tissues
lis the likely explanation for this antidiuretic phase. Once this
stored ADH release is complete, diabetes insipidus frequently
yrecurs. Although usually persistent, sometimes it may
prove or resolve.

plications

JA patient with diabetes insipidus is unable to concentrate
arine and retain water. Without treatment, intravascular
olume depletion results, cardiac stroke volume declines,
ind heart rate increases in an effort to maintain cardiac
tput. Hypoperfusion may be signaled by weak peripheral
ses; orthostatic hypotension; cold, clammy skin; rapid,
pallow respirations; and a reduced level of consciousness.
gypernalremia may rhanifest as seizures and hyperreflexia.

HANAGEMENT

ing 1o the predominantly transient nature of periopera-
e diabetes insipidus, some mild cases are managed with
kal fluid replacement, especially if the patient is cooperative
hd the thirst mechanism is intact. However, if the patient is
Rable to cooperate, and there is associated hypokalemia and
fncern about “wash-out” of the renal medullary concentra-
gradicnt, more aggressive therapy may be warranted.
Exogenous replacement of ADH is with either desmo-
Jessin or aqueous vasopressin. After transsphenoidal resec-
pin, desmopressin is usually administered subcutaneously
a dosage of 1 to 2 ug every 8 to 12 hours. Desmopressin
the vasoconstrictor effects of vasopressin and is less
FY to cause hypertension or abdominal cramping. For
fients requiring long-term ADH replacement, both
anasal and oral preparations are available. However, the
® must be titrated individually.

Although desmopressin is clearly the drug of choice for
the chronic treatment of diabetes insipidus, its duration of
action is 12 to 18 hours. Some clinicians prefer aqueous
vasopressin if diabetes insipidus is likely to be transient.
Aqueous vasopressin is formulated as 20 pressor units/mL of
solution. The peak effect occurs by 1 to 2 hours, and the
duration of action is 4 to 8 hours. The usual starting dosage
is 2 to 5 units subcutaneously or intramuscularly every 4 to
6 hours as needed.

Careful assessment of fluid intake; urine output, osmo-
larity, and specific gravity; plasma osmolarity; serum
sodium concentration; and body weight should guide ther-
apy with vasopressin or desmopressin. Clinicians must be
alert 1o the possible development of an antidiuretic phase of
hormonal dysfunction, complicated by waler intoxication.

PREVENTION

Meticulous surgical resection is the best means of preventing
perioperative diabetes insipidus. Anesthesiologists should
maintain a high index of suspicion for the development of
diabetes insipidus, especially when there is suprasellar exten-
sion of a pituitary tumor or other endocrine abnormalities
in a neurosurgical patient.
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Intracranial Aneurysmes:

Rebleeding

Philippa Newfield

Case Synopsis

A 64-year-old man undergoing craniotomy for clip-ligation of a right anterior commu-
nicating artery aneurysm 12 hours after initial subarachnoid hemorrhage becomes
acutely hypertensive and experiences bradycardia during the induction of anesthesia.

PROBLEM ANALYSIS

Definition

Subarachnoid hemorrhage (SAH) from the rupture of an
intracranial ancurysm (ICA) occurs with a frequency of 6 to
8 per 100,000 persons in most Western populations, Rates of
ICA rupture are 0.05% to 6% per year, depending on the size
and location of the aneurysm. The risk of rupture is 11 times
greater in patients with previous SAH than in those with
symptomatic aneurysmes.

Rebleeding is the occurrence of further hemorrhage
after the initial SAH. Such episodes can be catastrophic, with
high mortality and chronic morbidity rates. If untreated,
50% of ruptured ICAs rebleed within 6 months of the initial
SAH. The incidence of rebleeding is highest within 24 hours
of SAH (4%); it then declines to 1% 10 2% per dav for the
next 13 days. About 20% to 30% of ruptured 1CAs rebleed
within 30 days of the initial SAH. Another 10% to 15% of
patients rebieed during the ensuing 5 months.

ICA rerupture produces neurologic deterioration by rais-
ing intracranial pressure (ICP) and impairing cerebral perfu-
sion. Many complications may ensue (Table 178-1).
Hydrocephalus can develop acutely, because sudden clot dep-
osition throughout the subarachnoid space blocks the passage
of cerebrospinal fluid (CSF) through the basal subarachnoid
cisterns. Late-onset hydrocephalus is due to obstruction of
CSF drainage pathways by erganized subarachnoid clot.

Brain infarction also occurs due to direct, hematoma-
induced brain destruction or shifts in the intracranial con-
tents, along with vascular compromise. The larger the
volume of subarachnoid blood and the greater the ICP, the

Table 178-1 s Complications of Subarachnoid Hemorrhage

Early

more likely it is that cerebral blood flow (CBF) will'sl
reduced and the patient’s neurologic condition will worseh
SAH also impairs autoregulation, the ability of the brain §
maintain CBF fairly constant over mean arteriai press
between 50 and 150 mm Hg, and it reduces the cerebel
metabolic rate of oxygen (O,) consumption.
The incidence of intraoperative ICA rupture ran 1
from 6% to 8%, It varies among institutions and depends g :
the size and location of the ancurysm. Causes of ICA il
ture and rebleeding during surgerv, in decreasing order®
frequency, are dissection, brain retraction, hematoma evad
ation, and openiny of the dural and arachnoid membrandgd

Recognition

‘Hal3
Signs of rebleeding with reruptured ICAs are largely dus ¥
intracerebral hemorrhage. The nisk of such bleeding i
higher with subsequent episodes of ICA rupture. Thiski
because adhesions from the prior SAH seal off the aneu 5
from the subarachnoid space and deflect anv new bleedi s
into the brain parenchyma. After ICA rebleeds, the level &
consciousness deteriorates, and patients develop focal nef
rologic deficits (aphasia, hemiplegia), abnormal vital sigd
(hypertension, bradyeardia, archythmias, irregular respicil
tions), and temperature elevation. They also have fluid :.
electrolyte imbalance (especially hyponatremia), and ret
hemorrhage may be evident on ophthalmologic cxam it
tion {Table 178-2).

If ICA rebleeding occurs during or immediately afi
the induction of anesthesia, the patient's blood pressure w ;
increase, and the heart rate may or may not decrease. K38
important to realize that the ICP will also increase. At B

y
g

Late

Hematoma, T ICP, rebleeding, seizures, hydracephalus
Nerve palsy, hemiparesis, reduced LOC

Cardiac arrhythmias

Transient T BP

Impaired vision

Fluid and electralyte imbalance

Rebleeding, hydrocephalus, vasospasm, infarction, epilepsy
Permanent hemiparesis, cognitive disabilities
Myocardial infarction, pneumonia, hepatic and renal dysfunction 3
Persistent T BP A
Vitreous hemorrhage

Neurologic deterioration, death

BE blisnd pressure: BCR intracranial pressure; LOC, level of consciousness
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lable 178-2 m Effects of Aneurysmal Rebleeding

L Bhirect brain destruction

.  Disturbance of CSF {low — hydrocephalus
ICP from hematoma, intracerebral hemorrhage,

E  intraventricular hemorrhage
FCerebral infarction from 4 CBF
fluid and electrolyte imbalance
P.cardiac archythmias, T BP
L FRespiratory impairment

HE Bhad prvsamee € BY, corcbaal bl flaw; OSE, ce rehrospinal fluid: ICP,
pmractanial prcssuge

juncture, ICA rupture is diagnosed by intracranial Doppler
ultrasonography, and the cificacy of management is moni-
tored thereafter. Intraoperative rupture of an 1CA is readily
fapparent. Rubleeding after completion of the operation is
signaled by failure to awaken from anesthesia or by further
meurologic deterioration after awakening (e.g., decrease in
level of consciousness, development of new focal neurologic
Bdeficits or aphasia).

FRisk Assessment

FICA rerupture is one of the major causes of neurologic dete-
rioration after initial SAH (Table 178-3). Risk of rebleeding
goegins immudiately after the imtial ICA hemorrhage and is
Bthe major threat carly after SAH. The likelibood of reblecding
gis directly related to the patient’s svstolic blood pressure in the
post-SAH peried. For patients who have already had multiple
reblecding episodes, the likelihood of further rupture and
Bdeath is much greater. Other risk factors include poor neuro-
jogic status (owing to initial SAH parenchvmal injury),
ahorter time since initial SAH, female gender (twice the inci-
ence of rebleeding versus males), poor medical condition,
older age, posterior 1CA, higher rates of intracerebral or intra-
gentricular hematoma, and abnormal dlotting parameters.
uring pregnancy, the risk of rebleeding from an unsecured
HICA 15 3390 10 309, Although this is fatal in 50% to 68% of
Patients. there is no evidence that the rebiveding rate in preg-
RNt patients is ditferent from that in the general population.

[t

j lable 178-3 = Causes of Neurologic Deterioration
after Subarachnoid Hemorrhage

+

®ebleeding—intracranial hypertension
Eematoma
drocephalus
ebral edema
b Seizures
B - Mening)tis
tordered autoregulation
fordered rarbon dioxide responsiveness
Wid-base disturbances
"d and electrolyte disturbances
oS pasm
pelayed ischemic deficit
Brebral infarction—secondary cerebral insuits
Hypotension
YPoxemia
yperglycemia
" Intracranial hypertension {beyond initial hemorrhage)

Once the ICA has bled, the risk of rebleeding is greatest
within the {irst 24 hours (9% ); this s because clot sealing the
aneurysmal rent is tenuous, and systemic blood pressure is
usually at its highesi. The cumulative rebleed rate for rup-
tured ICAs is 19% at 14 days and about 40% at 179 days.
Patients whose ruptured 1CAs remain untreated continue to
rebleed at a rate of 3% per year for up to 15 years. Late
rebleeding is fatal in 67% of cases.

The international Subarachnoid Aneurysm Trial com-
pared operative aneurysmal clip-ligation with endovascular
coiling in 2143 patients with 1CA-related SAH, At I-year
follow-up, results of the randomized study showed a fow risk
of rebleeding in both groups (2.4% for coil versus 1.0% for
clip repair). However, even after accounting for effects of
rebleeding, the relative risk for death or significant disability
was 22.6% lower for endovascular versus surgical repair, an
absolute risk reduction of 6.9%. Most of these patients were
in pood condition after SAH (World Fedcration of
Neurosurgical Socicties grades | and 1t) and had small ante-
rior ICAs (92% <i1 mm in size). For such ICAs, endovascu-
lar and surgical repairs are considered cquivalent therapies.

Implications

Pathophysiologic sequelae and complications of rebleeding
after initial ancurysmal SAH are considerable. Because a
recurrent hemorrhage is usually rnore severe than the initial
one, mortality with recurrent hemorrhage doubles 1o 80%,
with significant associated morbidity in the surviving
paticnts. The size of the hematona is the most eritica) factor
in determining outcone (Table 178-4), Patients with large
subdural hematomas and more of a midline shift on
computed tomography scanning have a puorer prognosis, as
do those with assoctated intracerchral or intraventricular
hemorrhage.

Because the majority of rebleeding takes place within
the first 6 to 24 hours after the initial SAH, carly intervention
to secure the ancurysm (whether by surgical clipping or
endovascular coiling) has become the mainstay of treatment
for reblecding. Thus, diagnosis and treatment of rebleeding
must be accomplished quickly and efficiently, Further,
because increased experience with SAH, its sequelae, and its
treatment improves patient care, collaborative relationships
between community hospitals and centers specializing in the
surgical and endovascular treatment of ICAs are mandatory.

Table 178-14 w Predictors of Mortality after Acute
Subarachnoid Hemorrhage

Poor clinical status or grade on admission—directly related to
size of hematoma

Decreased level of consciousness

Elevated blood pressure

Rebleeding

Delayed ischemic deficit (vasospasm)

Thickness of subarachnoid clot on initial computed
tomography scan

Basilar aneurysm

Older age

Preexisting medical illness
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MANAGEMENT

Therapy for rebleeding after an initial SAH is designed to
maintain cerebral perfusion, reduce intracranial hyperten-
sion and volume, contral systemic blood pressure, and
decrease transmural pressure (mean arterial pressure minus
ICP) across the aneurysm wall. Within this context, opti-
mization of brain O, delivery depends on total arterial O,
content and necessitates the maintenance of normal hemo-
globin concentrations and arterial O, saturations.

Specific therapy varies according to the stage of ICA ther-
apy at which rerupture occurs (Table 178-5). If the ancurysm
bleeds before, during, or after the induction of anesthesia, the
patient is hyperventilated with 100% O,. Thiopental, which
also affords some amount of cerebral protection, or intra-
venous sodium nitroprusside or nicardipine' will lower blood
pressure, although excessive lowering of blood pressure at this
juncture can be detrimental if it interferes with cerebral per-
fusion. Nitroprusside also causes cercbral vasodilatation,
which may further raise ICP and impair cerebral perfusion,
thereby increasing the ischemic penumbra.? Immediate
craniotomy for “rescue clipping” after ICA rupture during
induction has been successful,

Intraopcrative rupture of an ICA mandates rapid
achievement of surgical control. The mean arterial pressure
may be reduced briefly to 50 mm Hg 1o facilitate temporary
proximal and distal occlusion of the parent vessel in prepa-
ration for clip-ligation of the aneurysmal neck. Once the
parent vessel is occluded, blood pressure is increased to
normal to enhance collateral circulation during the period
of temporary occlusion. This may be superior to the use of
controlled hypotension after rupture. Alternatively, the ipsi-
lateral carotid artery can be manually compressed for 3 min-
utes to produce a bloadless field. Also, if the bleeding is
sufficient to cause hypovolemia, induced hypotension may
not be an option. Any blood loss is replaced immediately
with whole blood, bloed products, colloid, or crystailoid. It
is essential to maintain normal blood volume while the
biood pressure is lowered.

Although barbiturates and etomidate have been advo-
cated to protect against focal brain ischemia, the clinical effi-
cacy is unproved. Also, with hypovolemia, the associated
hypotension can be detrimental. Stable patients can receive
thiopental or etomidate before temporary occlusion.

For all patients, temperature is maintained in the low-
normal range {34°C to 35°C). Even moderate hypothermia
confers some cerebral protection by reducing the release of
excitatory neurotransmitters and the cerebral metabolic rate
of O, consumption (by 7% to 8% per 1°C). However, results
of the recent International Hypothermia for Aneurysm
Surgery Trial suggest that intraoperative hypothermia
(33°C) does not improve neurologic outcomes compared
with maintaining normothermia (target temperature
36.5°C). Any increase in temperature above normal should

be promptly reduced.

'The latter may be more effective for reducing associated vasospasm.
*Zone of ischemic brain surrounding nonviable brain tissuc.

table 178-5 = Aneurysmal Rupture: Managen;,
Priorities

During or After Induction

Hyperventilation

1009 oxygen

Blood pressure control

Barbiturates

During Dissection

Induced hypotension

Proximal vascular or carotid occlusion with high normal binis
pressure

100% oxygen 3

Pharmacologic metabolic suppression

Volume resuscitation

Patients who do not awaken as expected following
operation, or who awaken and then deteriorate neurgjg
cally, require timely diagnosis of the cause. Emergent con
puted tomography scans can help differentiate ICA rebla
rupture of another ICA, postsurgical bleeding, Pheurm
cephalus, acute hydrocephalus, and acute cercbral infarct
as the cause of deterioration, B

If there is intracranial hypertension postoperatively, this
patient requires intracranial volume-reducing measudl
such as hyperventilation with 100% Q., mannitol, cerehy
vasoconstricting drugs (e.g., thiopental, propofol), and a
mentation of cercbral perfusion through maintenance
systemic blood pressure in the patient’s high-normal ra
Emergency reoperation may be necessary for rescue clippis
of the ruptured ICA, evacuation of hematoma, control
bleeding, or ventricular drainage. In an emergency, an exts
nal ventricular drain may be inserted in the postanesthes
care area or inlensive care unit to decompress the ventricab
system, 3

¥

PREVENTION

The only definitive measure to prevent 1CA rebleeding 3
early surpical clip-ligation or endovascular obliteration @
the aneurysm. Once the 1CA has been secured, the risk i
rebleeding is reduced to practically zero, with late reblee
occurring more often after endovascular than neuros
intervention. After securing the 1CA, the patient can re
prophylaxis against or treatment for cerebral vasospas
such as hypertensive hypervolemic hemodilution (“triple
therapy”™), without fear of ICA rerupture.

Short of securing the ICA hy mechanical means, preopsl
erative measures to prevent rebleeds include maintenance 6
blood pressure in the patient’s normal range, mHntenance:
euvolemia (Table 178-6), and avoidance of seizures (whi
may be associated with hvpertension). Blood pressure contrg
is achieved with analgesics and short-acting antihypertes®s
sive drugs (e.g., labetalol} that do not affect the cereb
vasculature. Lowering blood pressure has not been shown B3
reduce the risk of rebleeding in any controlled trialz bud :
prospective studies have correlated rebleeding with hig
systolic blood pressures. Bevond the first few days after initiég
SAH, the risk of lowering the blood pressure increaschiy

i
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luble 1786 = Prevention of Aneurysmal Rebleeding

k- Fpreoperative

8P control: sedatives, short-acting antihypertensive drugs

hrdaintain adequate cercbral perusion pressure (70 to 80 mm Hg)

Analgesic drugs

‘Cautious HHH therapy for vasospasm

i Frarly aneurysmal clip-ligation or endovascular obliteration
intraoperative

E §induction

LE Mantain normal BP

Maintain direct BP monitoring

. Avoid surges in systolic BP

Ensure adequalte depth of anesthesia

Provide optimal oxygenation

kR Maintain normocapnia

:.!4 raniotomy

gf Osmotic diuretic with craniotomy

k- CSF drainage after craniotomy

eurysmal manipulation

Proximal temporary occlusion

,  High-normal BP

Hypotension

- Osmatic diuretics

v CSF drainage

Hyperventilation

Venous drainage

& Normoglycemia

Hypothermia

Adequate analgesia

Maintain normovolemia

onitor central venous pressure, urine output, blood loss
Emergence

$hvoid surges in systolic BP

dequate analgesia

gostoperative

Avoid surges in systolic BP

aintain intravascular velume

oid hypotension

PAdequate analgesia

¥
3
1
x

B BB bl pressare C8F erebrosgea? fuad TIFHL s pertersing
emodilatson 1L s s sl preasare

btk

ause the patient 1s now susceptible 1o vasospasm, At this
Dint, it s best to let the patient’s blood pressure self-adjust,
Bthough pain should be treated appropriately to prevent
ssociated increases in biood pressure,
If the patient deteriorates neurologically from cerebral
psospasm before the [CA is secured, triple H therapy (sce
fier) must be instituted with caution. To avoid rebleeding,
systolic pressure is increased modestly from 120 to
SUmn Hg, central venous pressure from 10 10 12 mm Hg, and
tmonary capillary wedge pressure from 12 10 16 mm Hg,
* Avoidance of lumbar puncture and rapid ventricular
Fainage before 1CA clip-ligation may alse protect against
leuding_ However, these measures are sometimes used (o
wer 1C1 ias a calculated risk) when cerebral perfusion s
priously compromised by intracranial hypertension.
~ The antifibrinolvtics £-aminocaproic acid and tranes-
ic acid can reduce the fikelihood of 1CA reblecding,
Wever, associated cerebral vasospasm limits their useful-
¥35 and may double mortality rates due to delayed
emia. Thus, there is little if any indication for the use of
€ drugs afier SAH.

Table 1787 = Induction of Anesthesia: Aneurysmal

Clip-Ligation

Optimal head position
Deep level of anesthesia
Propofol (1-2 mg/kg)
Thiopental (3-5 mg/kg)
Fentanyl (3-5 ua/kg)
Sufentanil (0.5-1 pg/kg)
Vecuronium {0.1 mg/kg)
Low-dose inhalation anesthetic
Controlled ventilation
100% O,
Normat Paco, (35-40 mm Hg)
Before laryngoscopy
Lidocaine (1.5 mg/kg)
Thiopental (2-3 mg/kg)
Propofol (0.5 mg/kg)
Brief, gentle laryngascopy
Intubation

During the induction of anesthesia for craniotomy for
ICA clip-ligation, it is essential to maintain transmural pres-
sure across the ICA wall n the patient's preoperative range
by the judicious use of drugs and meticulous techniguv
(Table 178-7). Certainly, one must prevent sudden Increases
in systemic blood pressure and decreases in ICP. Direct blood
pressure monitoring provides beat-to-beat information
about the immediate cffects of anesthetic or neurosurgical
interventions {e.g., laryngoscopy, application of pin head-
helders). Anticipation of a blood pressure increase with
these maneuvers can facilitate the timely use ol drugs such as
propofol and thiopental to deepen anesthesia.
Avoiding sudden increases in transmural pressure from
a decrease in JCP before the hone flap is turned is also
important. Venulation is adiusted to maintain normocapnia
{arterial carbon dioxide tension 35 10 40 mm Ho) and
intracranial volume until the dura is opened. However, if the
patient has a large subdural hematoma, hyperventilation
and other maneuvers to improve intracranial compliance are
mdicated during induction. The volume-reducing effect of
mannitol also may decrease ICF before the skull is opened.
To avoid consequent increased transmural pressure and the
potential for 1CA rerupture, mannitol is not administered
until after the craniotomy has been performed, when the
intracranial contents are at atmospheric pressure. Lumbar
drainage of CSF also facilitates 1CA access by relaxing the
brain, but this too increases transmural pressure by reducing
[CP if it is performed before the cranium has been opened.

Interventions to prevent rebleeding are also necessary
during ICA manipulation for clip-ligation. Temporary prox-
imal occlusion of the parent vessel is used 1o decrease the
turgor of the ICA sac, and the bloed pressure is maintained
in the patient’s high-rormal range to enhance distal and col-
lateral perfusion. Of course, if the temporary clip is removed
before the ancurysm has been secured, blood pressure must
be quickly returned to the patient’s low-normal range to
prevent ancurysmal rupture.

Hypotension with isoflurane or nitroprusside to a mean
arterial pressure of 50 mm Hg in normotensives and 60 mm
Hg or higher in hypertensives was once used 1o increase the
safety of aneurysmal manipulation. This is no longer done,
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however, because hypotension to lower CBF may adverscly
affect patients with or in the process of developing cerebral
Vasospadsim,

Although there are no controlled human studies of the
protective effects of intravenous drugs during ICA surgery,
the ability to quickly institute prophylactic protective meas-
ures before the onscet of ischemia is desirable. A number of
intravenous drugs, alone and in combination, have been
administered to extend the safe duration of temporary vas-
cular acclusion. High-dose mannitol (2 g/kg) enhances the
microcirculation and increases regional CBF in areas of
ischemia. Because the production of free radicals may
contribute to neuronal damage from ischemia, vitamin E
and dexamethasone are used 1o augment mannitol’s effects
in some protocols.

To the regimen of normotension, normovolemia, and
mannitol, some ncurosurgeons have added electroen-
cephalographic burst suppression {with ctomidate or barbi-
turates), with reported benefit. Propofol, if administered to
provide burst suppression before temporary 1CA occlusion,
may also confer cerebral protection. Normoglycemia and
relative hypothermia to 35°C may also reduce the ischemic
risk with temporary occlusion of cercbral vessels.

Control of blood pressure is essential during emergence
from anesthesia, because patients are at risk for rebleeding
during this time as well. This mav be due to multiple ICAs,
whether diagnosed or not. If one has becn clipped, another
unsecured one may bleed on emergence, Hypertension with
emergence also threatens surgical hemostasis and may pro-
duce intracranial hemorrhage, Finally, wrapping the ICA
{versus clipping] does not necessarily protect against
rebleeding during emergence from anesthesia,

Further Reading

Chang HS. Hongo K, Nakagawa H: Adverse effects of hmited hvpatensive
anesthesia un the outcome of patients with subarachnoid hemorrhage
| Neurosurg 91:971.975, 2000.

Cross DT, Turschwell DL, Clark Ma, et al: Mortahity rates after subarachnoid
hemorrhage: Varations according 1o hospital case volume in 18 states,
I Neurosurg 99:510-817, 2003,

Egge A, Waterlon K. Sjoholm H. et ai: Prophylactic hyperdvnamic postoper
auve fiuid therapy after aneurvsmal subarachnod hemorrhage

A chinical, prespective, randomized, controlled study, Neyrad
49.393-606, 2001, N
tng CC, Lam AM: Cercbral ancurysms: Anesthetic Cunside _l
Cottrell JE, Smuth DS {eds): Anesthesia andd Nl.'urusurgﬂ-y
$1. Louis, Mosby=Year Book, 1994, pp 376.405,
Fridriksson 5, Saveland H, Jakobsson KF, et al: Intrasperative wom
in ancurysm surgery: A prospective natianal study. |
96:315-522, 2002 .
Gianotta 51, Oppenheimer JH, Levy ML, et ak: Muanagement of jp ’
tive rupture of aneurysms without hypotension. Neurg
28:531-536, 1991. :

Haley EC Jr, Kassell NF, Torner JC, e al: The International Copgpad]
Study on Timing of Aneurysm Surgery: The North American pe
ence, Stroke 23:205-214, 942 . .

Kett-White R, Hutchinson Pj, Al-Rawi PG, et al: Adverse ccrebr—.f
detected afier subarachnoid hemorrhage using brain o V
microdialysis probes, Neurosurgery 50:1213-1222, 2002

LeRoux P, Winn HI: Management of the ruptured aneurysm. In Leg:
Winn HR, Newell DW {cds}: Management of Cerebral Ape
Philadelphia, WB Saunders, 2004, pp 303-333,

Molyneux A, Kerr R, Stratton 1, et al: International Subairachnoid
Trial {1SAT} of neurosurgical clipping versus endivascular cofi
2143 patients with ruptured intracranial aneurysms: A randosid
trial. Lancet 360:1267-1274, 2002.

Muravama Y, Song JK, Uda K, et al: Combined enduvascular treat
both intracranial ancurysm and symptomatic vasospasm, AINR,
Neuroradiol 24:133-139, 2003, )

Newfield P: Anesthetic management of intracranial aneurysms. In N
Cottrell IE {eds): Handbook of Neuroanesthesia, 3nd ed, Philadefsig
IB Lippincoti-Williams & Wilkins, 1999, pp 173-194,

Qureshi Al Surt MPF, Yahia AM, e1 al: Risk factors for subarachnoid henls
rhage. Neurosurgery 49:607-613, 2001,

Rabinstein AA, Pichelmann MA, Friedman JA, ¢t al: Svmpto
vasespasm and outcomes fullowing aneurysmial subarachnoid el
thage: A companisan between surgical repair and erwlovascular i
ocdusion. ] Nearosurg 98:119-325, 2003, i

Stuzewshi M, Basch JA, van Rooii W), ¢t al: Rupture of infraceg
ancurysms during treatment with Gugliclmi detachable g
Incidence, outcome, and risk factors, } Neurosurg 94:238-240, 2088

Snuth M, Le Roux PD, Ellsott JP, Winn HR: Blood transfusion and incres
risk of vasospasm and poor outcome afier subacachnod hemol LT
I Neurosurg 101:1-7, 2004, :
Solenski NJ, Haley EC Ir. Kassell NF, et al; Medical complicatio
aneurysmal subarachnoid hemorrhage: A report of the Multices
Cooperative Ancurvsm Study. Crit Care Med 23.1007-1017, 19
Todd MM, Hindman BJ, Clarke WR, ct al: Mild intranperaine hypoth
during surgery for intracranial ancurysm. ¥ Eugl | Med 352:135-)
2005. i
Treggrari-Venzi MM, Suter PAL, Romand JA: Review of medical prevertia
of vasospasm affer subarachnuid hemorrhage: A problem of newls
INtensive care. Neurosurgery 48:249- 261, 2001. :

(i






Hissues

 Philippa Newfield

-;Case Synopsis

Edevelopcd 2 new hemiparesis.

)PROBLEM ANALYSIS

EDefinition

asospasm s the transient, self-dimited narrowing of
nradural subarachnoid arteries that occurs several days

er subarachnoid hemorrhage (SAH). It is a result of sus.
pained contraction of arterial smooth muscle. The subse.
guent delayed ischemic deficit and infarciion caused by
Ererebral Vasospasm are a major cause of disability and death
aiter SAH, accounting tor 30% of SAH-induced morbidity
#nd mortality, Cerchral vasospasm is associated with a dete-
gioration in clinical status in 30% of patients after SAH. Up
0 10% of paticnts die. and another 10% have permanent
mearologic deficits. This reactive narrawing of the subarach-
poid arteries occurs afier rupture of an intracraniat
jneurysm because these vessels are bathed by spasmogenic
preakdown products of red blood cells (especiaily hemoglo-
in) released into the cercbrospinal fuid.

ecognition

ngiographic vasospasm begins 3 to 5 days after SAH. The
Brrowing is maximal at 6 1o 8 days and gradually resolves
¥ (0 14 days after a single episode of SAH. Angiographically
€ vasospasm is defined as a decrease of 50% or greater
arterial diameter. The diagnosis of cerebral vasospasm
ible 179-1) is based on clinical signs of progressive
Bpairment in mental status and level of consciousness or
appearance of new tocal neurologic deficits more than
3¥s after the initial SAH that cannot not attributed 1o any
Pt structural or metabolic cause, The onset of SAH may
sudden or insidious and is often accompanied by
greased headache, meningismus, and fever, Although some
sence of vasospasm is apparent on angiography in 70% to
% of cascs, only one third of patients develop full clinical
Pression. 1t is important 10 rule out other causes of neuro-
¢ deterioration with suspected SAH, including rebleed-
Intracerebral hemorrhage, hydrocephalus, subdural
natoma, cerebral infarction, cerebyral edema, meningitis,

Intracranial Aneurysms:
Vasospasm and Other

A 47-vear-old woman underwent craniotomy for clip-ligation of a middle cerebral artery
f ancurysm. The procedure was successful, and the patient was alert and neurologically
! intact until postoperative day 4, when her level of consciousness decreased and she

seizures, electrolyte and acid-base disturbances, and adverse
drug reactions.

Cercbral angiography is the must reliable test for diag-
nosing and evaluating vasaspasm.  On  angiography,
vasospasm may be focal, diffuse, or segmental. Clinjcal SIS
and symptoms of decreased cerchral blood flow (CBF} usu-
ally develop when there is greater than 504 reduction in the
diameter of the arterial lumen. Angiography 1s indicated for
patients suspected of having cerebral vasospasm who do not
improve after the administration of intravenous fluids and
induced hypertension. It is also used for those who cannot
tolerate the aforementioned therapy to rule out vasospasm
as a cause of deterioration.,

Computed tomography 'CT)-angiography can detect
severe or no cerebral vasospasm in proximal cerebral arter-
ies. 1t is less reliable for assessing cerebral Vasospasm in more
distal arteries and intermediate degrees of vasospasm.
Methodologies for measuring CBF are positron emission
tomography (PET], single photon emission computed
tomography (SPECT), and xenon-enhanced CT. PET studies
have revealed a fall in the cercbral metabolic rate for oxYgen
following SAH. Angiographic vasospasm, delayed ischemic
deficits, and increased transcranial Doppler velocities are
associaled with regions of cercbral hypoperfusion on
SPECT. Xenon-enhanced CT is a fairly inexpensive tech-
nique and can reveal and quantify reductions in regional
CBF in patients with clinical vasospasm; it can also be

Table 179-1 = Diagnosis of Cerebral Vasospasm

Clinical appearance of new neurologic signs and symptoms
Decrease in level of consciousness
Focal weakness

Angiography

Positron emission tomography (PET)

Single photon emission computed tomography (SPECT)

Computed tomography (CT)-angiography

Xenon cerebral blood flow measurement

Transcranial Doppler (TCD)
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repeated within 20 minutes. Further, it is possible 1o fuse
regional CBF data with conventional CT anatomy and distin-
guish ischemia from other causes of neurologic deterioration
after SAH.

Transcranial Doppler {TCD} ultrasonography is also
used to diagnose cerebral vasospasm. Either a sharp increase
(e.g., middle cerebral artery velocity »120 cm/second) or a
rapid rise in TCD blood flow velocity (e.g., 50 cm/second
in 24 hours) is indicative of a reduction in the caliber of the
vessels. Peak TCD flow velocity of 140 16 200 cm/second ts
associated with moderate cerebral vasospasm; values greater
than 200 cm/second indicate severe vasospasm. CBF veloci-
ties become maximal 7 to 20 days after SAH. Critical TCD
blood flow velocities (>120 cm/second) correlate strongly
with vasospasm on angiography. As such, TCD is a better
corroborative tool than a predictive one. Either a reduction
in TCD velocity or a return to normal often indicates abate-
ment of vasospasm and can be used to determine the effi-
cacy and duration of treatment. Because TCD is operator
dependent and involves other technical factors (e.g.,
intracranial pressure [ICP], cardiac output, the artery being
assessed), it is important to correlate any TCD results with
sequential neurologic examinations and other monitoring
modalities, including 1CP, blood pressure, and cardiac
output.

Jugular bulb venous oximetry detects changes in cere-
bral oxygen extraction. In one study, patients who developed
clinical vasospasm were noted to have a significant rise in
cercbral oxygen extraction approximately | day before the
onset of signs of neurologic deficits. When these patients
were treated with hypertensive hypervolemic hemodilution,
their deficits resolved, and there was a significant improve-
ment in cerebral oxygen extraction. There was no increase in
cerebral oxygen extraction in patients who did not have clin-
ical vasospasmy; thercfore, increases in this parameter may be
predictive of the impending onset of clinical vasospasm.

Risk Assessment

After clip-hgation of cercbral ancurvsms, and regardless of
clinical status, all patients have a 50-50 chance of developing
cerebral vasospasm. Vasospasm is directly related to the
severity of the hemorrhage from aneurysmal rupture, which
correlates well with the location and volume of blood noted
on the initial posthemorrhage CT scan. The risk is increased
by the presence of cerebral dysautoregulation and abnormal
carbon dioxide responsiveness after SAH. Elderly patients
may be at less risk for developing vasospasm, but they do not
tolerate ischemia as well as younger ones do and therefore
develop cerebral infarction more frequently. The timing of
surgery has no effect on the subsequent development of
angiographic cerebral vasospasm, nor does surgical versus
endovascular occlusion have an effect. Other indicators of
increased risk for the development of vasospasm include
an admission Glasgow Coma Scale score less than 14 (see
Table 182-1), an early increase in mean middle cerebral
artery flow velocity on TCD, and anterior cercbral or internal
carotid artery aneurysms.

Angiographic vasospasm (>30% reduction in cerebral
vessel diameter) is a significant risk factor for the develop-
ment of infarction, Death from vasospastic infarction occurs

in 5% to 17% of patients after SATL Madifiable risk fage %
that affect the progression from ischemia to jnfar = ¥,
include a premorbid history of hypertension and smoking) e
Transfusion of packed red blood celly inlraupcr;uive}y-il
a risk factor for poor autcome. Also, postoperative trang
sion 1s correlated with the development of angiographicalig
proven cercbral vasospasm. The mechanism may nvolve!
depletion or inactivation of nitric oxide, an endogenoyg S8
vasodilator that transfused red blood cells appear to |ag P8
Transfused cells may also have prointlammatory effects or
may induce immune system dysfunction. If so, befure trans
fusion, one must determine whether SAH patients are sym
tomatic from any associated anemia.

Implications

Cerebral vasospasm appreciably worsens patient nutcome‘é,*
after SAH. It is believed to be the cause of 28% and 399 of 3
all associated deaths and disability, respectively. Thus, it jg -
responsible for extensive utilization of limited heaith care.x
resources. Owing to the high mortality, and because syr.
vivors of SAH with vasaspasm are more likely to have seri.
ous permancnt neurologic deficits, considerable research 28
efforts and dollars are being expended to identify pharmaco- 28
logic and other measures to prevent, ameliorate, or cradicate 228
the devastating sequelac of SAH-related cerchral vasospasm.s
The presence of cerebral vasospasm has implications for
anesthetic management as well. Cerebral perfusion pressure’
15 muintained at higher-than-normal levels 10 enhance cere- |
bral perfusion. Hypotension, including controlled hvpoten.
ston during ancurysmal disscction, should be avoided, -#
Because autoregulation and carbon dioxide responsiveness
are impaired to varving degrees with cercbral \'aqnspasm,t
blood pressure stability and normocapnia are maintained.

MANAGEMENT

Pharmacologic and other madalities used to treat cerchbral ©
vasospasm after SAH are listed in Table 179-2. Early opera- ;3
tion for clip-ligation of the ruptured ancurvsm afier SAH
sccures the ancurysm and permits the removal of fresh clot |
by irrigation and suction. The surgeon may also apply tissue - 8
plasminogen activator (tPA) directly into the subarachnoid -
space to dissolve remaining clot. Although this fibrinolytic ‘
drug can reduce vasospasm, it also has the potential 10 cause 3
rehleeding by dissolving normal clot. Thus, only patients at
high risk for clinically significant vasospasm are candidates *8
for tPA treatment. Early obliteration of the ancurysm by #28
endovascular coils also facilitates the subsequent treatment 3
of vasospasm, :

£

Table 179-2 = Pharmacologic and Other Modalities
Used to Treat Cerebral Vasospasm

Hypertensive hypervolemic hemadilution ¥
Volume expansion with crystalloids and colloids
Vasopressors (e.g., dopamine, dobutamine, phenylephrine)

Transluminal balloon angioplasty
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Both hypervolemia and hyvpertension are used to
increase cardiac output and augment cerebral perfusion 1n
vasospastic areas of the brain with impaired autoregulation.
\/ Early institution of these measures can mitigate or avoid the
g progression of vasospasm-induced ischemia to infarction,
 Hemodilution alone is unlikely to be beneficial and may
reduce cercbral oxygen delivery. However, 2 hematocrit of
30% to 35% is likely adequate, Complications of induced
f hypervolemia and hypertension include rebleeding, hemor-
 thagic infarct transformation, cerebral edema, hypertensive
encephalopathy, intracranial hypertension, myocardial
infarction, heart failure, pulmonary edema, coagulopathy,
and dilutional hyvponatremia, as well as complications
b related to central vascular catheterization.

Expansion of intravascular volume is necessary because
total circuluting blood and red blood cell volumes are
breduccd in most patients after SAH. This is secondary to
upine diuresis, peripheral pooling, negative nitrogen bal-
ce, reduced erythropaiesis, iatrogenic blood loss, and
Increased natrivresis. Limits for crystalloid and colloid
olume expansion are central venous and pulmonary capil-
wedge pressures of 10 to 12 and 12 to 16 mm Hg,
espectively. There is a suggestion that albumin may improve
Bhe clinical outcome 2t 3 months and reduce hospital costs
en normal saline alone has failed 1o increase the central
ETOUS pressure to at least § mm Hg,
F Vigal and diuretic responses to intravascular volume
sgmemtation might dictate the need for a drug such as
Opressin to reduce urine output to less than 200 mLthour,
drocortisone has also been used to attenuate excessive
rivresis and hyponatremia in patients with SAH, as well
110 prevent the associated decrease in total blood volume.
appears o have no scrious side effects.
Vasopressors, including dopamine, dobutamine, and
Rienvlephrine, might also be required to increase blood
essure and augment cardiac outpult. Invasive hemody:-
imic manitoring (e.g., direct arterial, central YENOus, or
onary artery pressure; cardiac output) is required for
Bicnts with induced hypertension. Before the aneurysm is
ured, systolic blood pressure is maintained between 120
i 150 mm Hy. Once secitred, it can be increased 1o 160 to
y mm Hg,
- Transtuminal batloon 4 ngioplasty is also used to relieve
bral vasospasm. The inflatable” intravascular ballvon
Ehanically dilates the segmental zone of vasospastic narrow-
This may improve the patient's level of consciousness by
eving focal ischemic deficits, However, carly intervention is
al. Another treatment is serial papaverine angioplasty.
8 improves cerebral circulation times, but serial infusions
quired for recurring cercbral vasospasm.

-

Prevention of cerebral Vasospasm requires a high level
llnnce and care, maintenance of normovolemia, careful
toring, and prevention of secondary cerebral insults
Medica| complications {Table 179-3), Early occlusion of
pcurysm faalitates subsequent efforts to prevent and

Table 179-3 » Pharmacologic and Other
Modalities Used to Prevent

Cerebral Vasospasm after
Subarachnoid Hemorrhage

Administer nicardipine ((1%)]

Administer nimodipine (orally or via gastric leeding tube)
Maintain normal electrolyte balance

Provide adequate analgesia

Maintain nermovolemia

Maintain normothermia

Maintain normotension

treat vasospasm. Monitoring in an intensive care unit or a
transitional area is indicated until after the peak time for the
development of vasospasm has passed. The purpose of such
care is to avoid hypovolemia, hyponatremia with inappro-
priate diuresis, arrhythmias, hyperthermia, pulmonary edema,
hyposia, hypercarbia, and intracranial hypertension. Any of
these has the potential 10 exacerbate cerebral vasospasm,
After SAH, aduits need 3 10 4 L of fluid a dav to main-
tain normovolemia. Hypotonic solutions (e.g., lactated
Ringer’s) are avoided. Hyvponatremia is treated with either
normal or hypertonic saline as necessary. However, Egge and
colleagues showed that prophylactic hyperiensive hvpervo-
lemic hemodilution after aneuryvsmal SAH neither prevents
vasospasm nor improves outcomes when compared with
controls treated with normovolemia. In addition, costs were
higher and complications were more frequent in patients
receiving hyperdynamic therapy. In the International
Subarachnoid Aneurysm Trial, patients with better clinical
grades (World Federation of Neurosurgical Socicties grades
Ho 1T on admission) whose aneurysms were occluded with
endovascular coils rather than surgical clipping were less
likely to have symptomatic vasospasm. However, there was
no difference in clinical outcome between the groups at the
end of the follow-up period.

Although blood pressure is controlled before the
aneurysm is secured, it is not treated thereafier, unless eleva-
tions are critically high. ICP is maintained in the normal
range with mannitol, ventricular drainage, and mild ventila-
tion. The goal is to keep cerebral perfusion pressure above
60 to 70 mm Hyg,

Use of the dihvdropyridine calcium channel blocker!
nimodipine within 96 hours of SAH in good- and poor-
grade patients has been shown to reduce the morbidity and
mortality associated with ancurysmal cerebral vasospasm.
15 now a standard of care afier SAH. Nimodipine improves
the pour outcome associated with vasospasm in all grades of
patients, improves the chance of a good 1o fair outcome, and
reduces the chance of infarction after SAH. However, the
incidence of symptomatic vasospasm is not affected by
nimodipine. Because it has a limited effect on the angio-

graphic caliber of vessels, it is postulated that nimodipine

Dihydropyridme caloum dsanned Bachers are selective for vaseular
smuoth mescle versus cardiae musde, in contrast to non-dihydropyrdines
such as verapamil and diliazem Intravenows nivardipine, a dilwvdropyndine
calcium channel blowker, i increasingly used for the treatment of vasospasm
1 aneurysmal SAH, alihough long term outcomes are not ver knewn,
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confers cerebral protection by reducing the influx of calcium
in marginally ischemic neurons. Alternatively, it may
increase CBF by dilating pial collateral vessels not seen on
angiography. Nimodipine also reduces blood pressure; how-
ever, it does so by reducing systemic vascular resistance, not
preload.

Treatment with subcutancous low-molecular-weight
heparin {enoxaparin 20 mg/day) for 3 wecks after SAH also
appears to improve overall outcomes at 1 year. Apparently,
this is due to a reduction in delayed ischemic deficits and
cerebral infarction. Patients who received enoxaparin also
had fewer intracranial bleeding events and a lower incidence
of severe (i.e., shunt-dependent) hydrocephalus.

Other drugs have been investigated for the prevention of
vaspspasm. Tirilazad, an antioxidant and free radical scav-
enger, showed mixed clinical results. Nicaraven, a free radical
scavenger, showed a trend toward improved survival, good
outcome, and smaller infarct size at 3 months. Ebselen, an
antioxidant and anti-inflammatory drug, has neuroprotective
properties and appears ta be effective in acute ischemic stroke,
Intra-arterial fasudil, a kinase inhibitor, has been used to treat
clinical vasospasm. However, there was no difference in neu-
rologic outcome versus placebo, and patients treated with
fasudil had more pneumonia and hvpotensive episodes.
Owing to increased endothelin (an endothelial-derived vaso-
constriclar peptide) with cerebral vasospasm, an endothelin
antagonist has also been investigated. Intracisternal (PA pre-
vents vasospasm but does not improve outcome because of
increased bleeding associated with its use. Finally, although
antifibrinolytics reduce rebleeding, they increase delayed
cerebral ischemia and therefore are rarely used.

Hydrocephalus

Chronic hvdrocephalus occurs in 109 of patients after SAH.
It is due to obstructed pathways for cerebrospinal fluid drainage
{t.e.. subarachnoid venous granulations). Development of
arachnoid adhesions also prevents the reabsorption of cere-
brospinal fluid. If the blockage is incomplete, the problem
persists only for several weeks. Hydrocephalus that either causes
intracranial hypertension or reduces CBF can adversely
affect the outcome following SAH. Whether the aneurvsm is
occluded using surgical or endovascular technigues does not
affect the subsequent risk for hydrocephalus.

Acute hydrocephatus is associated with a poor clinical
grade and thickened subarachnoid or intraventricular hem-
orrhage on admission CT scans. It accurs in 15% to 20% of
SAH patients. Other associations are alcoholism, female sex,
older age, larger aneurysms, pneumonia, meningitis, and
hypertension. It is recognized by the onset of lethargy and
coma within 24 hours of SAH.

Development of acute ventricular dilatation soon after
SAH is a cause of sudden deterioration in neurologic status
and may require ¢xternal ventricular drainage to normalize
ICP. External ventricular drainage is used only when the
patient’s level of consciousness becomes depressed. Good
results have been achieved when this is done along with early
ancurysm occlusion. Ventriculur drainage should be used
with caution, however, to avoid changes in the transmural
pressure that mav precipitate ancurysmal reblecding.
Because acute hydrocephalus is ofien associated with

vasospasm, early aneurysm occlusion allows the o
hyperdynamic therapy and angioplasty. :

Half of patients who develop acute hydrocephalyg p
a ventriculoperitoneal shunt, but the need for a permas
shunt is reduced by external ventricular drainage. Predjgd
the need for permanent shunting include poor gra g8
admisston. rebleeding, and intraventricutar hemurrhagﬁ' 9

Chronic hydrocephalus, seen in 25% of patientsig
survive SAH, is an important cause of the subscquent
physical decline of patients who were originally in good
dition. Symptoms include an increasingly impaired jepalt
consciousness and the development of dementia, gait dizas
bances, and incontinence. A CT scan s indicated withey
month afier SAH to ascertain venricular size,

Abnormalities of Cerebral Autoregulation

The central nervous systerm is directly affected by SAH 4
resultant hematoma, vascular disruption, and edema,
interferes with cerebral autoregulation, which is the abj
the cercbral vasculature to maintain normal {(uncha
CBF over a wide range of cerebral perfusion pressures (mgd
arterial pressure minus ICP), from 50 to 150 mm i ¥
Importantly, this range is higher (shifts to the right}fg
patients with chronic hypertension. Intracranial aneurysis
{especially giant ancurysms) and SAH-induced hematog
and cerebral edema can cause intracranial hypertension, vl
a consequent decrease in the patient’s level of consciou
and the potential for brainstem herniation and death. Patie
with intracranial hypertension also have reduced CBE.yif
cerebral metabolic rate for oxygen. The extent of such impylis
ment correlates with the patient’s clinical grade. The respog

of the cerebral vasculature to changes in arterial cariigl
dioxide 1ension is preserved after SAH. A decline in carbyi
dioxide reactivity usually does not occur until there is extegh
sive disruption of cercbral homeostasis. o

Seizures
The seizure incidence after SAH is from 39 1o 26%. B
seizures occur in 1.5% to 5% of patients, and fate ones in 3
Seizures are detrimental after SAH because they increase
and cerebral metabolic rate for oxygen and also may call§
rebleeding, owing to increased blood pressure. Patients: i
highest risk for seizures have either thick cisternal blood on &8
scan or lobar intracerebral hemorrhage. Other risk factors i
rebleeding, vasospasm with delayed ischemic neurologh
deficits, middle cerebral artery aneurysm location, subcEgs
hematoma, and chronic central nervous system impairmenégs
Use of prophylactic antiepileptics is controv
because most scizures occur within the first 24 hours a8
SAH, ofien before hospitalization. Therefore, neurosurgeogs
use seizure prophylaxis (e.g., phenytoin, fosphenytoin,
tiracetarn) for only 1 to 2 weeks after SAH. Patients with
or more intracerebral hemorrhages or carly seizures recE
anticonvulsants for at least 6 manths.

Cardiac Disturbances .

Electrocardiographic changes occur in 279 to 100% S ‘
patients with SAH. Most common are T-wave inversion 0F g
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§ scgment depression. Others are new U or Q waves and Q-T
E interval prolongation. Rhy thm disturbances occur in 30% to
g0t of patients and include premature ventricular beats
(most commonl, sinus bradycardia and tachycardia, lower
escape rhythms, atrial fibrillation, and tachyarrhythmias
{atrial or ventricular in origin). Arthythmias commonly
occur within 7 days of SAH, with the peak occurrence
between the second and third days.

The extent of myocardial dysfunction correlates with
| the severity of ncurologic injury after SAH. The cause of
this dysfunction is believed 1o be related to hypothalamic
‘injury, with consequent autonomic imbalance and release
of catecholamines, causing myocardial ischemia and infare-
tion. Increased adrenergic tone may persist for the first
week after SAH. These SAH-related cardiac abnormalities
j are similar to those scen with acute coronary syndromes
(mvocardial ischemia, infarction, and reperfusion injury)
and may predispose patients to life-threatening arrhy-
thmias. Associated Q-T interval prolongation makes
gpatients more vulnerable 1o ventricular tachyarrhythmias
 (see Chapter &1). This risk is increased with low serum
Epotassium or magnesium levels and with drugs that prolong
the Q-1 interval. The routine measurement of Q-T inter-
vals may identify patients at risk for potentially lethal
rrhvthmias.

Often, the quuestion for the neurosurgeon and anesthe-
Esiologist is whether to proceed with surgical or endovascular
lervention to secure an aneurysm emergently, cven if a
pelav might put the patient at increased risk for rebleeding
grd compromise the treatment for vasospasm. Serial cardiac
ozymes and ventricular function assessment by echocar-
diography may indicate the magnitude of ischemia. Use of a
pulmonary artery catheter to measure pulmonary capillary
wedge pressure and cardiac output can both facilitate the
management of cardiac dysfunction and monitor the
ponse 1o hyperdynamic therapy for the treatment of cere-
pral vasuspasm. The presence of severe arrhythmias (about
P% of patients with arrhvithmias) or significant cardiogenic
monary edema may necessitate postpening surgical or
ndovascular intervention until treatment has begun.
rophylactic B-adrencrgic Mlockade can improve the cardiac
ame in same patients,
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Arteriovenous
Malformation: Normal
Perfusion Pressyre
Breakthrough ;

Shailendra Joshi and William L. Younyg s
Case Synopsis i!
A 3-vear-old woman s given general anesthesia for resection of a right superior 2
temporal gyrus arteriovenous malformation (AVM) measuring 3 by 3 by 2 em o

(Figs. 180-1 and 180-2), Afier surgery, her mean arteriaj pressure increases to 100 mm Hg

when phenylephrine is used to confirm surgical homeostasis (Fig. 180-3). The patient
¢merges from anesthesia without neurologic deficits. Six hours later, she complains of
asevere headache, vonnits, and becomes lethargic. The right pupil is dilated. Immediate
computed tomography scan reveals a large hemorrhage into the operative site and a
midline brain shif (Fig. 180-4). Afier surgerv 10 evacuate the clot, there is no residual
AVM, the feeding artery is thrombuosed, the surrounding brain js lax, and a vesse) on the
anterior rim of the AVA bed is identified as the source ot bleeding. Postoperative new.

rologic exanunation reveals an appropriate response to painful stimulj and recovery of
pupiilary reaction. Feour hours later, the patient’s Intracranial pressure suddenly

Increases from 10 10 80 mm Hg and her pupils become fixed and dilated. Immediate

Tepeat exploration reveals the source of hemorrhage to be an arterial vessel on the

posterior nm of the AVM bed. The brain i edematous and adheres to the dura. The post-
operative neurologic evaluation shows no improvement. Subsequent examination shows
no evidence of brainstem function, and serial clectraencephalograms are iseelectric,
The patient dies. At autopsy, there 1s no residual 4V )\,

PROBLEM ANALYSIS with the potental for cercbral edemna formation and I_
Although this is an attractive hypothesis, U jpathophy

Definition opy has not been proved. Abnormal vascular FEALtIvILY, §
as an impaned vasodilator Tesponse 10 acetazolannde,

.\'ormalperfusionpressurcbreakrhrough (NPPB)afier AVM  been observed in regions adjacent w cervhral AVMs

resection us a catch-all term that describes unexplamed  show marked hyperperfusion afier resection. Possibly, NPPER
miraoperative brain swelling or diffuse bleeding from the  shares certain similaritics to cercbral hyvperemia after caroth
AVM bed or unesplained postoperative brain swelling or endarterectomy or transluminal angioplasty and stenting &,
intracranial hemorrhage (ICH). Nppg 15 a diagnosis of extracranial cervica) arteries, E
-exclusion. Although much has been written abowt NPPB, the Some observations argue against a “hydraulic hypotiehd
lack of a rigorous defimition makes interpretation of the si8” to explain the pathophysiology of NPPB, First, hypots
extsting literature difficul. sive vascular beds in proximity to the AVM retain the ab
The proposed pathaphysiology of NPPR is as follows: 1o vasoconstrict. Also, pressure autoregulation can be sho
Figh biood flow through the arteriovenous fistuls credtes a - anthese hypotensive beds, although the cercbral autoreg
region of chronic cerchral hvpotension in the neighbormg  tion curve is shifted to the left. Second, severe cerebs K
vascular ternitories. Chronic cerebral hypotension may Jvad hyvpotension (feeding artery pressure <50% of systemih
104 state of near-maxinl vasodilatation and vasoparalysss  blood pressure) i normal, functional vascular beds is of
that impairs the vessely' ability 1o constenct or even difage SCCD N proximity to an AVM fapproximately half of cas
etfectively. Facision of the fow-resistance AVAM shung although NPPB is a rare complication of AV'M surge
restores perfusion in the tormerly potensne regions of  Third, NpPPR hyperenuis is not imied 10 hyvpotensive 2

brain. However, ow g to the inabiliny of these beds 1o effe. near the WAL it appears 1o be global, r
tvehy vasoconstric, normiilization of cerebral perfusion Alternative mechanisms for unexplained hf.'morrl_! :
pressure results in cerebral hvperemig (Clusury perfusion™),  or swelling have been suggested, such as (1] IHrCCOgnIZeey
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Recognition

NPPB is a controversial entity, and the diagnosis carries a
certain degree of subjectivity. The incidence of NPPB after
AVM resection is about 2.5%. NPPB is a diagnosis of exclu-
sion, after more common causes of cerebral edema or
hemorrhage have been ruled out. Causes of cerebral edema
after AVM resection include hypoxia, increased venous pres-
sure, decreased serum osmolality, systemic hypertension,
and surgical trauma. After AVM resection, ICH may be due
to the presence of residual AVM, poor control of systemic
bleod pressure, or uncorrected coagulopathy.

Risk Assessment

Predictors of NPPB after AVM ablation remain controversial,
Some have proposed that large (24 cm} AVMSs with high
blood flow through the shunt and evidence of decreased per-
fusion in the neighboring regions may predict an increased
likelihood for NPPB. Intraoperative monitoring of cerebral
blood flow with laser Doppler or near-infrared spectroscopy
may also reveal patients at risk of developing postoperative
hyperemia. A sudden increase in laser Doppler blood flow in
cortical regions adjacent to the AVM, after tem porary clipping
of the feeding arteries, is often scen in patients at risk for
developing NPPB. Intraoperative near-infrared spectroscopy
permits measurements of tissuc oxypen saturation and blood
volume. An increase in pre- to post-resection oxygen satura-
tion and a blood volume ratio greater than 2 might indicate an
increased risk for NPPB. Postoperative bluod flow mapping
by positron emission tomography (PET) or single photon
emussion computed tomography (SPECT) may help predict
NPPB. There 1s no evidence that the choice of anesthetic agent
influences the development of NPPB.,

Implications

Although NPPB represents a class of complications without
a clearly defined cause, it has been suggested that staged sur-
gical resection or endovascular embolization could reduce
the likelihood of NPPB. Staged resection or embolization
permits vessels t adapt to increased perfusion pressure by
gradually normalizing cerebral perfusion pressure {or it may
permit adaptation to as yet unidentified pathophysiologic
changes). Changes in cerebral blood flow afier ablation
of the AVAL, however, may not be related to the preinterven-
tion feeding artery pressure. Despite the lack of precise
pathophysiologic information, preoperative endovascular
embolization may serve other useful purposes, such as
facilitating surgery by minimizing intraoperative bloed
loss or by defining the location and extent of the AVM.
Embolization may also reduce the size of the AVAL, making
it more amenable to surgery or radiosurgery. It might also
alleviate neurclogic symptoms by decreasing the AVM mass
effect and reducing tissue perfusion in adjacent areas.
Recent evidence suggests that another techmique used
for AVM removal might affect the incidence of subsequent
rebleeding, at feast for small (<3 ¢cm) AVMs located in critical
ar cloguent arcas of the brain (e.g., sensorimotor, language,

or visual cortex; hypothalarmus or thalamus; jnpersd
sule; brainsteny; cerebellar peduncles; dee .
nuclei), where rebleeding often resuits i disabling
logic defects. Stereotactic (gamma knife} radig
often used to remove such small AVAMs and provig
ographic evidence of AVM “cure” {obliteration) jg;
95% of patients after a latency period of 3 10 5 yearg'§
was how bleeding during the latency periad would #
with bleeding in patients with similar by untreategd
[t was found that the risk of hemorrhage from smbth
was significantly reduced after radiosurgery (bl
angiographic obliteration) and was even lower afiedl
graphic obliteration. Whether radiosurgery for lapgdl
would reduce the incidence of rebleeding compag
surgical resection 1s unknown, but it might be testedss
cal AVM resection is recommended for less
located, larger AVMs amenable to surgery, but some iy

choose radiosurgery instead because seems less imeadl

MANAGEMENT

Unexplained cerebral edema or ICH after AVM res
managed using standard cerebral resuscitative guidcl
Treatment of cerebral edema requires careful manas
of fluid and clectrolyte imbalances, judicious use of ogg
and loop diuretics, and attention to cerebral perfusiem
sure. Severe symplomatic swelling may necessitatgh
trolled ventilation and, rarely, barbaturate coma, If ’
suspected, blood pressure is empirically maintai
10% of the baseline. Cerebral outflow pressure (ie, £
venous or intracranial pressure) must he maintaisy
levels consistent with adequate cerebral perfusion )
diac preload. If deliberate systemic hypotension i
assessment should include whether it is necessary toj§
tain coilateral perfusion in any cerebral territories thadg
have their primary feeding supplics interrupted duringg
resection. Surgical intervention may be required for rel
of intracranial blood clot or for instuution of intradh
pressure monitoring. ;

PREVENTION

In the absence of a clearly defined explanation of
empirical strategy is to prevent cercbral edema and i
rhage aficr AVM resection by careful control of g
blood pressure to avoid hypertension. The use of intg
ative embolization of the AVM nidus via the ligated J§
arteries while the patient is under general anesthil§
been noted to prevent NPPB in high-risk cases.
temic hypertension is sometimes used to test surgicaly
ostasis before dural closure. Once thus has been &
however, the systemic blood pressure must be mais s
close 1o the patient’s baseline blood pressure as feasi
After resection of an AVM, strict maintenance 3
motension may serve two purposes, lirst, preveriths
blood pressure increases may be important for the g
tion of postoperative hematoma. This could be cati}

.:
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rupture of cauterized stumps of dvsplastic feeding vessels
1o the AVAL or an umdentified residual nidus. Second,
E avoidance of hyvpertension prevents the cerebral hyperemia
L and cdema that result from exceeding the upper Himit of
the flow-pressure autoregutation curve. This can he
explained as follows: Functinnally normal but chronicaity
8 hvpotensive cerebral beds in proximity to the AVM show a
b lefiward shift in the cerebral autoregulatory curve. It is gen-
: erally helieved that in intact human cerebral circulation,
‘cerchral hyperenna and edema occur whenever cercbral
_perfusiun prussure increases bevond the upper limit of
Eautorcgulation. If the cerebral autaregulation curve shifts
Fto the left, it may be that the upper limit of pressure
pautoregulation also shifts to a lower pressure. Ablation of
the AVM shunt increases the regional perfusion pressure in
the hypotensive arcas, even at normal systemic arterial
Ppressures. The magnitude of increase in the regionai perfu-
gsion pressure is difficult to predict. In the absence of means

gelected high-risk cases, mild systemic hypotension might
Eninimize the chances of pust-resection hvperemia and
pedema. Lecreasing systemic perfusion pressure, however,
gmight jeepardize brain regions that depend on collatera)
frathvwavs for the maintenance of perfusion. Therefore,
Induced svstemic hypotension to any significant degree
fhould be considered carefully within the context of the
batient’s overall circulatory status,
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Lynda Wells

Case Synopsis

A previously healthy 14-month-old child is admitted to the emergency department
following a motor vehicle accident in which he sustained a closed head injury associated
with loss of consciousness and a large scalp laceration. A grand mal-type seizure occurs
on arrival at the hospital. Physical examination reveals a lethargic, tachypneic, hypotensive,
and tachycardic child. His pupils are equal and reactive, and there is no evidence of
papilledema. Computed tomography scan of the head reveals diffuse cerebral swelling
and subdural hematoma. He undergoes anesthesia for a craniotomy to evacuate
the subdural hematoma, repair the scalp laceration, and place an intracranial

pressure (ICP) monitor.

PROBLEM ANALYSIS

Definition

Surgical procedures in children with central nervous system
(CNS) pathology are performed to correct pathologic enti-
ties (e.g., evacuation of hematoma, excision of tumors or
seizure foci, closure of meningomyelocele) and to facilitate
monitoring (e.g., [CP monitaring). Brain tumors are the
most common solid tumors in children and are the second
most common malignancy after the leukemias. Trauma is
the leading cause of death in children older than 1 year, and
traumatic brain injury { TBE) is the major cause of morbid-
ity and mortality. Outcome is determined by the extent of
primary and secondary brain injury. The former is the bio-
mechanical injury that occurs with trauma; it is irreversible.
Management must focus on preventing the sequelae of
primary brain injury, termed sccondary brain imjury
{Table 181-1); these management goals include reducing
cerebral edema, preventing cerebral hypoxia, maintaining
cerebral perfusion, avoiding increascs in the cerebral meta-
bolic rate for oxvgen, and avoiding damage to neuronal
membranes. Similarly, prevention of secondary brain injury
is the focus of treatment for nontraumatic CNS lesions.

Table 181-1 = Prevention of Secondary Brain Injury

Maneuver Expected Effect

Recognition

The most reliable signs of TBI severity are degree of chang
in level of consciousness and impaired CNS functiog
The Glasgow Coma Scale score {sce Chapter 182 a
Table 182-1) adapted for pediatric patients provides a tool tof
assess the severity of primary and secondary brain injurpé
and trends. The major cause of secondary brain injurpd
involves failure of perfusion, leading to tissue hypoxia and
brain edema. Associated brain swelling impairs tissue perfudid
sion, leading to further CNS functional duterioration. The¥y
failure of cerebral oxygenation arises from hypoxemiads
hypotension, hypovolemia, hyperemia, and acidosis. >
When the pathologic process evolves slowly (eg
expansion of solid tumors), physiolugic compensation mapg
occur. However, in the event of TRI, cerebral edema evolves
quickly, and any compensatory mechanisms are casily over
come. The intracranial contents in children are less compl
ant than in adults. Thus, comparable increases in JCP 2
more likelv to produce ischemia and herniation in childres
than in adults. Although hyperemia and increased cereb
blood flow in response to TBI were once considere d¥
common in children, recent data suggest that hyperem
may not be so common. Open fontanelles du not automnati-j
cally exclude brain injury from increased 1CP. ;

30-degree head-up tilt (waist up)
Mechanical ventilation

Increases cerebral venous drainage while maintaining CPP .
Maintains normocapnia o siight hypocapnia to prevent cerebral vasodilatation and T ICP

Systemic steroids

Muscle paralysis
Ventricular drainage
Antihypertensive drugs®

Anticonvulsants
Mild hypothermia
Barbiturate coma

improves outcome with spinal cord injury; reduces vasogenic cerebral edema with tumors;
stabilizes neuronal membrane; may act as free radical scavengers

Avoids coughing, straining, or other movement that might increase 1CP

Reduces ICP

Prevents further cerebral edema or hemorrhage leading to further ischemia, especial’y
when due to cerebral vasospasm

Prevents seizures and associated increase in ICP and CMRO;

Reduces CMRO; and cerebral glucose consumption

Reduces CBF and CMROQ; and may have membrane-stabilizing effect

=For cxample. dibvdropvodaee calosm channed blockers
CMRUY., cerebral merlwhic rate for axvgen, CRE cereliral blood ow. CI'F verebial peefisum pressure,
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,- CSF CSF SEP
T Agent MAP CBF cerp ICP CMRO, (Synthesis})  (Absorption)  (Amplitude) SEP {Latency)

Nitrous oxide Oorl TorTT || TorTT lorT Tord Torl L Tor0
Halothane li ) T T 1 Tord Dord 4 T
Enflurane I T T T (NS il i T
lsoffurane iR T i T il lor T 1) l T
sevoflurane il T T T R ? ? l T
Destiurane i1 ) T T l 1 1 1 T
Thiopental 1 AN T Ul il Torl T l T
propolol Ll L T1 i Wi ? ? T T
Etomidate gorl 1Ll T il E Torl T T T
Ketamine 11 T 1 T T Torl 1 T 0

Benzodiazepines QOor! 1l T Oorl L Torl T T Oor?
b ' Opiates Oorl | Torl Oorld 1 Tord T 1 T
L i T 1 Oorl Torl ? ? ?

_ Droperidol
r

aterral pressuee, SER semistisensary «vohed potential,

The presence of cervical spine trauma should always be
assumed in children with TR Infants and young children
arc muore hkely to experience cervieal spine trauma than are
older children, owing to their large heads and relatively weak
necks. I igamentous injury is common in this age group. In
contrast, bony injury is extremely rare. Therefore, unless
there 15 radiologic cvidence of odontoid displacement or
g ipinal cord edema, cervical spine injury is diagnosed based
solelv on the chnical cxamination. Because this is ofien not
gpossible when TBI presents, cervical spine trauma is pre-
aumed to exist. Also, neurologic signs from spinal cord
injurv may be absent imitially,

Risk Assessment

Risk assessment relates to the likelihood of death or perma-
ment (NS functional impairment. TBI that involves or is
immudiatelv adiacent to vital structure is more likely to he
Eompounnded by the need for surgical intervention: thus, it is
rsociated with higher morbidity. Evidence of primary cor-
Bical brain injury (c.g., intracranial hematoma, scizures) and
e presence of risk factors for secondary brain injury (e.g.,
@povolemia, impaired ventillation] indicate more severe
Bl as weil as increased morbidity and mortality.

Classic signs of intracranial hypertension seen in adults
§°8-+ papilledema, pupillary dilatation, cranial nerve palsics,
adache on awakening, vomiting) may be absent in chil-
Bren, cven when ICP approaches fatal levels, The presence of
racramial hematomas with acute TBI indicates a signifi-
BN foree of impact. Seizures after TBI also indicate signifi-
Uparenchymal injury. Spinal cord injury is assumed to be
esent in all cases of head trauma, at least until a definitive
EN0sis can be made,

ENplications

Be danger of intracranial pathology is that expansion in an
Bcloscd space leads (o brain compression, causing ischemia,
elling. and loss of function that can be permanent and
Besibly fatal. Seizures greatly increase the cerebral metabolic

CBL crshral blaved flow CAMRO - curebral metabwlic rai for oxvgen. CPP serebral peslusion pressure; ©SE, cerghrosprna Dud; 1P imtracransal pressire, MAP, mean

rate for oxygen. They are also associated with regional
ischemia that can lead to cell death and loss of cognitive and
functional abilitics. Compromised integrity of the mem-
branes covering the CNS (e.g., meningomyelocele) presents
a significant risk for infection, as well as cerebrospinal fluid
loss and hypothermia,

Many children who present for surgical removal of
tumors are malnourished and debilitated duc to nausea,
vomiting, and neurclogic dysfunction with increased 1CP
Acid-base, electrolyte, and endocrine abnormalities may be
present. Patients with paralysis of an extremity of greater
than 24 hours' duration are at risk for an exaggerated hvper-
kalemic response to succinvlcholine. Obtunded patients are
at increased risk for aspiration, airwav obstruction, and
hypoventilation.

Anesthetic management can influence the outcome and
long-term prognosis in pediatric neurosurgical patients
(Table 181-2). Therefore, conducting a thorough preopera-
tive assessment, with indicated laboratory and radiographic
studies; maintaining a stable intraoperative course (e.g.., pre-
serving cercbral perfusion while preventing increased 1CP);
and providing this same Jevel of care throughout the postop-
erative period are critical,

MANAGEMENT

In TBI. immediate attention is directed to establishing the
atrway, ventilation, and circulation. Supplemental oxvgen, a
secure airway, and intravenous (1V) cannulation are required.
A Glasgow Coma Scale score ol 9 or less is an indication for
tracheal intubation, because the patient will be unable to pro-
tect bus or her airway. A history is taken and a comprehensive
physical examination is performed as soon as possible ta eval-
uate medical comorbidities and the extent and severity of
other physical injuries. Spinal cord injury precautions are
taken. Any obvious bleeding should be controlled. Blood
should be sent for complete blooad count, coagulation studics,
clinical chemistry, and type and crossmatch. Radiographic
investigation includes computed tomography scans of the
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head, neck, and chest. Other investigations are performed
based on the history and clinical findings.

Anesthetic management is geared toward preventing
further increases in ICP and maintaining cerebral perfusion
pressure. Anxiolytic premedication is often unnecessary n
neurologically compromised children. If the child is crying
and agitated, hawever, small doses of [V midazolam or rectal
barbiturates may be given, provided airway patency and
adequacy of ventilation are ensured.

After preoxygenation, anesthesia is usually induced with
an IV induction agent {c.g., sodium thiopental). Ketamine
and methohexital are generally contraindicated; the former
increases ICP, and the latter lowers the scizure threshold.
Rapid-sequence induction is indicated in patients who have
not fasted or in whom there is an aspiration risk. If inhala-
tion induction is desired, moderate hyperventilation is used
to counter any vasodilatory effects of volatile anesthetics on
the cerebral vasculature. Once effective mask ventilation is
established, gencrous doses of apiates are given to obtund
the sympathetic response to laryngoscopy and tracheal intu-
bation. JV lidocaine also biunts the stimulus of laryngoscopy
and tracheal intubation.

Muscle relaxation with succinylcholine and atropine is
used to facilitate endotracheal intubation. if succinylcholine
is contraindicated, a large dusc of a nondepolarizing drug
(e.g., rocuronium} is used. The airway should be sccured as
efficiently as possible to ensure optimal ventilation and to
avoid hypoxia and hypercarbia. The necessary equipment to
deal with a difficult airway should be on hand in the event of
unanticipated difficult intubation. If there is doubt abouwt
the ability to secure the airway in a timely fashion, tra-
cheostomy should be considered. In-line neck traction with
direct laryngoscopy and fiberoptic-guided intubation are
equally effective at minimizing cervical spine injury associ-
ated with intubation. The former is the more usual approach
in small children, but practitioners should use the technique
with which thev are most facile. Moderate hyperventilation
{arterial carbon dioxide tension 30 to 35 mm Hgl is
indicated to prevent cerebrovascular vasodilatation and the
subsequent increase in cerebral blood flow and edema
formation. Hyperoxia is unnecessary, and hypoxia must be
avoided.

Ancsthesia is maintained with opioids and IV infusions
of barbiturates or propofol, or with volatile anesthetic agents.
Nitrous oxide is contraindicated in the presence of pneumo-
cephalus, which can be present up to 3 weeks after previous
craniotomy. Muscle relaxation 15 maintained to facilitate
mechanical ventilation, prevent involuntary patient move-
ment (e.g., coughing, bucking), and avoid increases in ICP.
The drugs used for anesthetic induction and maintenance are
chosen based on their effects on cerebral perfusion pressure
and the patient’s overall condition (sce Table 181-2).

Hemodynamic stability is maintained using blood, crys-
talioid infusions, and vasopressors, as required. Osmotic
pressure gradients are more important in avoiding cerebral
edema than are oncotic pressure gradients. Thus, crystalloid
rather than colloid infusions are the mainstay of fluid ther-
apy. Hypertonic solutions (c.g., 3% saline) are reserved
for refractory increased ICP. They are not advised in the
perioperative period. Fluid maintenance is usually with
0.9% saline or balanced salt solutions with a physiologic

osmolality (285 to 290 mOsm/L). Because 0.9% g 28
slightly hypertonic {306 mOsm/L), it can be given
relatively hypotonic salt solution if large volumes of g8
are required. However, infused volumes are limited 147§
replacement of deficits and surgical Josses, and th
maintained to avoid the exacerbation of coexisung cerojes
edema. Blood should be given early in cases ussociated iy
hemorrhage to prevent anemia, which can increase
morbidity. Glucose-containing solutions should be
only to maintain serum glucose in the normal range, M Pl
Paticnt monitoring includes the following: pulse o :
try, capnography. electrocardiography, invasive blood presags
central venous pressure, urine output, temperature, precocdl
Doppler, and ICP monitoring if available. Cannulation of S8
femoral vein may be preferable to use of the internal jugii
vein to avoid accidental neck trauma, which may agg -
already increased ICP. Hyperthermia must be avoided: i
this increases the cerebral metabolic rate for oxvgen. Norp
body temperature or mild hypothermia is desi 4
However, deep hypothermia should be avoided, becauss §e
is associated with disorders of coagulation and pluc
control as well as arrhythmias. Also, shivering on awakenig
increases the cerebral metabolic rate for oxygen and showl
be avoided. if surgery involves or is proximate to the sensof
or motor cortex, sensory and mator evoked patentials el
be measured. However, motor evoked potentials cannotdeg
monitared in denervated limbs or in the presence of newsg
muscular blocking drugs. The electroencephalogram is monl
tored in patients undergoing surgery for seizures and song
neurovascular lesions. &
Careful positioning 1o avoid injury to soft tissues (e
cyes, nose, ears, joints, peripheral nerves) is required. Headl
up tilt (15 to 30 degrees) improves cerebral venous draindgl
but increases the risk for venous air embolism.
Smooth emergence and extubation are important
prevent increases in ICP due to cerebral venous conge e
This is facilitated by sufficient analgesia and antiemesigEg
Ondansetron is a popular choice because of its lack 48
sedation. Except after certain neurovascular procedures, il
patient should be awake before tracheal extubati
and should exhibit good muscle strength and ventilate
drive. Consequently, muscle refaxation should always
reversed. When therc is anv doubt whether the patient
maintain adequate spontaneous ventilation, he or
should be sedated and left intubated and ventilated.
patients are cared for in the pediatric intensive care
postoperatively. A
Postoperative complications include jmpaired ventiieg
tion in earlicr extubated patients and intracranial blceding
Diabetes insipidus may also occur. Intracranial bleeding i
usually signaled by a diminishing level of consciousness 9
increasing ICP in an unconscious patient. Emergent entl
computed tomography is indicated ta confirm the diagnosias
and guide further management. -
Diabetes insipidus is characterized by the passage
copious volumes of dilute urine, with imcreased se
sodium concentrations and osmolality. It often occurs
surgery for hypothalamic tumors and TBI. Treatmel
consists of (1) replacing urine volume with dilute crystab
(2) infusing aqueous vasopressin (1 10 10 mu'/kg per h
and (3) monitoring serial serum electrolyte concentrat
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Piabetes insipidus is ofien transient. Rebound volume
g overload and water intoxication can occur if vasopressin
is not stopped and the fluid regimen is not adjusted when
diabetes insipidus resolves,
Finally, antibiotic and anticonvulsant therapy is contin-
ued through the perioperative period, both for prophylaxis
and [or treatment,

PREVENTION

b prevention of primary TBI is best achieved through sociopo-
linical interventions and public education (e.g., use of appro-
- priate child restraints in motor vehicles, obeying speed
¥ limits). Sccondary brain injury is prevented by meticulous
management of brain-injured patients, both in the field and
L i health care facilities. Aggressive resuscitation to maintain
' adequate osygenation, ventilation, stable hemodynamics,
i and cerebral perfusion pressure, while minimizing intracra-
 nial hypertension, is the mainstay of therapy. Other thera-
peutic or prophylactic interventions are instituted after
" initial resuscitation and stabilization. New technologies {e.g.,
stercotactic-guided excision of intracranial tumors) have
helped reduce the adverse impact of iatrogenic brain injury
¥ ift podiatric neurosurgery.
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Head Injury :
E:
3
Arthur M. Lam and M. Sean Kincaid " b
Case Synopsis E §
A 22-year-old previously healthy man sustained a head injury and an open right femur :
fracture in a motorcycle accident. His initial Glasgow Coma Scale score was 9, and his e
right pupil was dilated and unreactive. Tracheal intubation was performed at the scene, 1.3
and he was transported to the trauma center. A computed tomography scan revealed a a
large right epidural hematoma with a midline shift. Initial hematocrit was 32 after the T
administration of 2 L of crystalloid. His blood pressure was 130/80 mm Hg, and his -
heart rate was 120 beats per minute. He was scheduled for emergent evacuation of the ST
epidural hematoma, followed by open reduction and internat fixation of the femur. i ?*
s
i

PROBLEM ANALYSIS

Definition

Head injury is a common problem, with an annual incidence
of approximately 200 per 100,000 persons in the
United States. Many of these injuries are minor, with few
sequelae, but some are devastating. Car and motorcycle
crashes are the most common cause of traumatic brain
injury (TBI), followed by injuries froms firearms, falls, and
sports.

Severe TBI is defined as any injury that results in a
Glasgow Coma Scale (GCS) score of 8 or less after adequate
cardiopulmonary resuscitation. Damage to neural tissue
directly related to trauma is considered the primary injury
and includes cerebral contusion, diftuse axonal injury, hem-
orrhage into the cpidural or subdural space, and intra-
parenchymal hemorrhage. Secondary injury is any insult to
the brain occurring after the initial TBI that causes further
neuronal damage. Although cerebral ischemia or hypoxia is
the ultimate cause of secondary brain injury after TBI, sys-
temic or local insults often contribute to such injury. Among
these are clevated intracranial pressure (ICP), systemic
hypotension, and hypoxemia.

Neuronal death is likely mediated by complex biochem-
ical processes involving the release of excitatory amino acids
(e.g., glutamate} and the cellufar influx of calcium. Actual
cell death may be necrotic or apoptotic in nature. Preventing
or reducing secondary brain injurv is the focus of most med-
ical management of TBI in both the intensive care unit
{ICU) and the operating room,

TBI is often ussociated with other injuries { as illustrated
in the case synopsis). Thus, anesthesiologists may care for a
patient during surgical intervention for TBI (e.g., evacuation
of subdural hematoma, decompressive craniectomy) and for
laparatomy or fracture fixation, as well as in the 1CU,

Recognition
Primary TRAUMATIC BRAIN INJURY

Clinical Signs. TBI is suspected when head trauma is
associated with mental status changes. Severity of VBI is
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commonly assessed by the GCS, which assigns a score 1o
patient’s best motor, verbal, and eve-opening abilities ( Table
182-1}. A total score of 8 or less indicates severe THI. Use of. 75"
the GCS 10 evaluate patients with TBI reduces interobseryepi
variability and allows for the comparison of scrial examina RS
tions to evaluate disease resolution or progression. However, 208
use of the GCS as a prognostic indicator is controversial,
Further, assignment of a GCS score is appropriate only after /88
adequate cardiopulmonary resuscitation, especially if severe il
hypotension or hypoxia is present. :
Along with the GCS, pupil evaluation is important. TBJ;
may manifest as alterations in pupil size, symmetry, and
reactivity to light. With acute unilateral mass lesions, an ipsi- .
lateral dilated and unreactive pupil suggests uncal hernia-
tion. In contrast, bilateral fixed and dilated pupils suggest= i
severe intracranial hypertension (1CH) that may result ins3
brain herniation, 5 _
Vital signs may reflect the patient’s overall clinical status {358
aside from any TBL. For example, hypotension and tachyca -4
dia may be due 1o concealed hemorrhage with a femur frace g
ture, and hypertension may be due to pain. Vital signs also

Table 182-1 » Glasgow Coma Scale Score

Eye Opening
Spontaneous

To speech

To pain

Maene

Verbal Response
Oriented
Confused
inappropriate
Incomprehensibile
None

Motor Response

Obeys commands
Localizes to pain
Withdraws to pain
Flexes to pain
Extends to pain
None

= N B -t B

Ll R PN N ¥ W .Y




=
7]
i

Chapter 182 Head Injury

provide significant insight into the nature of TBI. Severe
. hyperiension may be compensatory (i.c.. 10 preserve cerebral
criusion pressure [CPP} in severe 1CH; CPP is mean arle-
b rial pressure [MAP] minus 1CP), Severe systemic hyperten-
[ sion with bradveardia is an ominous sign {Cushing’s reflex).
It significs impending brain herniation and requires imme-
diate therapeutic intervention.

Computed Tomography Findings. Cranial computed
tomographv (CT) is highly sensitive for detecting intracra-
pial hemorrhage and acute miass lesions. CT findings that
support a significantly elevated ICP include the following:

. » Alass lesion greater than 25 mL

» Midline shift of 3> mm or more

§ o Compression of the basal cisterns or lateral ventricles
o Medial displacement of the uncus

SECONDARY BRAIN INJURY

Secondary brain injury is due to systemic or cercbral factors
(Table 182-21. Among these, hypoxia and ischemia are most
likely to have an adverse impact on TBI outcome. However,
the neurologic defects of primary TBI may obscure the signs
- of sccondary injury due to cerebral hypoxia or ischermia.

Although the calulation of CPP (which requires an arterial
line and 1CP maonitor) is useful with abnormal head CT
findings, even a normal CPP does not preclude secondary
ischemia or cerebral hvpoxia.

Other monitors are used 10 assess cerebral blood flow
{CRI1 and brain perfusion. A jugular venous bulb aximetric
catheter (1BC) continuoush measures brain venous oxvgen
f saturation (Sjvo.). Low brain perfusion increases OXygen
extraction, causing a drop in Sivos, while nonfunctioning
brain extracts little oxvgen to cause high Sjvo; values. Sivo;
less than 53¢ or greater than 75% is associated with a poor
prognosis. Sivo; catheters are espeaially useful to monitor
cerebrat metabolic rate {CNR) when deliberate hyperventi-
lation is used in TBI to reduce global CBE. JBC lactate con
i centrations may also reveal anacrobic brain metabolism if
E they are higher than stmultaneously drawn arterial lactate
b concentrations. A limitation of JBC is that it monitors only
global CBF-CMR balance. Sjvo, values can be normal
despite small regional arcas of ischemia.

Two other devices may provide greater sensitivity for
monitoring regional brain ischemia than the JBC: brain tissue
Y oxvpen tension (Py,0.) monitors and microdialysis catheters.

Table 182-2 = Risk Factors for Secondary Brain Injury

Neither is as widely used as the JBC, but the Py.o: monitor is
readily available for clinical application. It provides a contin-
uous measurement of brain parenchymal oxygen tension.
This reflects the balance between local brain supply and
demand for oxygen. Doppenberg and coworkers showe
close correlation between P,0, and CBE A Pyo. of 26 mm
Hg was about equivalent to a CBF of 18 mL/AIG g per
minute (i.c., ischemic threshold). Also, a P,0, of approxi-
mately 39 mm Hg is correlated with a good outcome,
whereas one of 19 mm Hg correlates with a bad outcome,
thus offering some guidance for therapeutic intervention.
The normal Py,0. is greater tuan 20 mm Hg,

Microdialysis catheters are placed in brain parenchyma,
where they continuously perfuse the brain with a perfusate
and sample small volumes of fluid (the dialysatel, which is
1ested for lactate and pyruvate concentrations to estimate
the balance between anaerobic and acrobic metabolism. in
addition, glutamate, glucose, and glycerol can be measured.
However, a fairly long lag time is needed 10 analyze samples,
which hinders real-time clinical decision making. Thus,
microdialysis catheters are predominantly a research ool in
their present form.

Risk Assessment and Implications

Hypoxia and Hypercapnia. TBI paticnts are at increased
risk for airway obstruction and hypoventitation, These lead
to hypoxia and hypercapnia, which cause cerebral vasodi-
latation. The latter mav aggravate any ICH.

Elevated Intracranial Pressure. An acute miss lesion
increases ICP and reduces CPP. Increased ICP can lead 1
brain herniation, with catastrophic consequences.

Systemic Hypotension and Hypovolemia,  Adults usually
do not become hvpovolemic and hypotensive as & result of
bload loss from TBI alone. In contrast, small children can
Jose enough blood with TRI to become hypotensive. Other
injuries (e.g., splenic rupture, femur fracture) can make TRI
patients hypotensive and further compromise CPP in those
with increased 1CP. Compensatory hypertension and brady-
cardia (Cushing’s reflex) with clevated 1CP may turther
complicate the clinical picture. Thus, in patients with TBI,
normotension and tachycardia can still be compatible with
severe hypovolemia, with the latter “concealed™ by increased
systemic vascular resistance {Cushing’s reflex). Thus, ample
blood pressure may give clinicians a false sense of security

Systemic Factors

Increased intracranial pressure
i Expanding mass lesions
Iypercapiia
Hypoxemia
Venous obstruction (cervical collar, poor positioning)
Systemic hypotension (compensatory cerebral vasodilatation)
8 . Excessive hyperventitation

Seizures

! Post.lraumatic vasospasm (patient with traumatic subarachnoid hemorrhage)

Hypotension
Hypoxemia

Anemia
Hypovolemia
Hyperglycemia
Hyponatremia
Hypo-osmolar state
Coagulopathy

~ JOTOWTVHLHAO
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i Blood Pressure

jcpp
autoragulation
T IcP Vasadilation
poor
comphance
1 Cerebral

blood volume

Figure 182-1  Vusodilator cascade, showing the potential interaction
between systemic hyputension and intracranial hemodynamics when
autoregulation 15 intact. A cascade in the epposite ditection alse ocoars
when blood pressure is inureased. CPP cerchral perfusion pressure; JCP,
intracranial pressure.

regarding the progress of resuscitation. Should ICH be
relieved by decompressive craniectomy or evacuation of an
intracramal hematoma, profound hypotension or cardiac
arrest may occur.

Of all the factors associated with secondary brain injury,
systemic hypotension is likely the most significant. With
impaired cerebral autoregulation, it invariably leads to
reduced CPP. Patients with intact autoregulation but
reduced intracranial compliance are also at risk for impaired
CPP with hypotension. Reduced MAP dilates cerebral vascu-
lature to increase cerebral blood volume and ICP. This
increase in ICP further compromises CPP, leading to further
compensatory cerebral vasodilatation. This vicious circle is
referred to as the vasodilator cascade (Fig. 182-1).

Impaired Autoregulation. Cerebral autoregulation is a
homeostatic mechanism that maintains near-constant per-
fusion of the brain over a wide range of MAPs. In normal
adults, this range is 60 to 160 mm Hg. Autoregulation may
be impaired in patients with TBI, and although the fre-
quency of impaired autoregulation is higher in patients with
severe TBI, it is clinically impossible to predict which
patients will be affected. Even minor TBI may impair
autoregulation. If so, CBF becomes directly proportional to
blood pressure. Loss of cerebral autoregulation is associated
with worse outcomes with TBI.

Coagulopathy.  Severe TBI liberates enough thromboplas-
tin from damaged neurons to cause coagulopathies, which
may be mild to severe. They can increase surgical morbidity
and mortality, can preclude or delay extracranial surgical
procedures, and are associated with poorer outcomes.

Pyrexia, Fever raises the CMR, increasing the risk for
ischemia and neural injury, especially when cercbral perfu-
sion is marginal. Cerebral blood volume increases with
pyrexia owing to flow-metabolism coupling, exacerbating
any ICH. Although human studies do not conclusively link
body temperature to outcome in TBI, both animal and

human studies have linked brain infarct size and oyt
ischemic brain injury. :

i
Hyperglycemia. Hyperglycemia in TBI and sy
associated with a poor prognosis, although a cayge.
relationship has not been clearly established. {n experi
tal cerebral ischemia, detrimental effects of hypergly
have consistently been shown. Further, in one Prospect]
trial, van den Berghe and colleagues found that Patients whkE
lax glucose control had worse outcomes than those
tight control, i

Fluid and Electrolyte Abnormalities. Acute fluid 88
clectrolyte disturbances occur in TBI patients, often
inappropriate fluid administration. They can also be ¢
by diabetes insipidus. Hyponatremia and excessive free
may worsen cerebral edema, thereby increasing ICP,

Associated Injuries.  As many as 10% of patients
TBIs also have spine injuries. Spinal evaluation is of
delayed if the patient requires emergent neurosurgical in
vention (e.g., evacuation of epidural or subdural hematom,
For this reason, spine precautions should be taken
moving or positioning patients before the completion o
spine injury workup. TBI patients may also have undis
nosed extremity injuries. '

MANAGEMENT

Secure the Airway

Immediate tracheal intubation is necessary for severd
head-injured patients, particularly those with GCS scores
8 or less and without protective airway reflexes, Both pro
fol and thiopental are used as induction agents because 1!
decrease CMR and lower ICP. However, cither may cau
hypotension, especially in inadequately fluid-resuscita
TBI victims, which negates their benefit. Because of a lo
risk of untoward hypotension in TBI patients, etomid
may be a better choice. Ketamine is avoided because
increases ICP. A short-acting muscle relaxant should b
used. Succinylcholine is preferred, and rocuronium is
when succinylcholine is contraindicated.

3
A
i
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Maintain Adequate Cerebral Perfusion
Pressure

The updated Brain Trauma Foundation guidelines (2003]
advise keeping CPP between 60 and 70 mm Hg (in patie
without cerebral ischemia); the trend today is to maintais
CPP above 60 mm Hg. To maintain CPP, there must be go
intravenous access, and fluid resuscitation must reple
intravascular volume as needed. Fear of worsening cereb
edema should never dissuade one from providing adequatt
fluid resuscitation. Hypotonic fluids should be avoided, howsag
ever (Table 182-3). Hypertonic fluids (e.g., 3% saline) may b K

used, although evidence is lacking to justify their routine ;
Vasopressors and inotropes are often used along with flu
resuscitation to maintain CPP. However, they should be used
with caution, because they may increase the risk for acute res%
piratory distress syndrome. Without ICP monitoring,
should be maintained at greater than 70 mm Hg.
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Table 182-3 w» Intravenous Fluids

PEWS 3%0 daatbume n water, LR, lactated Ringeer's: N3, nonmal salise

Ischemia is likely the final pathway in secondary brain
injury. Therefore, the hematocrit is kept at 30% to provide
adequate oxvgen delivery. [f Cushing's reflex is present in
patients with acute subdural or epidural hematoma, blood
pressure mav decline precipitously with surgical decompres-
sion. This ss anticipated based on clinical findings (e.g., low
GG score, significam midline shift on CT, abnormal
pupils, and preemptive intravenous fluid resuscitation
should be undertaken. Prompt treatment of hypotension
afier surgical decompression with intravenous fluids and
1asupressors ar inotropes is essential,

k. Reduce Intracranial Pressure

To optimize CPP, one must try to reduce ICP. Recent data
& suggest that better physiologic parameters are maintained
- le.g., Sivo, arterial-venous difference in oxvgen saturation) in
g Patients with 1CP of 20 mm Hy or less. CPP is maintained in
g the 6010 70 mm Hg range, Mannitol (0.25 to 1 g/kg) is uselul
b for reducing brain bulk and may decrease the production of
2 cerebrospinal fluid; both these effects reduce ICP. Mannitol is
b Biven after volume repletion. Patients refractory to mannital
may respond to hvpertonic saline (3% or 7.5%). Cercebral
blood volume is reduced with acute hyperventilation, and
i CBE decreases by about 3% for each 1 mm Hg decline in arte-
E. Tial carbon dioxide tension. There is the potential for cerebral
P ischemia with excessive hyperventilation. Arterial carhon
- dioxide 1ension is not decreased to less than 30 mm Hg, except
for brief periods (c.g., impending hernjation). Otherwise,
p "ormocapnia or slight hvpocapnia (35 to 40 mm Hg) is
g desirable when 1CP is less than 20 mm Hg.
Barbiturates or propofol given 1o suppress CMR can
E reduce ICP. Fffects are maximal with electroencephalogram
2 UTSE suppression or an isoclectric electroencephalogram,
asopressors may be required to support blood pressure
. with maximal CMR suppression. Low-dose propofol is often
¥ used in TBI, because it allows effective 1CP control while

Osmolality Oncotic Pressure  Na* cr K Cal'/Mg? Glucg |

Fluids {mOsm/kg} {(mm Hg) (mEq/L) (mEq/L}) (mEq/L) (mEq/L) (g/l.( }
Plasma 289 21 141 103 4.5 5/2
Crystallowd
0.9% NS 308 1] 154 154
0.45% NS 154 0 77 77
3% NS 1030 0 5158 515
7.506 NS 2400 1] 1200 1200
LR 273 4] 130 109 4 3/0
DiLR 527 0 130 109 4 3/0 50
Dw+ 252 0 50
D NS* 586 0 154 154 50
D, 0.45% NS* 406 1] 77 77 50
Normasol 295 0 140 98 ] 0/3
Mannitol (2096) 1098 i
Colloid
Hetastarch (69%) 310 1 154 154
Albumin (5%0) 290 19
Plasmanate 270-300 7 145 100 0.25

The wsimeladity of these dostrose solutions decreases as glurose enters the celis.

permitting prompt neurologic evaluation. However, meta-
bolic syndromes characterized by mvocardial dysfunction
and lactic acidosis have been observed after prolonged
propofal infusions, especially in children.

Other techniques to reduce ICP are slight head-up and
neutral neck positions. Both facilitate venous drainage.
Many TBI patients have cervical collars in place, and it
important to inspect the collar to ensure that it does
impede venous drainage; a collar that is too tight can
increase 1CP. Circumferential endotracheal tube ties should
be avoided for the same reason. In patients with increased
JCP that is refractory to medical management, a decompres-
sive craniectomy is indicated,

Correct Coagulopathies

Coagulopathies increase the morbidity associated with any
surgery in TBI patients. Coagulation shouid be followed
closely, and any deficient factors should be replaced aggres-
sively. Some surgeons advocate early replacement of platelets
and clotting factors based solely on clinical observations.

Treat Hyperglycemia

Dextrose-containing intravenous solutions are avoided
during fluid resuscitation. They may cause hyperglveemia
and worsen cercbral ischemic injurv, Current ICU guidetines
advise keeping blood glucose at 80 10 110 mg/dL. Some may
he uncomfortabie with such tight glucose control in ances-
thetized paticnts, because signs of hypoglycemia may be
masked, Insulin infusions are titrated by frequent glucose
determinations to keep glucose levels at less than 120 mg/dL.

Restore Normothermia

Clearly, hyperthermia is harmful to patients at risk f
ischemic brain injury. Any beneficial effects of hypothermia
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Clinical Cases in Neuro Anesthesia ( Ref- Essentials of
Neuroanesthesia and Neurointensive care- Authors Gelb and

Gupta)
Supratentorial lesion

Case Summary

A 43-yr-old, otherwise healthy woman was evaluated for tonic-clonic seizures. Computed
Tomography (CT) showed a large enhancing lesion in the right frontal lobe suggestive of
glioma with a 2-mm shift. She had no focal neurological signs but had a headache, which
improved. Four days after the seizure she underwent craniotomy for biopsy and probable
resection. Her medications were phenytoin, 300 mg once daily before sleep, and
dexamethasone, 4 mg once every 6 hours. Her weight was 81 kg, she had no history of
allergies, and airway management suggested that there will not be any problem with
tracheal intubation.

Anesthesia was conducted as follows:premedication with midazolam, 2 mg
intravenously in the preoperative area; application of standard American Society of
Anesthesiologists(ASA) monitors; induction of anesthesia with remifentanil, 2 mcg/kg,
and propofol, 2 mg/kg; intubation facilitated with rocuronium » 30 mg; and insertion of a
7.0-mm cuffed endotracheal tube without difficulty. The patient was positioned facing
the anesthesia team with a bolster under her ri ght side, and her head was secured to the
table with a Mayfield frame. Anesthesia was maintained with infusions of remifentanil
0.1 to 0.25 meg/kg/min, and propofol, 50 to 100 mcg/kg/min and inhalation of
sevoflurane, 0.5 end-tidal minimal alveolar concentration (MAC). A radial artery catheter
and second intravenous line were inserted. Neuromuscular blockade was maintained
throughout with rocuronium. The surgeon requested cefiriaxone, 1 gm, mannitol, 1
gm/kg, and dexamethasone, 10 mg.

Discussion

Problem list

New onset seizures

Intraparenchymal brain tumor

Increased intracranial pressure (ICP) symptomatically improved with
dexamethasone

Clinical Findings

New onset seizure is a common manifestation of brain tumors, and these lesions often
occur in the middie decades of life. In most patients, symptoms are controlled
preoperatively with anticonvulsants and dexamethasone. Lesions in the frontal lobe may
have no focal symptoms, but tumors in other areas or when ICP is raised can be
manifested as weakness; vision, speech, or balance difficulty; headache; or nausea and



vomiting. Acute neurological deterioration may occur if there is a sudden increase in
swelling around the tumor, bleeding, or necrosis.

Management

Preoperative preparation for 2 patient in stable neurological condition involves a
complete history and physical and, if necessary, optimization of co morbid conditions.
Preoperative administration of a benzodiazepine is acceptable because these patients are
understandably very anxious. Caution is advised inasmuch as the sedative effect of the
benzodiazepine is occasionally greater than the anticipated and the patient can become
somnolent with increased PaCO2 and ICP. Patients who are already neurologically
obtunded should not be premedicated. Many possible combinations of anesthetic drugs
could be used for this type of surgery. There is no evidence from clinical trials to support
better outcomes with any particular combination of drugs. Suitable alternatives include
total intravenous anesthesia with propofol and remifentanil or fentanyl or a low-dose
vapor (< 1 MAC) with opiod. In this case a combination of remifentanil with low-dose
propofol and low-dose sevoflurane was used in the hope of obtaining some benefit from
all three. Neuromuscular blockade is indicated for most straightforward craniotomy
procedures such as this, and intermediate-acting drugs should be the first choice. Patients
taking anticonvulsants (particularly phenytoin) for a week or more may have a very high
requirement for muscle relaxant drugs. This is most marked for rocuronium, vecuronium,
or pancuronium but is also significant for atracurium and cisatracurium.

More important than the choice of anesthetic drugs is understanding the goals of
anesthetic management, which are cardiovascular stability to maintain cerebral perfusion,
manipulation of brain volume to facilitate the surgical approach, and rapid emergence
from anesthesia to facilitate early neurological examination. In the absence of indications
to the contrary, blood pressure should be kept within the patient’s normal range and
isotonic fluids administered as needed. If there is significant blood loss, a hematocrit of
30% is a reasonable transfusion trigger.

The presence of a space-occupying lesion usually means that measures to decrease
brain volume are indicated to facilitate surgical exposure, for example, to relieve pressure
under the dura before it is incised. Standard interventions are mild to moderate
hyperventilation, administration, and reverse Trendelenburg positioning. These
interventions should always be performed after communication with the neurosurgical
team. If these interventions are not effective, the surgeon may elect to drain cerebrospinal
fluid directly. Finally, whatever drugs are used for anesthesia, the intent should be to
have the patient emerge from anesthesia in a rapid and peaceful manner. Coughing on the
endotracheal tube or its effects should be minimized; for example, with a head up
position, opioid, or lidocaine. Supplementary doses of antiemetics may be required
intraoperatively, especially if the procedure is prolonged.



Specialized Procedures

Tumors in areas of the brain with specific motor or speech functions will require
modification of anesthetic management. Identification of motor areas by stimulation of
the motor cortex specifically requires that the patient not be paralyzed during the
procedure. Tumors in or near the speech areas will require speech mapping, which
necessitates that the patient be awake for at least a si gnificant portion of the procedure.






Clinical Cases in Neuro Anesthesia( ref- Essentials of
Neuroanesthesia and Neurointensive care Authors —Gelb and

Gupta)
Subarachnoid Hemorrhage

Case Summary

A 56-yr-old woman with a history of untreated hypertension woke up with a severe
headache the morning afier being at a party where she consumed a large amount of
alcohol. She became very drowsy and confused but not hemi paretic and was taken to the
Emergency Department by her family. A CT scan showed a grade 3 subarachnoid
hemorrhage (SAH) in the area of her anterior communicating artery.

She was admitted to the ICU with a GCS score of 10 to 11 and given labetolol,
morphine, and nimodipine. The next moming she underwent cerebral angiography under
anesthesia, and an anterior communicating artery aneurysm was coiled under anesthesia
by the neuron-interventional radiologist. Three days later she experienced deteriorating
neurologic function, and severe vasospasm was treated by repeat angiography,
angioplasty of the affected vessels, and intra-arterial injection of nicardipine.
Hydrocephalus developed and was initially treated with an external ventricular drain,
which was then converted to a ventriculo-peritoneal (VP) shunt 2 weeks afier the initial
bleeding. She was discharged home a week afier the VP shunt was placed.

Discussion.
Preblem List

¢ Subarachnoid Hemorrhage

¢ Vasospasm
¢ Hydrocephalus

Overview

Risk factors for SAH include female gender, hypertension, and binge drinking. Other
putative risk factors are a smoking history and non white ethnicity. Her clinical state
classified her as grade 3 under Hunt & Hess classification. Early intervention is important
because the risk for rebleeding is 4%in the first 24 hours and greater than 1% per day for

the first 2 weeks.

Initial Management
She received very conservative management in the ICU. It would have been preferable to

have placed an intra-arterial catheter, possibly a central venous line, and urinary catheter,
plus administer an H2 blocker. Her neurologic status did not warrant tracheal intubation,



Treatment Options

Although this patient had her anterior circulation aneurysm treated by endovascular
coiling, the other main option would have been to have the aneurysm clipped surgically.
There is now good evidence that 2-yr outcomes are superior with endovascular coiling
versus surgical clipping, although longer-term data are not complete.

Anesthetic Management for Angiography

If the patient were just going to undergo diagnostic angiography without treatment,
careful sedation might be sufficient but it is often difficult in confused patients. However,
the objective was to treat the aneurysm, which required general endotracheal anesthesia.
This guarantees no patient movement at critical moments and apnea for improved image
quality. Specific management principles focus on tight control of hemodynamics, Severe
hypertension might provoke aneurysmal rebleeding. Severe hypotension will worsen the
cerebral ischemia that frequently accompanies SAH. Preinduction intra-arterial pressure
monitoring is recommended.

Vasospasm

The patient’s neurologic deterioration at 3 days was very suggestive of vasospasm and
this was confirmed by four-vessel angiography. Transcranial Doppler ultrasonography
may have been useful, although it is more predictive of vasospasm in the middle cerebral
artery territory. Other potential diagnostic modalities are CT angiography, magnetic
resonance imaging (MRI) and radio-nuclide imaging, but definitive treatment requires
angiography.

Hemodynamic augmentation (hypertension, hypervolemia, hemodilution) or triple-H
therapy was the only therapy for a long time. Although this modality in its various forms
can reverse the symptoms of ischemia, it is associated with significant complications
such as pulmonary edema and myocardial infarction. Intraluminal balloon angioplasty is
effective for isolated spasm of proximal vessels in the circle of Willis, and intra-arterial
infusion of vaso-dilators (such as nicardipine) can be used for more distal or diffuse

spasm.
Final Disposition

This patient’s course was fairly typical. She avoided possible outcomes that can
accompany SAH, such as seizures, myocardial ischemia, congestive heart failure, acute
lung injury, gastric erosions and cerebral salt wasting.



Clinical Cases in Neuro Anesthesia (Ref-Essentials of
Neuroanesthesia and Neurointensive Care Authors Gelb and

Gupta)
Head Trauma

Case Summary

An 18-yr-old man was struck on the head with a baseball bat and brought to the
emergency department by ambulance. On admission his Glasgow Coma Scale (GCS)
score was 8, his oxygen saturation was 89% on room air, and he was wearing a hard
plastic neck collar. Immediate anesthesia consultation was sought, and the patient’s
airway was controlled with oxygenation, neuromuscular blockade, tracheal intubation,
ventilation to normoxia, and PaCO2 in the low normal range.

CT showed severe contusions in the right hemisphere and no skull fracture or cervical
spine injury. Once the patient was transferred to the neurosurgical intensive care unit
(ICU), a ventriculostomy catheter was placed and a radial artery catheter inserted. His
ICP was 25 mm Hg, so 20% mannitol, 2 ml/kg intravenously was infused, which reduced

ICP to 20 mmHg.
Discussion
Problem List

¢ Comatose patient
e Elevated ICP
¢ Intracranial mass

Principles of Care

When faced with head-injured patients in a critical situation such as this, the guiding
principle is to treat the greatest threat to life ( airway, breathing, circulation [ ABCS}) to
avoid doing further harm, such as by inducing severe hypotension or further injuring the
cervical spine. This patient has an isolated head injury, but many will be seen with
multiple trauma. In such patients, clinical suspicion of and examination for concomitant
injuries such as a ruptured spleen and bone fractures must be performed. In patients with
multiple trauma, aggressive resuscitation and maintenance of hemodynamics and

pulmonary function are of paramount importance.

Controlling the Airway

In this patient both the hypoxia and GCS of 8 are indications for immediate control of the
airway with tracheal intubation, followed by mechanical ventilation. It is imperative that
the airway be secured as swifily as possible, usually by direct laryngoscopy. The nasal



route should be avoided if 2 basal skull fracture is suspected. The use of short-acting
neuromuscular blocker succinylcholine is usually required to optimize intubating
conditions. The transient rise in ICP as a result of muscle fasciculations has not been
shown to be detrimental to outcome and the risks associated with a difficult intubation

outweigh those of a depolarizing muscle relaxant.

Concomitant cervical spine injury may be present in patients with a severe head
injury (GCS score </= 8), and the tracheal intubation technique must take account of this
possibility. To facilitate laryngoscopy and intubation, the anterior part of the neck collar
should be removed. Manual-in-line immobilization should be performed before the collar
is removed. The procedure involves an assistant (from the side or behind) holding the
mastoid processes and occiput to minimize neck movement during laryngoscopy. The
aim is to stabilize the neck by counteracting the forces of laryngoscopy; active traction

should not be applied.

Mainstays of Management

After tracheal intubation, initial goals of ventilation are normoxia and PaCO?2 in the low
normal range (30 to 35 mm Hg). Hypoxia with a saturation of less than 90% is associated
with a worsened outcome. Hyperventilation to 30 mm Hg is indicated only if focal
neurological signs (e.g. dilating pupil) are evident or ICP is sustained above 25 mm Hg
because it can exacerbate cerebral ischemia. This patient’s ICP of 25 mm Hg responded
to mannitol and, without signs of herniation, did not justify hyperventilation.

Hypotension (systolic blood pressure <90 mm Hg) is independent predictor of
outcome in brain injury, and vigorous maintenance of blood pressure of is indicated;
isotonic fluids with the addition of a vasopressor if required should be instituted. The
Brain Trauma Foundation guidelines suggest maintaining cerebral perfusion pressure
around 60 mm Hg.

Evidence suggests that outcome is worse in brain injury with hyperglycemia, so blood
sugar should be maintained within a normal range. Hyperthermia increases cerebral
metabolic rate and blood flow and exacerbates cerebral ischemia. Elevated temperature
should be returned to normal levels by surface cooling.

Other Therapeutic Modalities

The simplest is elevation of the head to decrease venous pressure. Angles of elevation of
10 to 30 degrees have been proposed. Seizures are very detrimental and should be
actively suppressed, although there is no evidence of benefit of prophylactic
anticonvulsant therapy. Sedation and neuromuscular blockade are used when ICP
remains elevated, and barbiturate coma may be induced if ICP is refractory to all other
medical therapies. Surgical decompression craniectomy with or without lobectomy or
excision of contusions is reserved for situations in which brain swelling cannot be

otherwise controlled.



Fluids

Hypertonic saline has several potential beneficial effects; it is useful as an expander of
intravascular volume and as an osmotic agent. Consequently, it can decrease cerebral
edema and improve regional cerebral blood flow. There is ongoing debate regarding
colloid versus crystalloid as the preferred fluid, with no clear data in favor of either,
Hypotonic fluids should be avoided.






Clinical Cases in Neuro Anesthesia (ref-Essentials of
Neuroanesthesia and Neurointensive Care- Authors Gelb and

Gupta)

Cervical Spine Injury
Case Summary

A 62-yr-old man arrived in the emergency department after a motor vehicle accident
while on his way from dinner at a restaurant. He had muitiple injuries, including a
femoral fracture, and had a rapidly expanding abdomen, bload pressure of 80/50 mm Hg
and HR of 121. He complained of neck pain. His neck was immobilized with a hard
collar, sandbags, and tape across his forehead.

A cross table lateral radiograph showed no cervical spine injury. Because of the
urgent need to proceed to exploratory laparotomy, there was no time for a further
radiologic work-up. He weighed 97 kg, and his airway examination was MP2, with a
four-fingerbreadth thyromental distance.

He underwent rapid-sequence induction of anesthesia with tracheal intubation via
direct laryngoscopy and cricoid pressure. Only the front of the collar was removed, and
manual-in-line stabilization was performed. At laparotomy he had a ruptured spleen and a

liver laceration.
Discussion
Problem List

Hypotension

Ruptured abdominal organ
Fractured femur

Potential cervical spine injury
Potential difficult airway

Risk of Significant Cervical Spine Injury and Radiology Work-up

This patient is at significant risk for having a neck injury in that he was involved in an
apparently high speed auto accident and is complaining of neck pain. In the ideal world, a
significant and potentially unstable neck injury would be ruled out before the patient’s
airway was manipulated. The regimen recommended for diagnosing and defining a neck
injury is a three-view spine series (lateral, anteroposterior, and odontoid) with
supplemental high-resolution CT for poorly visualized or suspicious areas. With this
regimen, the risk of a false-negative result is very low. There is little place for MRI in the
initial management of cervical spine injury. In this emergency clinical scenario, such an
extensive work-up was not possible.



Airway Management

This patient’s spine was immobilized in the ideal manner with a hard collar, sandbags
and forehead tape. For airway management, only the front of the collar can be removed,
and other immobilization measures must be maintained. The degree to which the cervical
spine moves is greatest with maneuvers such as chin lift and jaw thrust and is less during
laryngoscopy and intubation.

No technique for intubation is superior to or recommended over any other. Most
clinicians, when asked, are of the opinion that awake fibreoptic intubation is the method
of choice, but interestingly, most also state they are inexperienced with the technique,
especially in emergency situations. The consensus is to use the technique most
appropriate for the urgency of airway control and with which the clinician is most skilled.
Techniques both reported and approved include direct laryngoscopy, rigid intubating
laryngoscopes such as Bullard, intubating laryngeal mask airways, Combitube,
lightwand, fibreoptic bronchoscopy and cricothyrotomy.

Secondary Injury

Secondary injury can occur after the initial trauma and may be associated with clinical
interventions. The greatest risk factor is failure to suspect an underlying neck injury and
not providing adequate immobilization. The spine should be immobilized in a neutral
position for that patient. For example, with preexisting spinal deformity, the neutral
position is the chronic position of the deformity, and this should be the position of
immobilization.

There have been no reports of secondary injury attributable to airway management
and tracheal intubation in which neck immobilization and manual-in-line stabilization
were used. Hypotension may exacerbate a cord injury already present and should be
treated aggressively. Other causes of secondary injury are vertebral artery injury and an
ascending myelopathy, which may be produced by cord edema and inflammation or an
apoptotic process resulting from the initial injury.
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Martin L. De Ruyter, M.D. Kansas City, Kansas
OBJECTIVES

Review the incidence of subarachnoid hemorrhage, aneurysmal location, and associated
mortality and morbidity.

Identify the signs and symptoms of SAH and discuss its initial evaluation

Discuss critical care management of SAH, focus on the role of a multidisciplinary approach in
the acute interventions and strategies aimed at delayed ischemic injury

Discuss newer therapeutic approaches
Discuss definitive aneurysmal treatment.

STEM CASE - KEY QUESTIONS

A 56 year-old woman with a past medical history significant for mild hypertension and 35 pack-
years of smoking presented to the emergency room confused, disorientated, and unable to follow
commands. Eight hours prior, she had complained to her spouse the sudden onset of a severe
headache, which she described as the “worst headache of my life”. The review of symptoms
revealed that one week prior to admission, the patient complained of a minor headache which
was relieved with ibuprofen. She was a social alcohol user and physically active. Her
medications included hydrochlorothiazide and daily vitamins. The patient had no known drug
allergies. Her family history was significant for a sister who died suddenly at the age df 52 years

after a fall.

On exam, the patient’s blood pressure was 160/90 mmHg, pulse 80 beats/min, respiratory rate 20
breaths/min and core temperature 37° Celsius. Lungs fields were clear to auscultation and
cardiac exam revealed a regular rate and rhythm with no gallops, clicks, or murmurs.
Neurological exam revealed a patient who localized to the left upper extremity in response to
stimulus. She spontaneously moved all four extremities, with the left side moving greater than
the right side. In response to painful stimuli, the patient withdrew from pain on the left side and
from deep pain on the right side. Motor strength was grossly intact on the left side, but decreased
on the right side.

I. What is the incidence of SAH in the United States and what are the common presentations?
What are the risk factors for SAH? What is the distribution of intracerebral aneurysms?

Following initial evaluation in the emergency room, the patient received a non-contrast head CT.
The study revealed blood in the basal cisterns and in the fourth ventricle. Chest roentgenogram,
electrocardiogram, and laboratory specimens were collected. Subarachnoid hemorrhage was
diagnosed with her Glasgow coma score (GCS) = 12 and the World Federation of Neurological
Surgeons (WFNS) grade =1V. The patient was admitted to the intensive care unit for further
management and consultations by neurosurgery and neuroradiology.
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2. What are the components of the Glasgow Coma Scale, the World Federation of Neurological

Surgeons grading scale, and the Modified Hunt-Hess grading scale? Do they prognosticate
outcome?
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3. What is the sequela of a missed diagnosis? Wha is a sentinel bleed?

Upon arrival to the ICU, the patient was noted to be less responsive. The electrocardiogram
revealed sinus tachycardia with large T wave inversions across the precordial leads. The
patient’s blood pressure was 180/95, she remained tachypneic and her GCS declined to 10. An
arterial line and central venous line were placed for monitoring. Isotonic saline was administered
intravenously and a urinary Foley catheter was placed to record urine output. Blood pressure was
titrated to less than 160 mmHg systolic (mean < 100 mmFHg) with labetalol. The patient
underwent cerebral angiography, which revealed a ruptured aneurysm in the left middle cerebral
artery trifurcation. Nimodipine 60 mg every four hours was initiated. Neurosurgical consuitation
recommended medical optimization to wait and observe if the patient’s clinical condition would
improve (i.e. WFNS score better than I1V). The following day the patient’s exam slightly
worsened as she only opened eyes to pain, had incomprehensible speech and withdrew! to pain.
A noncontrast head CT was obtained which revealed marked dilation of the ventricles and blood
outlining the dependent ventricular cavity. Neurosurgery placed an external ventricular drain at
the bedside. The patients WFNS grade remained I'V and neuroradiology agreed to take the
patient for endovascular coiling. Prior to travel to the radiology suite, it was decided to intubate
the patient for airway protection and initiate mechanical ventilation. This proceeded in an
uncomplicated manner. Neuroradiology was able to successfully coil the aneurysm and the
patient returned to the ICU. Frequent neuro checks recorded the patient’s progress. In the
morning of hospital day #3, the patient was more responsive, opening eyes to commands and
following simple commands. The patient was started on a ventilator weaning trial.

4. What are the initial aims of SAH therapy?

3. Is outcome affected by early definitive aneurysm intervention?

6. Surgical intervention versus endovascular coiling — What is the desired approach?
7. What are the early complications of SAH

8. What practical approaches are undertaken in securing this patient’s airway?

9. What would be a reasonable ventilator mode? What would be one s weaning protocol and
extubation criteria?

Laboratory exam revealed serum sodium of 129 mEq/l. The patient’s blood pressure was 120/60,
pulse 80 beats/min, and CVP = 5. Transcranial Doppler revealed peak velocities 110 meter/sec.
Later that afternoon the patient’s condition deteriorated. The patient was not following
commands, unable to respond to verbal stimuli, blood pressure = 98/42, pulse = 99 beat/min, and
CVP=3.

10. What are the later complications of SAH?

11 What is vasospasm? How is it monitored? What is prophylactic therapy?
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12. Why is the patient hyponatremic? What is the appropriate therapeutic action?

Initial therapy included infusion of normal saline with intermittent boluses of 5% albumin in an
effort to increase the intravascular volume of the patient. Phenylephrine was added to augment
the blood pressure after the CVP was greater than 10 to augment the blood pressure. The
patient’s condition improved transiently for a few hours then again deteriorated. A pulmonary
artery catheter was placed and hyperdynamic therapy was begun with the addition of
dobutamine, in an effort to increase cardiac index to >3.5 Vm. Phenylephrine was continued to
maintain a mean arterial pressure >120 torr. Urine output was monitored to maintain an hourly
output of 200 ml/hr.

13. What is hypervolemic therapy? What is “Triple-H" therapy? What are the end-points to
therapy?

Despite these measures, the patient’s condition failed to significantly improve. On hospital day
#4 the patient returned to the radiology suite for balloon angioplasty and intra-arterial
papaverine. After successful intervention, the patient returned to the ICU, serial neuro checks
and TCDs recorded the patient’s progress. The following morning the patient showed signs of
improvement. The patient would raise two fingers to command. TCDs were less than 100 m/s.
Triple-H therapy was continued for the next two days. Hospital day #7, the infusions were
weaned off, hypervolemic therapy was continued and weaning from the ventilator resumed.
Hospital day #9, the EVD was clamped, monitored and eventually discontinued.

14. What are the non-neurological morbidities associated with SAH, i.e. cardiac, pulmonary and
other organ systems?

The patient continued to slowly recover. Nutritional needs were replaced via an enteral feeding
tube and continued until the patient successfully passed a swatlow test. Physical and
occupational therapy proceeded to assist the patient. The patient was dismissed to a
rehabilitation facility three weeks after initial presentation.

PROBLEM BASED LEARNING DISCUSSION
Model Discussion

Subarachnoid hemorrhage is not an uncommon, yet often a devastating neurological insult.
Approximately 1:10,000 Americans are affected annually, resulting in a national occurrence of
approximately 30,000 patients. 12% of patients die prior to receiving medical attention, 40% of
those who receive care die within one month. Overall, 65% of patients succumb or are severely
disabled. Less than a third of patients return to their premorbid status.

Risk factors that have been identified with SAH include history of SAH in first degree relatives,
hypertension, tobacco use and moderate alcohol consumption. Aneurysms are generally confined
to the Circle of Willis (95%), anterior communicating artery (40%), internal carotid artery
(30%), middle cerebral artery (20%)and in multiple locations (20%).

The grading system of SAH has evolved over time. Hunt and Hess initially graded the severity of
SAH based on clinical exam, and their grading system has been modified (Fig 1). The Glasgow
Coma Score is an established assessment of neurological status but not specific for SAH (Fig 2).
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The World Federation of Neurological Surgeons introduced a grading system that incorporates
features of the GCS as well as the presence or absence of motor deficits (Fig 3).

Misdiagnosis of symptomatic cerebral aneurysms has been reported to be as high as 25% and is
associated with disastrous consequences. SAH will often rebleed, and those patients suffer worse
outcomes. Risk of rebleeding in the first 24 hours is 6-8%, with 1%-1.5% per day for the initial
14 days resulting in a 25% risk at 2 weeks, and 50% risk within one month. Overall mortality
with rebleeding is estimated at 70%. If a patient is suspected of SAH, a non-contrast head CT
must be obtained. If negative and clinical impression remains SAH, then a lumbar puncture
should be performed and examined for xanthchromia. Cerebral angiography remains the
definitive test for the diagnosis of cerebral aneurysms. Many patients (between 15-40%) have
wamning headaches (*“sentinel bleed”), occurring days to weeks before the index episode of
bleeding. This is thought to be due to a limited leakage of blood from an aneurysm.

The initial aim of SAH therapy is immediate stabilization and accurate evaluation of the patient.
Overall the process should encompass five goals: 1) Treat the primary brain injury and its
associated physiological derangements. 2) Prevent immediate, early neurological complications;
3) Prevent and treat delayed ischemic neurological deficits (DIND) and 4) Treat the aneurysm in
a definitive manner and 5) Prevent and treat other non-neurological comorbidities..

Despite numerous advances, outcomes and prognosis remains disappointing. Presenting with
higher grades of injury (WFNS =1V,V) is associated with the worst prognosis. Historically a
debate existed regarding early surgical intervention versus delayed, but recent studies have
confirmed the advantages of early definitive aneurysm therapy, particularly in reducing
vasospasm, delayed ischemic events and hydrocephalus.

The International Subarachnoid Aneurysm Trial (ISAT) was a large, multicentered, randomized,
prospective trial comparing surgical clipping versus endovascular coiling in ruptured aneurysms.
It revealed a modest decrease in morbidity in the coiled patient group. The one-year risk of
dependence or death was reduced by an absolute risk reduction of 6.9% in the coil group. In
today’s practice the two approaches may compliment one another. Surgical clipping of basilar
aneurysms is associated with high morbidity rates, whereas endovascular coiling at this site is
rather straightforward. Likewise, endovascular coiling of aneurysms in the MCA distribution are
technically difficult, but more readily amenable to surgical clipping.

Early neurological complications of SAH include rebleeding as previously mentioned, but also
acute hydrocephalus (25%), seizure (10-20%), intracerebral hematoma (4.5%) and cerebral
ischemia due to mass effect.

Generally patients do not require endotracheal intubation and mechanical ventilation until GCS
falls below 8. This is an arbitrary designation and the intensivist’s impression of a rapidly
deteriorating clinical status, associated neurogenic pulmonary edema or as in this case,
transporting a patient to a distant hospital location, may prompt earlier intubation. Usual
preparation and procedure are followed for intubation. Titrating induction agents to minimize
hypotension is desired. Avoiding ketamine is recommended in neuro patients. Propofol, sodium
pentothal and etomnidate are acceptable agents. Decision on choice of muscle relaxant is balanced
between concerns of increased intracranial pressure versus risk of aspiration. Ventilator modes



L-120

L-270

Page 5

such as assist controlled, synchronized intermittent mandatory ventilation (SIMV) and pressure
support are acceptable choices. Usual precautions against increased peak airway pressures, auto-
PEEP and patient-ventilator dyssynchrony need to be taken. Weaning will likely depend on the
course of the patient’s illness. Beyond the usual criteria, other factors such as “ability to protect
the airway” must be considered before extubation. We have found that SIMV with pressure

support is a satisfactory approach in a majority of the patients.

Commencing around day #4, patients may develop late complications of SAH, specifically
vasospasm and delayed ischemic deficits, stroke, hydrocephalus, cerebral edema and death.
Vasospasm, although unclear in etiology, is thought to be associated with the breakdown of
blood from the SAH and perhaps some unidentified metabolic product of oxyhemoglobin.
Clinically, this produces pathological narrowing of the cerebral artertes, which in tumn result in
further ischemic injury to the brain. It is a self-limited process, beginning around day #4 and
lasting approximately two weeks. Complications can be significant and further stroke or death
may affect up to 1/3 of the patients. Monitoring vasospasm is achieved via frequent neuro checks
by trained personnel. Transcranial Doppler (TCD) is a bedside device that allows determination
of flow velocities in cerebral arteries. It may be technically difficult and windows may be small
and challenging to find. For all practical purposes, the best windows are obtained for measuring
velocities of the vessels in the MCA distribution. Therefore it may have little benefit in assessing
vasospasm in other distributions of the brain, i.e. posterior basilar aneurysms. TCD recording of
120 meter/sec in the MCA window is associated with a 50% narrowing of the vessel. A recent
study demonstrated that velocities stower than 120 m/sec and greater than 200 m/sec have strong
negative and positive predictors for determining which patients will develop ischemic deficits.

Integral to treating SAH and in an effort to prevent the development of delayed ischemic deficits
and vasospasm, the standard of care is nimodipine 60 mg orally every 4 hours. Studies and meta-
analysis have supported its therapeutic utility. On angiography it does not affect vessel
narrowing, so its benefit is of undetermined etiology.

Hyponatremia in the setting of SAH is not uncommon and the intensivist must determine its
etiology. Historically this was thought to be the syndrome of inappropriate antidiuretic hormone
(SIADH). It is recognized that with SAH, a catecholamine surge occurs along with the release of
vasopressin. Patients who developed hyponatremia were presumed to have SIADH and early
practitioners treated the hyponatremia with fluid restriction. However, following SIADH patients
are not euvolemic and unfortunately the early practice of fluid restriction only worsened
neurological outcome. In the setting of SAH, the kidney fails to resorb sodium in the distal
tubules and thus “dumps” excessive sodium, hence the term “cerebral salt wasting”. The
treatment is opposite of SLADH, patients are treated with intravenous saline, and often
hypertonic saline.

The mainstay for management of SAH in an effort to prophylaxis against developing delayed
ischemic neurological deficits (DIND) is to maintain patients in at least an euvolemic to
hypervolemic state in terms of intravascular volume status. Figure 4 and 5 are algorithmic
approaches to treating patients with SAH who are either asymptomatic or symptomatic. Despite
a Cochrane database systematic review which concluded there was no strong support for
hypervolemic therapy to improve outcomes following SAH, this remains a primary practice in
neuro intensive care units. The therapy of “Triple-H” is a goal directed therapy to produce
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hypervolemia, hyperdynamic cardiovascular performance and hemodilution (HHH) in effort to

correct symptomatic vasospasm. This therapy has not been formally tested in a prospective
randormized trial.

Additionally, SAH is not confined to the brain. Other non-neurological morbidities are
associated with SAH. The intensivist needs to be attentive to a patient’s cardiac and pulmonary
status. A myriad of electrocardiogram changes can be seen, but ciassicaily large T wave
inversions have been described (“cerebral T waves”). Neurogenic etiology of cardiac failure,
myocardial injury and infarction have been reported. The patient’s pulmonary status may be
jeopardized and patients may develop non-cardiogenic, neurogenic pulmonary edema. These
patients may need to be intubated, ventilated and supported with positive end-expiratory
pressure, GI ulcer prophylaxis should be employed, as well as prophylaxis against deep vein
thrombosis.

In summary, SAH is a profound, sudden neurological insult with often devastating
consequences. The intensivist needs to be aware of the parameters that SAH encompasses not
only on a single organ, i.e. the brain, but impacts on multiple organ systems. The approach to
patient care is multidisciplinary, involving critical care, neurosurgery, neuroradiology,
neurology, and perhaps several internal medicine subspecialties. The goals for managing SAH
remain: 1) Treat the primary brain injury and its associated physiological derangements. 2)
Prevent immediate, early neurological complications; 3) Prevent and treat delayed ischemic
neurological deficits; 4) Treat the aneurysm in a definitive manner and 5) Prevent and treat other
non-neurological comorbidities.
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Fig 1 Modified Hunt-Hess Grading Scale
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Fig 2. Glasgow Coma Score
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Fig 3. World Federation of Neurological Surgeons (WFNS) Grading Scale
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LEARNING SUMMARY

Subarachnoid hemorrhage is not an uncommon, yet devastating neurological event. Inprovement
in outcomes are largely dependent on a multidiciplinary approach with the critical care
intensivist coordinating the patient’s care and directing therapy. This session focuses on the
presentation of SAH, its critical care management, and therapuetic approaches.
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Ramachandran Ramani, M.B.B.S., M.D. Easton, Connecticut
OBJECTIVES
1) Seizure surgery: Participants will get a brief overview of seizure surgery and its anesthetic
implications

2) Anesthetic considerations in “awake” craniotomy — seizure surgery is one of the indications
for awake craniotomy. A detailed review of “awake” craniotomy and its anesthetic
management will be presented in discussion format.

3) Functional Localization: Considering the critical importance of functional localization in
seizure surgery, this will be one of the focuses of the PBLD.

4) Vagus nerve stimulator: Vagus nerve stimulation therapy will be discussed (with focus on
what an anesthesiologist should be aware of) as more than 32,000 devices have been
implanted worldwide (Cyberonics website). A brief description of “neuropace” also will be
included.

STEM CASE - KEY QUESTIONS

A 29 years old male with history of uncontrolled seizures (partial complex) since the age of 3
years is scheduled for a resection of seizure focus (left side partial hippocampectomy). Surgeon
is debating between doing it awake or under general anesthesia, because of the location of the
gliotic focus close to speech area (Broca’s area). Patient gives a history of seizures once every
alternate day. Following the seizure he has difficuity in talking for a few hours and then
complete neurological recovery after that.

Medications: Patient is on Dilantin and lamotrigine. Plasma level of both drugs is therapeutic.

Past medical history: Except for the fact that he has frequent absent attacks, falls down and gets
hurt, there is nothing significant in the past history.

Past surgical history: No surgery in the past. Patient had a MRI (magnetic resonance imaging)
and WADA test (named after Dr. Juhn Wada — a neurologist) under MAC (monitored anesthesia
care).

Labs: hematocrit, electrolytes are within normal limits.

MRI: MRI shows a gliotic lesion 7 mm in size in the left hippocampus.

WADA Test: Wada test was done to check which side is dominant for memory. On injecting
Amylobarbitol in the left middle CBL artery patient had no memory impairment.

Besides this patient also had a phase | and phase 11 work up for epilepsy. As a part of phase [I]
he was advised resection of the gliotic focus.

Physical: Patient weighs 80kgs and is 71 inches tall. Vital signs were normal. Cardiovascular and
chest exam also was normal. Airway: Mallampatti 2, good mouth opening, thyromental distance
of more than 6 cms and no restriction of neck movements.

Patient also has been told that he has a reasonably good chance of getting seizure control with
the surgery. However in the event of recurrence of seizures later in life the only available FDA
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approved device is a vagus nerve stimulator (VNS) therapy. However he was told not to worry
about the VNS now as there is a 90% chance that he will be seizure free after this surgery.

Key Questions:

1) Epilepsy: What is a medically resistant seizure?

2) What is the magnitude of this problem?

3) How effective is the response to medical treatment in a newly diagnosed case of seizures?
4) What are the treatment options available in such cases?3

Anesthetic challenges in Seizure surgery:

1) How do seizure medications influence anesthetic management?

2) Surgeon informs us that he is going to be using the neuro navigation system. Does it
influence our management in any way?

3) Could the patient have an introperative seizure? How do we manage an intraoperative
seizure?

4) How important is brain relaxation in a case where neuro navigation is being used for locating

a 7 mm lesion?
5) Atthe end of the case, should we wake up this patient or leave him on ventilator?

Awake Craniotomy:

1) What is the indication for awake craniotomy in this case?

2) Ifthis is to be done awake how do we manage the asleep — awake — asleep anesthesia?

3) Surgeon complains that brain is bulging while doing the craniotomy —how do we manage?
4) Any specific precautions during the case (antiemetics, analgesics) ?

Functional Localization:

1) How important is functional localization and why?

2) What is a Wada test?

3) What are the other techniques for preoperative functional localization?

4) How is introperative functional mapping carried out in awake craniotomy?

Vagus Nerve Stimulator:

1) What is a Vagus nerve stimulator?

2) How does it work?

3) How is it connected?

4) How effective is it? What are the side effects?

PROBLEM BASED LEARNING DISCUSSION
Model Discussion:

1) Epilepsy:A While the experts differ in what is a medically refractory seizure, one of the
accepted definitions is — more than 6 seizures in a month and inter seizure interval of not
more than 2-3 weeks. Epilepsy is the second most common neurological disorder. The
incidence of seizure in the US population is in the range of 0.5 to 2%. This translates to 2
million patients with seizure. Of these one third of them are refractory to medical treatment
and half of those with refractory seizures have partial onset seizure. Patients with partial
onset seizures (~ 300,000) are the one’s who can be worked up for possible surgical therapy.
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Patients with generalized seizure are not candidates for surgery. Only 10-30% of these
patients with partial onset seizures (30,000 to 100,000) are candidates for surgery. The
treatment options available are focal resection of gliosis, partial temporal lobectomy, subpial

disconnection etc.

2) Anesthetic challenges in seizure surgery:
Medications: These patients are on antiseizure medications for a longtime which can
influence our anesthetic management. Phenytoin augments the liver enzymes resulting in
enhanced metabolism of several drugs including muscle relaxants. Lamotrigine and
Carbamazepine can cause hyponatremia which could by itself cause a seizure.
Carbamazepine and sodium valproate can cause liver dysfunction and LFT needs to be

monitored periodically.

Multiple surgeries: These patients come for several surgeries and sometime within a short
period of time. These surgeries include grid / strip placement, removal of grids, resection of
focus etc. Blood loss is one of the issues. In patients who have had a temporal craniotomy in
the past because of sclerosis of the temporalis muscle, mouth opening could be inadequate
causing difficulty in laryngoscopy during subsequent surgeries.

Associated medical problems like mental retardation, cerebral palsy etc.

Neuronavigation: Precise localization of the lesion is and has always been of paramount
importance in neurosurgery. Neuronavigation systems have greatly enhanced the precision of
localizing pathological lesions in the brain. These imaging systems (like brain lab) give us a
reconstructed tomographic image of the brain in relation to the patients’ anatomical
landmarks on the scalp. Since it is not a real time image it is imperative that once the head is
fixed on the Mayfield clamps there should be no movement of the head. Any movement
(after the initial registration) can alter the landmarks. This is important from the point of
view of brain relaxation also. While brain relaxation is always important in intracranial
approach, undue relaxation as a result of hyperventilation, mannitol etc, alter the relationship
between the brain lab reconstructed picture (based on preoperative MRI) and the realtime

image during surgery.

Emergence: Temporal lobe is the location for majority of the partial seizures. Hence these
surgical resections are very close to speech area, motor cortex, memory etc. Hence post
operative neurological exam is important, in order to confirm these functions are intact
following the surgery. Anesthetic medications should be titrated to ensure that patient wakes
up awake and alert, able to follow commands.

Awake Craniotomy:

Indications: Awake craniotomy is indicated when the neurological lesion being operated upon is
very close to important functional regions of the brain like motor cortex and speech area
(Broca’s — motor or Wernicke’s — sensory area). In order to map the location of these regions
during surgery and define its relationship to the lesion being operated, patient has to be awake
during part of the surgery (described in the next section).

Asleep-awake-asleep procedure:1, 2 It is critical to position the patient properly when he is
awake. Once the IV and monitors are in place patient is sedated and local infiltration is carried
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out. Craniotomy is done with the patient sedated. Once the dura is open, patient is allowed to
wake up for the mapping. Once the mapping is carried out and decision about the region to be
resected has been taken, patient is sedated again. The challenge during sedation is three fold —
adequate sedation and analgesia (combination of local infiltration and narcotics), maintaining the
ajrway and ventilation and at the same time ensure an immobile patient. Short acting agents like
propofol and remifentanil are preferred.C In a spontaneously breathing subject, as low as
0.05pg/kg/minute of remifentanil can cause apnea. Nasal trumpet can be used for airway
patency. Some centers use LMA (laryngeal mask airway) also. Sedation should be titrated on

and off slowly.

Intraoperative seizure can occur during an awake craniotomy:. It is more likely during the stage
of cortical activation. Hence it is important to check prior to surgery the plasma level of the
antiseizure medications and administer additional doses if required. In spite of this, if a patient
does get a seizure, management protocol would be like any other seizure, It is preferable to use
short acting drugs because of the transient nature of the cortical stimulation.

Prophylactic antiemetic therapy is advisable to prevent any gagging (and rise in ICP) during the
procedure.

Discussion pertaining to navigation and brain relaxation hold good for awake craniotomies as
well.

Functional Localization:4 Various localization procedures are available which could be used
either preoperatively and could be used intraoperatively also. As the predictive accuracy of the
preop procedures improve it is predicted that in the future we might be able to rely on these
procedures entirely and eliminate the intraoperative mapping procedure, as is commonly done
during awake craniotomies. The techniques commonly used are:

1) Wada test: This test is done preoperatively with the patient awake. Left middle cerebral
artery is selectively cannulated and 5mg of amylobarbitone is injected to suppress the
function of the hippocampus on the ipsilateral side and a memory check is carried out. This
determines which side memory function is localized in the patient.

2) Functional MRI and PET (positron emission tomogram) scan: With functional MRI and PET
scan, the change in metabolic activity during a functional activity (like motor movement,
speech, memory activation etc) can be imaged. When this image is overlaid on the structural
MR image, the location of the pathological lesion relative to the functional regions of interest
can be accurately assessed.

3) Intraoperative mapping as described earlier. This could be combined with electrocorticogram
also.

Vagus nerve therapy (VNS):B,5

VNS was approved by FDA in 1997, as an adjunct therapy for patients over 12 years of age with
partial onset seizures. Over 32000 devices have been implanted worldwide. The electrodes are
implanted over the mid cervical portion of the left vagus nerve, while the device is placed in the
infra clavicular region (like a pacemaker). The device works by stimulating the locus coeruleus
(afferent pathway of the vagus nerve) and inducing release of norepinephrine. The efficacy of the
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VNS is defined based on the 50% decrease in seizure frequency. Efficacy increases over the
years. As per the VNS registry more 50% patients (out of 2229 patients) had a 50% reduction in
frequency at 12 months. This increased to 59% at 24 months. In a 12 year follow up 60%
patients responded to VNS, Transient side effects are reported like hoarseness, constriction in the
pharynx, paresthesia, dyspnea and cough in the first year. Subsequently they tend to resolve. In
addition to decrease in seizure frequency, patients are less depressed and more active mentally.
This improvement in depression is out of proportion to the decrease in seizure frequency.

The next step in seizure control is use of “Neuropace”. This device is described by many as the
AICD equivalent for the CNS. Electrodes are directly implanted over the seizure focus. The
generator is located on the scalp (in place of a piece of bone flap). In response to seizure activity
the generator gives a counter stimulus to neutralize the seizure activity. This device is at present

undergoing a phase II trial.
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LEARNING SUMMARY
Participants will get a brief overview of surgical therapy for seizure foliowed by a discussion on
the anesthetic issues in seizure surgery and awake cranitomy. Various localizations techniques in
use (considering that this is fast becoming a routine practice in all cranitomies) will be discussed.
Finally a brief review of vagus nerve stimulation therapy will be presented.
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OBJECTIVES

Be aware of endovascular therapy for stroke and the emerging role of the anesthesiologist in
caring for these patients during intra-arterial thrombolysis.

Understand the mechanisms of ischemic brain injury, and develop an approach to caring for the
acute stroke patient including avoidance of potential secondary injury.

Understand the benefits, risks and limitations of new therapies for treatment of acute stroke
Prepare for the treatment of complications following lytic therapy in stroke.,

STEM CASE - KEY QUESTIONS

You are called on a Saturday night by the neuroradiologist to provide anesthesia for arteria)
thrombolysis in an acute stroke. The patient is an 80 year old gentleman transferred by med
flight from a local hospital for left sided weakness and Jeft facial drop that began during a
cardiac catheterization today. The patient has an expressive aphasia, but can answer questions

The emergency room records indicate a past medical history of CVA, HTN, and CHF. The
patient is unable to elaborate on his history due to his aphasia.

Med List from the transfer notes:

Digoxin 125 meg

Insulin

Heparin IV infusion

Famotidine

Atorvastatin

VS: BP: 178/99 HR: 88 RR:16 Sa02: 97% 2LNCT: 36.8.
Questions:

What is the urgency of this case?
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What specific preoperative lab tests or additional information would you require for management
of this patient?

What are the current indications and time window for use of intra-arterial t-PA in patients with
acute stroke, for IV thrombolysis?

Does this patient’s recent heart cath contraindicate thrombolytic therapy?

Would you treat the patient’s blood pressure, if so what medications would you use?

Labs obtained in the ED show:

Na+ 135 K+5.2 C1 103 HCO3 21, BUN 30 Cr 1.4 Glucose 232

WBC 10.01 HGB 13.5 HCT 41.6 PLT 200 INR 1.1 APTT 32.6

EKG: Shows a sinus rhythm with a rate of 75 BPM with a left bundle branch block morphology.
CT: reveals diffuse atrophy, it is negative for hemorrhagic conversion of the stroke.

The neuroradiologist is pacing back and forth and would like to proceed inmediately to the
neuroendovascular suite.

Would the laboratory evidence change your anesthetic plan or cause any concerns?

What would be your approach management in this patient, what type of anesthetic would you
choose?

What monitors would you require for the case?

The patient is transferred to the neuroendovascular suite, An angiogram reveals thrombotic
occlusion of the right MCA artery. A catheter is placed past the thrombus and Tissue
plasminogen activator is infused. At the end of the procedure the vessel shows 60%
recanalization. The patient has remained stable throughout the procedure. The blood pressure is
165/88. The neuroradiologist is requesting the pressure be lowered.

What would be a tolerable range for post-procedural blood pressures in this patient?

What agents would you use to treat the blood pressure and why?

What would you plan for disposition for this patient, the neurosurgical unit or the cardiac care
unit?

What are the pros and cons of postoperative intubation or extubation of this patient?

Will you extubate the patient in the radiology suite or the intensive care unit?



PROBLEM Basep LEARNING DISCUSSION

Thrombolytic Therapy and Stroke

Prior to the implementation of Iytic therapy for ischemic stroke, the treatment of stroke was
limited to Supportive care and €Xpectant management. Investigation of thrombotic therapy for the
treatment of ischemic stroke began in the early to mid 90°s, and has shown promise in multiple
Prospective randomized trials. The goal of therapy is early restoration of biood flow to the
ischemic brain tissue to minimize cellular metaholic €vents that wilj eventually lead to cej death
and apoptosis. Time to therapy is a critica] factor for preservation of brajn function, therefore
initiation of treatment should e considered emergent. Success of treatment with thrombolysis js
dependent upon the route of delivery, agent used for thrombolysis, and the time to treatment
from onset, Currently the only FDA approved Iytic stroke therapy is tissue Plasminogen activator

Recommended Exclusion Criterig for Intravenoys tPA
Rapidly Improving symptoms

Major surgery within past 2 weeks

Head injury withip 3 weeks

GI tract injury within 3 weeks

Lumbar puncture within | week

SBP>185mmHG DBP>100mmHg

Platelet count <100,000
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Current use of oral anticoagulants INR>1.7

Pregnant or lactating women

Endovascular Therapy for Stroke

Intra-arterial (IA) administration of thrombolytics using angiography and endovascular catheters
to access the thrombosed artery have higher rates of target vessel canalization. Randomized trials
have demonstrated improved recannulation rate over controls (66% vs 18%) when treatment was
initialized within 6 hours of symptom onset. The PROACT Il trial randomized patients with
acute stroke of the middle cerebral artery (MCA) territory to receive 1A prourokinase (pro-UK)
+ IV heparin vs IV heparin alone. The primary endpoint was the percentage of patients achieving
independent survival at 90 days. The final analysis demonstrated 40% of the intra-arterial lysis
patients vs 25% of the controls achieved survival with minimal or no deficit. Although, 90 day
mortality was similar in both groups at 25% for pro-UK patients and 27% for controls,
symptomnatic intracranial hemorrhage was significantly greater in the pro-UK treated patients
(10% vs 2% of controls.) Intra- arterial thrombolysis is not yet FDA approved in the United
States, but is supported by the AANS as a beneficial treatment for acute large vessel stroke,

The use of IA thrombolysis for postoperative stroke has been reported in a small series of
patients. The risk of bleeding from the surgical site was 25% with 8% having fatal bleeding (2
after craniotomy.)

Brain Ischemia

Although neuronal ceils will die within minutes of loss of perfusion, areas around the stroke foci
may experience a more tolerable level of ischemia, and may not convert to infarction if flow is
restored within a critical time period. Experiments in primates have shown that ischemic
tolerance of the brain is dependent upon both the severity of blood flow reduction and the
duration of ischemia. The Normal blood flow to the brain is 50 ml/100mg/min When cerebral
biood flow is decreased to 20ml/100g/min loss of consciousness and a slowing of the EEG is
seen, however, no permanent structural consequences occur. This level of ischemia may be
reversible even after 3 hours of ischemic time. As cerebral flow decreases to 18 ml/100g/minute
metabolic activities are jeopardized and ischemic tolerance time is reduced. At 10
ml/100g/minute the integrity of cellular function is lost and the ischemic tolerance time is on the
order of minutes.

Managing the Acute Stroke Patient

The goals of management of the patient with brain ischemia include maintaining cerebral
perfusion pressure and aveiding mechanisms of secondary injury that can worsen outcomes such
as hypoxia, fever and hyperglycemia.

Hemodynamic management

Hypertension is a very common finding in acute thrombotic stroke, and is thought to be a
reactive mechanism to improve perfusion to the ischemic areas of the brain. The autoregulation
of the ischemic brain has been demonstrated to be impaired, and decreases in systolic blood
pressure can further compromise the ischemic penumbra and convert viable brain to stroke.
Traditional recommendations for treatment of hypertension in stroke suggest no intervention
should be initiated unless the DBP>120 or the SBP>220. However, analysis of the patients with



intracranial hemorrhage following I'V TPA Suggests a'significant increase in the risk of
intracranjal hemorrhage when SBP exceeds 185 or DBP exceeds ] 10. Eligibility for any type of
thrombolytic therapy requires treatment of hypertension to maintain SBP<]85 and DBP<]110.
The American stroke council currently recommends treatment with labetalo] or nitro paste.

Glucose Management

Hyperglycemia has been demonstrated to increase ischemic stroke volume in animal models
following occlusion of large cerebral vesse| with subsequent reperfusjon, Retrospective studies
in human stroke victims have associated hyperglycemia with larger stroke volumes and worse
outcomes, however, it is unknown whether hyperglycemia js a cause or a sequela of a large
stroke. There are no compelling prospective hurmnan trials investigating the benefits of glycemic
control in stroke patients. The GIST trial prospectively randomized acute stroke patients to
insulin infusions vs saline for strict glucose contro] post ischemic stroke, to demonstrate
feasibility of glucose control, although the study was not powered to evaluate outcomes, there
was no difference in neurologic outcomes between the study and contro] group. Hyperglycemia
has been associated with hemorrhage conversions of cerebral infarcts in the past. A recent
analysis of intracrania] hemorrhage in the PROCT study found a glucose >200 mg/dl to be a
univariate predictor of intracranial hemorrhage following A lysis.

Ventilation
Normocarbia should be the goal in patients with flow related ischemic stroke, The cerebral
vessels in the ischemic region will be maximally vasodilated and will lose autoregulation due to
the downstream occlusion in the vesse, Flow in the maximally dilated vesge] becomes
dependent upon the mean arterial pressure, Hypotension may convert ischemic penumbra into
stroke. Changes in cerebrovascular tone related to changes in pCO, can also affect the regional
blood flow,. Hypoventilation and hypercarbia will lead to global cerebral vasodilation which may
theoretically cause shunting of blood away from the maximally dilated, flow dependent vessels
of the ischemic brain region. Hyperventilation will decrease global cerebral blood flow and may
worsen cerebral perfusion deficits.

Intracraniai Hemorrhage following 1A Throm bolysis
Intracrani orrhage with associated neurological deterioration occurs in 10% of patients
b
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LEARNING SUMMARY

Be aware of endovascular therapy for stroke and the emerging role of the anesthesiologist in
caring for these patients during intra-arterial thrombolysis.

Develop an approach to caring for the acute stroke patient including avoidance of potential
secondary injury.

Prepare for the treatment of complications following lytic therapy in stroke.






L-236 Emergency Surgical Fixation of Unstable Cervical Spine
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OBJECTIVES
1) What is the range of motion in cervical spine in healthy adults normally and during
laryngoscopy

2) What are stable and unstable cervical spine fractures?

3) Discuss the different options to secure airway in a patient with C-spine injury, including
local anesthesia and sedation for awake fiberoptic intubation.

4} Discuss the diagnosis and management of intraoperative air embolism.

STEM CASE - KEY QUESTIONS

A 26 year old male is involved in a motor vehicle accident as unrestrained passenger in the front
seat. He sustained left radius and ulna fracture with absent distal pulses and unstable
compression fracture of C3 and C4 vertebrae with bone fragments impinging on the spinal cord.
Surgeons sceduled him to OR for exploration of left forearm and posterior stabilization of the
spine and instrumentation. He is seen in the ER by anesthesiology resident. His neck is in rigid
C-collar, he is awake oriented and able to move all four limbs. He has no other medical back
ground. He is a smoker and uses alcohol occassionally. His blood work is within normal limits.

What other injuries you want to rule out before surgery?

What is stable and unstable C-spine?

CT head, thorax, abdomen and pelvis are normal, other limb x-rays are also normal. His blood
work is within normal range with hematocrit of 38. He has 18g and 16g IVs.

What options are available to secure airway? is awake fiberoptic intubation the only choice
for securing airway in all unstable c-spines injuries?

Awake fiberoptic intubation was done to secure the air way under sedation.

What are the different methods that can be used to anesthetize upper airway?

What are the sedative drugs used for awake fiberoptic intubatior, in what way
dexmedetomidine is better sedative than conventional sedatives?
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Following brief neurological assessment, which was unchanged anesthesia was induced with
propofol and maintained with TIVA using propofol and remifentanyl infusions, which were

titrated to maintain BIS around 40-55.

His left forearm was explored and ORIF of both ulna and radius was done with regaining
vascular flow to the distal limb. Before patient was positioned prone, neurophysiologist
connected SSEP and MEP monitors and base line recordings were obtained before incision.

What are the different methods to monitor spinal cord function and does SSEP and MEP
monitoring impact your anesthetic plan?

Surgery was going well and half way through the surgery patient attempted to breathe and he
was allowed to breathe spontaneously. About 45 minutes later, suddenly patient’s heart rate
dropped to 30/min along with drop in the end tidal CO2 to 15 mmkHg, spo2 to 82% and BP to
60/30 mmHg. Surgeon was notified and requested to pack the wound and turn the patient supine
immediately .

What is the differential diagnosis? How will you confirm or rule out your diagnosis?
What is your immediate management?
Conld spontaneous breathing have contributed to this?

What is the volume of air that is lethal in patient with air embolism, is TEE most sensitive
to diagnose air embolism?, what other methods are available to detect air embolism and
how sensitive and specific are they?

After initial resuscitation patient was stable, he was transferred to ICU with a plan to bring him
back to OR once stabilized. Following day the patient was stable, he was taken to OR for
completion of the surgery.

What precautions will you take to prevent air embolism during the surgery?

PROBLEM BASED LEARNING DISCUSSION

This patient has been involved in a major trauma. Before taking him to surgery, he needs to have
CT scan of the head, thorax, abdomen and pelvis to rule out any occult injuries. Cervical Spine
Injury (CSI) occurs in up to 2% of ali blunt trauma patients. The incidence increases to 10% in
patients with significant head injury (GCS <8 or focal neurological deficit). Immobilization of
the spine after injury is advocated as standard of care. A three view x-ray series supplemented
with CT imaging is an effective imaging strategy to rule out CSI. Flexion-extension in the upper
cervical spine occurs at both atlanto-occipital and atlanto-axial articulation and a combined 24°
of motion may be achieved. A further 66° of flexion-extension may be achieved in the lower
cervical spine with C5-C7 segments contributing the largest component. During laryngoscopy
the primary force is an upward lift which can be as high as 50-70N. Greater force may be
required in difficult airway. This results in extension of the occiput on C1 combined with flexion
at lower vertebrae. Data collected in large series (cinefluroscopy) during laryngoscopy indicate
that direct laryngoscopy with Mac 3 blade results in near maximal extension at atlanto-occipital



1=

-28
Page 3
joint with flexion below C2-C3. There are only minimal differences with the use of straight or

curved blades.
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Spinal instability usually results from vertebral displacement. White and Panjabi concluded that
a normal adult spine would not permit horizontal motion greater than 2.7mm between vertebrae.
On x-ray if you see the horizontal displacement more than 3.5mm or 20% of the vertebral body
width, it is abnormal and the spine is considered unstable. The upper limit of physiological
angular displacement of a vertebral body compared with adjacent vertebrae is 11°, If there is a
greater angulation demonstrated on imaging studies, the spine is considered unstable at the site
of excessively rotated vertebrae. The National Emergency X-Radiography Utilization Study
(NEXUS) group identified the following injuries as not clinically significant: spinous process
fracture, wedge compression fractures with loss of 25% or less of body height, isolated avulsion
fracture without ligament injury, type-1 odontoid fractures, end-plate fractures and isolated
transverse fractures. When there is no radiographic evidence of CSl, the possibility of a
neurologically significant cervical cord injury still exists. A special entity called spinal cord
injury with out radiographic abnormality (SCIWORA) syndrome occurs when the elastic
ligaments of the neck are stretched during trauma resulting in neurological injury. This syndrome
may account for 70% of spinal cord injuries in children less than 8 years.

A patient about to undergo surgical reduction and fixation of a spinal column fracture poses a
number of challenges for the anesthesiologists. First and foremost is the need for intubation of
the trachea in a patient with CSI. The most appropriate airway management of the patient with
CSI continues to be debated. All airway maneuvers will result in some degree of spine
movement, however the available data and clinical experience support that these interventions
are performed with reasonable care are unlikely to cause any neurological injuries. Direct
laryngoscopy with manual in line immobilization is appropriate in the emergency settings and in
the unconscious, combative or hypoxic patients, when the status of the spine is not known. The
resulting neurologic outcome compare favorably to similar patient population undergoing awake
intubation and patients who did not require any airway interventions after CSI. In the OR an
awake, alert and cooperative patient can be intubated by a number of different methods known to
produce less displacement of the cervical spine and presumably less risk of worsening an
unstable CSI. The most common technique in current clinical practice is awake fiberoptic
intubation. Recent survey indicates that majority of American anesthesiologists prefer awake
fiberoptic intubation in at-risk patients. Blind nasal, transillumination with lighted stylet, the use
of intubating LMA, or Bullard laryngoscope are all acceptable. There are no clinical out come
data that suggest better neurologic out comes with any particular technique. The clinician is
advised to use the equipment and technique that are most familiar.

Adequate airway anesthesia is important in order to be successful in intubating trachea. Several
techniques are used in clinical practice; they include topically anesthetizing the airway by using
sprays and direct application of Jocal anesthetics to the respiratory mucosa, as well as a variety



L-236

L-289

Page 4

of nerve blocks. Topical anesthesia can be achieved by commercially available aerosol cans of
benzocaine and usually 3 applications to the oropharynx with duration of approximately 1
second each is sufficient, however its use is associated with the risk of methemoglobinemia.
Lidocaine 4% is frequently sprayed on the mucosa using an atomizer device. 4 ml of 4%
lidocaine can be used to anesthetize nasopharyngeal and laryngeal mucosa via nebulization. If
nasal intubation is planned, use cotton tipped swabs soaked in either lidocaine or cocaine. The
swabs are placed superiorly and posteriorly in the nasopharynx and left for several minutes to
block the branches of ethmoidal and trigeminal nerves. The other method involves coating a
nasopharyngeal airway with viscous lidocaine mixed with a vasoconstrictor and gently inserting
the airway into the nares. For oral intubation, gargling of several mls of 4% lidocaine provides
anesthesia to oral and pharyngeal tissues. The fiberoptic broncoscope itself can be used to apply
local anesthetic to the target mucosa through the working channel of the scope.

Nerve blocks are also often used to provide anesthesia for awake fiberoptic intubation. Three
nerve blocks are used to provide anesthesia to the upper airway: glassopharyngeal(oropharynx),
superior laryngeal(larynx above the cords), and translaryngeal(larynx and trachea below the
cords). Superior laryngeal nerve can be blocked useing topical application of local anesthetic in
the pyriform fossa useing Jackson or Krause forceps.

Providing adequate sedation is important and advantageous in both anesthetizing the airway as
well as during the intubation itself. Spontaneous ventilation with patient cooperation should be
maintained through out the procedure. Benzodiazepines(commonly midazolam) provide sedation
and amnesia and can help prevent seizure activity in the event of local anesthetic toxicity.
However, they are more likely to produce unconsciousness and thus uncooperative patient.
Opioids(commonly fentanyl) are also useful for providing analgesia and can help blunt airway
reflexes, especially coughing. However, they do not provide amnesia and can cause significant
respiratory depression. Case reports suggest that dexmedetomidine provides moderate level of
sedation without causing respiratory depression or hemodynamic instability. Additionally it
decreases salivary secretions, through sympatholytic and vagomimetic effects, which is desirable
when fiberoptic intubation is performed. However, it does not provide amnesia and avoided or
used with caution in patients with shock . .

Spinal cord monitoring: During spine surgery the spinal cord is at risk of injury. Following
surgery to correct scoliosis, the incidence of motor deficit or paraplegia with out spinal cord
monitoring is between 3.7% to 6.9%. This figure may be reduced to 0.5% by intraoperative
spinal cord monitoring. It is now considered mandatory to monitor spinal cord function where
there is a significant risk of injury to the nervous system. Knowledge of the methods used to
monitor intraoperative spinal cord function is essential to the anesthesiologist as the anesthetic
techniques have profound effect on the ability to monitor spinal cord function. There are four
main methods of intracperative spinal cord function monitoring; Ankle clonus test, the stagnara
wake-up test, SSEP, and MEP.
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Ankle Clonus test; Historically, this was the first method to be used. This is usually performed

during emergence, either at the end of surgery or during wake-up test. This test is easy to
perform and has high level of sensitivity and specificity. It can only be performed intermittently
and the absence of clonus could not only be due to spinal cord damage, but also due to an
inadequate or deep level of anesthesia.

[l (o
N

Stagnara wake-up test; This was first described in 1973. Preoperatively, the need for this test is
explained to the patient and it will involve specific motor responses usually of lower limbs to
verbal commands during surgery. It has number of disadvantages; it requires patient cooperation,
it poses risk to the patient of moving or falling from the operating table, inadvertent tracheal
extubation and dislodgement of vascular access.

SSEPs(Somatosensory Evoked Potential) are elicited by electrical stimulation of mixed nerves
peripherally and recordings are made at a distant site cephalad to the level at which surgery is
performed. The functional integrity of SSEP is determined by comparing change in the
amplitude and latency obtained during surgery to the baseline values. A 50% reduction in
amplitude and a 10% increase in the latency are generally considered significant. Inhalational
agents and nitrous oxide cause a dose dependent reduction in amplitude and increase in latency.
60% Nitrous oxide with 0.5 MAC of isoflurane or 0.5% of enflurane is compatible with effective
SSEP mointoring. TIVA has minimal effects on SSEP monitoring and the combination of
propofol with remifentanyl or midazolam/low dose ketamine/narcotic has been successfully
used. In a large retrospective multicenter study of over 51 000 procedures, SSEP monitoring was
found to have sensitivity of 92% and specificity of 98.9% in detecting spinal cord integrity. The
false negative rate was 1 in 787 procedures and false positive rate was 1 in 67 procedures.

MEP(Motor Evoked Potential); Following reports of post operative paralysis despite apparently
normal intraoperative SSEPs, led to the efforts to monitor motor tract of the spinal cords using
MEPs. Inhalational agents are powerful suppressant of cortical evoked MEPs. IV propofol with
fentanyl or remifentanyl has been advocated and provides for adequate MEP recordings.

The clinical picture and laboratory evidence suggest that this patient had developed
intraoperative pulmonary embolism. Embolism may result from intravasular gas (air, carbon
dioxide or oxygen), thrombus, ammniotic fluid, fat, bone marrow, aggregated blood products and a
variety of foreign bodies(example cannula fragments). In this patient it was air embolism which
was confirmed by TEE. Cervical surgical procedures are not commonly associated with air
embolism but it is well known. Vascular air embolism (VAE) is the entrainment of air from the
operative field or other communications with the environment into the venous or arterial system
with the systemic manifestation (mainly pulmonary,cardiovascular and central nervous system).
The true incidence of VAE may never be known, many of them are sub clinical with out any
untoward effects and may go unreported. From the case reports of accidental intravascular
delivery of air, the adult lethal volume has been described between 200 to 300 ml or 3-5 ml/kg.
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Clinical presentation may include cardiovascular, puimonary, and neurological sequelae, the
spectrum of the adverse events dependent on rate and volume of air entrained and whether
patient is spontaneously breathing, creating negative intrathoracic pressure facilitating of air
entrainment or patient is on controlled positive pressure ventilation, Following figure illustrates
clinical presentation of acute air embolism.
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In table 1 relative risk of air embolism in commonly performed procedure and in table 2
comparing different methods of detecting air embolism are shown. Transesophageal
echocardiography is the most sensitive monitoring device for detecting air embolism. It can
detect as little as 0.02 ml/kg of air administered by bolus injection.
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Table 1; Relative Risk of A:r/Gas Embohsm

]—CTnEon Procedures Relative Risk
fSlttmg position cranlotomy_-—. - ingh
Il:'ostem:)r fossa/neck surge;j} ________ - EHigh
!Laproscoplc procedures - - iHigh .
[Total hip arthrop]ég; S lHigh
\Cesarean delivery - High "
lCentral venous access—plaeemenﬁremoval - IH_lgh :
|Cramosynostosm repair }High

Spinal fusion | - !Medium_
|Cervical laminectomy - Medium
Prostatectomy o - Medium
\Gastrointestinal endoscopym—”—_ - ‘Medium
[Contrast radiography - ]Medium o
’Blood cell infusion - %Medium
[Coronary surgery - !Medium
Peripheral nerve procedures S Low
]Antenor neck surgery o B ILow

IBurr hole neurosurgery '- §Low
[Vagmal procedures o [Low
!Hepatic surgery . N i [Low

Approximate expected~ ;ep;orted incidences: high,>25%; medium, 5-25%, low < 5%



L-236
L-289
Page 8

Table 2;_ Comparison of Methods of Detection of Vascular Air Embolism

Method of Detection Sensitivity(ml/kg ;&vgllablht :nvaswenes Limitarions

TEE High(0.02) Low High T
expensive

[]_’recordial Doppler High(0.05) Moderate None Obese patients

IPA catheter High(0.25) Moderate  High s tb

I orifice

TcD High Moderate  None Expertise required

ET N2 Moderate(0.5) Low None N20, hypotension

|[EFCO2 Moderate(0.5)  Moderate None Pulmonary disease

|Oxygen saturation Low High None Late changes

Direct visualization = Low High None No physiologic data

{Esophageal - |

lstethescape Low(1.5) High Low Late changes

[Electrocardiogram Low(1.25) High Low Late changes

ETCO2=end-tidal carbon dioxide; ETN2= end-tidal nitrogen; N20= ntrous oxide; PA =
pulmonary catheter; TCD= transcranial doppler; TEE= transesophageal echo

Management of air embolism,; Newer monitoring devices have enabled us to diagnose and treat
the air embolism early before the life threatening events occur. When there is high index of
suspicion inform the surgeon, prevent further entrainment/infusion of air, flood the surgical field
with saline/saline soaked dressings, institute 100% oxygen with hand ventilation, turn off nitrous
oxide and volatile agent if hypotensive. It may be possible to relieve air-lock in the right heart by
placing the patient in partial left lateral decubitus position(Durant maneuver), aspirate central
venous line if already in situ. Do not hesitate to treat as a cardiac arrest- institute external cardiac
compressions, iv epinephrine 0.001mg/kg bolus and if necessary start infusion at
0.00015mg/kg/min along with volume expansion with crystalloid 10ml/kg. Early hyperbaric
oxygen has been show in case series to have beneficial effects. There have been benefits
observed in animal models with fluorocarbon derivatives in the management of VAE, especially
cerebral ischemia, but human data are lacking.

Prevention of air embolism is accomplished by avoiding patient position such as prone or park
bench or by decreasing the gradient between the open surgical site veins and right atrium via leg
elevation and using the flex option on the operating table control. Adequate hydration reduces
VAE risk by preventing wide gradients between the right atrium and the entraining veins. The
use of military antishock trousers have been show to reduce the VAE risk by increasing right
atrial pressure, however its routine use in high risk patients can not be justified. Prophylactic use
of PEEP has been controversial and it should be used with caution and used to improve
oxygenation rather than as a means to minimize VAE.
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Learning Summary;
Participants in this problem based learnig discussion will discuss the airway management of

patients with CSI.different methods to monitor spinal cord function during spine surgery and
diagnosis and management of intraoperative air embolism.
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LEARNING SUMMARY
Emergency management of Unstable Cervical Spine Injury.
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Heidi M. Koenig, M.D. Louisville, Kentucky

OBJECTIVES
The participant will be able to:

1) Understand the indications, contraindications, and preoperative preparation of the patient and
the medical team for awake craniotomy.

2) Understand that the patient must be deeply sedated to tolerate certain parts of the procedure,
but wide awake, yet comfortable for the testing and resection of seizure focus.

3) Understand the major intraoperative difficulties that arise at some point during many of these
procedures.

4) Understand the medications that may not be used and those which are useful and when to
give them during the procedure.

STEM CASE - KEY QUESTIONS

A 24-year-old man is scheduled for left temporal craniotomy and seizure focus excision during
sedative anesthetic. He suffered a seemingly minor blunt head injury several years ago and now
suffers almost daily seizures. The MRI shows a tiny scar-type lesion on or near his dominant
(left) motor strip. The plan is to excise this with intraoperative electrocorticography (ECoG) and
motor testing.

Have you ever seen or performed an awake craniotomy before? What are the indications
for such a procedure? Are the concerns the same for awake craniotomy and for deep brain
stimulators? How about trigeminal neuralgia treatments? Are there any contraindications
to such an intervention?

The patient is otherwise healthy and has undergone several uncomplicated anesthetics for
orthopedic injuries. The nurse has performed the preoperative evaluation. She told the patient
that she couldn’t imagine that anyone would do a craniotomy awake. He assures her this is what
the neurosurgeon plans and that he is quite concerned about being awake during the whole
process.

Do you need to meet with this patient or have a conversation with the neurosurgeon
regarding this case?

You set up a meeting with the neurosurgeon, the neurologist, the patient, and his parents in order
to go through the requirements for the patient, the monitoring, and for the surgical conditions.
The patient thinks he can tolerate this if he listens to special music during the procedure;
unfortunately, you happen to know that the neurosurgeon wants absolute silence in the OR.

How can you please both?
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The next day the patient arrives in the holding area. The neurosurgeon requests sedation for the
application of the halo frame. You look at it and see where he wants to put it. It will be quite

close to his nose and just above his mouth.

Do you tell the surgeon you are uncomfortable with the position of the frame? What drugs
can you give? Not give? Is there anything else that you could suggest to decrease the pain of
the local anesthetic injection?

Now the patient needs to go to MRI for stereotactic scan with the halo on so that the
computerized planning of the craniotomy can continue.

Sometimes the mapping is quite difficult and takes a long time. Are you and your team
prepared to go with the patient? Could you give agents that would allow the patient to
travel to get the MRI without anesthesia personnel? Should you give any special
instructions to the OR personnel regarding this case?

You insist on recovering the patient for 20 minutes until the effects of your sedation have worn
off and so you do not need to accompany him. He goes to the scanner and mapping takes place.
He returns to the helding area in two hours. The neurosurgeon gives you the go ahead to take
him to the room and initiate sedation for the procedure. You proceed. The first phase is a
preparatory one. Monitors, an arterial catheter, a central venous catheter, and a urinary catheter
must be placed; the head must be shaved; and the scalp block performed.

Should you do the scalp block? How deep should the sedation be at this point? What
medications should you be using? What local anesthetics should you use? What about
benzodiazepines or sodium thiopental?

The halo frame is secured to the operating room table and the patient is put in a slight head up
and right tilt position with the use of the mechanical operating room table. You rouse him to be
certain he is comfortable. You pad and secure his legs and tuck the left arm. The right arm must
be free to allow careful testing during the excision. Next, the surgical prep of the head is done.
The patient startles at the wet and cool stimulus. You are concerned that he may move in the
head pins and hurt himself.

Are there any special considerations as you position the table? Shouid you use soft
restraints on the patient’s right arm to prevent him from interfering with the surgical
process?

The process moves forward and the patient is once again quiet on the table. The procedure starts.
At the time when the temporalis muscle is being taken down the patient complains of pain and
starts to squirm. You deepen the level of sedation. Suddenly you notice that there is no end tidal
COz tracing and the O; saturation is decreasing. The patient is obstructing his airway, but is still
making respiratory efforts.

Now what do you do? Should you just tell the surgeon to forget it? Should insert an LMA?
The situation resolves. You continue. Again there is some arousal and squirming at the time of
the drill opening the craniotomy. Now the patient is complaining of nausea. He looks unwell.
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What can you do?

You treat the nausea and the procedure goes on. After dural opening, you reduce the level of
sedation and prepare for testing. As the neurosurgeon approaches the area of interest, the
patient’s face, then his arm, begins to twitch.

What’s going on? What should one do?

The neurosurgeon asks you not to give midazolam or barbiturates. He does something and the
twitching activity stops. He wants the patient to move his thumb and his great toe intermittentiy.
You relay the requests to the patient and he does the desired activity. Suddenly after about 15
minutes of testing, he is unable to move his thumb. You inform the surgeon.

The surgeon mumbles and does something. Then he requests the patient move his thumb again.
It moves again.

What just happened?

Now the patient is complaining of thirst and an ache in his neck. You reassure him and ask him
to not move. He complies for a little while, but soon is asking for something to drink again. The
surgeon is not done with the testing and resection yet.

What do you do now?

The mapping goes on and the patient starts to complain of urinary urgency. You assure him there
is a catheter in place and that he will not embarrass himself. Now he complains of an itch under
his left knee, then of thirst and urinary urgency. The surgeon is getting impatient with the
situation.

What can you do to get through the final 20 minutes of mapping and resection?

Finally, the surgeon announces that the mapping and resection are complete. The patient believes
him and reminds you every minute or so. You ask the surgeon if you can deepen the sedation. He
allows this and asks you to give the patient his usual anticonvulsants. The neurosurgeon then
scrubs out. He leaves his assistant to assure hemostasis and to close the craniotomy.

You administer additional propofol and midazolam. The patient goes to sleep. You call for
someone to give you a break now that the critical part of the procedure is done. You go to the
break area and are immediately paged back to the OR! The neurosurgeon has decided to resect
one more section of the brain where there might be some additional scar tissue. You turn off the
propofol and offer to give flumazenil. You try to rouse the patient, but he’s too sleepy to
cooperate. When you are able to get a response out of him he startles. You are afraid he’ll injure
himself since his head is fixed in a frame.

Now what should you do? Should you give flumazenil or insist that the team wait until the
patient can cooperate again?
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The surgeon doesn’t want to wait. He resects the additional area without testing. The assistant

closes and you take the sleepy patient to the ICU.

The neurosurgeon and the neurologist are looking at the functional MRI and the intra- and extra-
operative ECoG materials. As the patient awakens you are eagerly testing his motor function on
his dominant side. He has a mild deficit of the thumb. He is grateful for your efforts and
somewhat apologetic for his neediness during the procedure. You feel awful.

Should you tell him that you prevented the team from testing him for the last bit of the
resection and put him at risk? Should you assure him the strength will return? What
should you do if the neurosurgical team indicates his deficit is due to a poorly performed
sedative anesthetic?

PROBLEM BASED LEARNING DISCUSSION

A 24-year-old man is scheduled for left temporal craniotomy and seizure focus excision during a
sedative anesthetic. He suffered a seemingly minor blunt head injury several years ago and now
suffers almost daily seizures. He hates his medication regime, or that he cannot drive or have
even an occasional drink of alcohol. The MRI / functional MRI shows a tiny scar type lesion on
or near his dominant (left) motor strip. The surgeon doesn’t want to disable the man, so the plan
is to excise this with intraoperative electrocorticography (ECoG) and motor testing during a
sedative anesthetic.

Have you ever seen or performed an awake craniotomy before?

In preparation for a procedures that is unfamiliar to the team, there must be conversations
which review every detail and expectation of everyone involved—in this case everyone
from the patient and neurosurgeon to the nurses and neurologists.

This is not a procedure that should be undertaken without a large amount of preparation of the
patient, the family, and the whole perioperative management team. Everyone in the room needs
to be aware of the fact that the patient is awake and keep their conversations to a minimum and
respectable. This will facilitate communication between the neurosurgeon, the monitoring team,
the patient, the anesthesiologist, and the nursing personnel.

What are the indications for such a procedure?

A common indication is the need for intraoperative assessment and preservation of neurologic
function when the procedure is in an eloquent area of the brain, as in temporal lobe surgery for
seizure focus excision. The other indication is the need to verify that the procedure has indeed
controlled the problem, such as the movement disorder of Parkinson’s disease. Other awake
neurosurgical procedures include tumor and AVM resections. Rarely awake cranial procedures
are performed for chronic pain syndromes. Basically, neurosurgeons are performing more and
more invasive procedures that require patient cooperation intraoperatively. Deep brain
stimulators for patients with Parkinson’s disease, AVMs, tumors in eloquent areas of the brain,
and stimulator for pain procedures are just a few of them that require a2 wide awake and
cooperative patient during key portions of the procedure.

Are the concerns the same for awake craniotomy and for deep brain stimulators?
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No. Actually in many centers neurosurgeons perform the deep brain stimulators without any
anesthesia personnel present. In the United States, anesthesiologists are usually present to
monitor the patient and tend to any emergencies that might arise. When performing sedation for
deep brain stimulators, one is much less limited in the choice of medications. All sorts of
interesting things can occur during these minimally invasive procedures, but they are usually
related to the underlying disorer. The patients must refrain from taking their medications prior to
surgery for movement disorders. This so that the surgeons can be certain the abnormal
movements are controlled during the intraoperative trial of the stimulator leads.

In one case, 2 Parkinsonian patient was experiencing such vigorous movements and sweating
that it was difficult to carry on the procedure and monitoring. She was also being treated for mild
nausea, which she related to having her head in a fixed position when her bedy was moving so
much. Eventually the anesthesiologist realized the patient was experiencing diaphoresis and
hypoglycemia from all the energy expenditure! A little D5 1V and she were able to go on with
the testing. Those procedures are amazing! The patients can usually drink water from a cup
without spilling at the time when the deep brain stimulator is activated.

A good sedative to use for these procedures is dexmedetomidine (either as an infusion or as
carefully titrated bolus [10mcg] doses) as it doesn’t interfere with the respiratory drive and or
increase secretions. Most patients are uncannily able to awaken themselves and cooperate when
coached. They feel as if they’ve had a very pleasant experience afterward.

What about trigeminal neuralgia treatments?

These are extremely difficult, because, once again, the lesion is permanent. The patient must be
absolutely lucid and cooperative and then deeply anesthetized several times in sequence for the
ablations and testing sessions. It is important to have all the x-ray and radiofrequency abiation
equipment in the room and ready to go when the patient arrives for the procedure to decrease the
commotion and the patient’s anxiety.

Are there any contraindications to such an intervention?

YES! 1) A patient who is almost continuously seizing or is unable to cooperate or to lie still for
many hours. 2) There are cases that are ill advised to try to do under awake conditions. The
neurosurgeons, family, and neurologists all need to be realistic about what the anesthesiologists
can accomplish. 3) We’re good, but we cannot perform this type of procedure in someone who
does not speak the same language we do.

Do you need to meet with the patient or have a conversation with the neurosurgeon
regarding this case?

You would need to set up a meeting with the neurosurgeon, the neurologist, the patient, and his
parents. At the meeting you assure the patient that he’ll be comfortable and detail what the plan
is with regard to the halo, the urinary catheter, the lines, and the monitors. In addition you wam
him about the potential for some noise in the operating room during the procedure and that you
will be with him throughout the entire time.
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You go through the requirements for the patient during the mapping and resection. Take this
time to build rapport with the patient. If he wants to listen to special music during the procedure,
it must be interrupted during the testing phase. Also, if you can reach the ears, ear buds or
headphones can be positioned and kept at a low volume so the surgical team is not disturbed.

The next day when the patient arrives in the holding area, what drugs can you give for the
application of the head frame?

One possibility is to give small boluses of dexmedetomidine (10 mcg increments) and
remifentanyl (6.25 mcg increments). These are very potent drugs and should not be given by
inexperienced personnel. The combination, if given quickly, can lead to extreme bradycardia, so
wait for the full effect of each dose before giving more. Also, if you have never administered
them by bolus before, this is not the situation in which to try something new. These meds allow
the anesthesiologist to momentarily give the patient excellent anaigesia and sedation for
administration of the local anesthetic and application of the frame. Also, after 5 minutes the
sedation wears off and the patient can travel to MRI or CT for mapping without an
anesthesiologist accompanying them. Midazolam and barbiturates should be avoided. You can
recommend that the surgeon add sodium bicarbonate the local anesthetic (0.1 meq NaBicarb/ml
of local anesthetic) and thus decrease the pain of application. Pain can be further reduced by jet
injection of the local anesthetic.

Are there any special considerations as you position the table? Should the anesthesiologist
use soft restraints on the patient’s right arm to prevent him from interfering with the

surgical process?

When the patient returns from the scans and mapping, you can initiate the sedation and proceed
into the OR. Some anesthesiologists do the scalp block. As long as there is excellent sedation
and monitoring, this is not a problem.

The halo frame is secured to the operating room table and the patient is put in a slight head up
and right tilt position with the use of the mechanical operating room table. You rouse the patient
to be certain he is comfortable. You pad and secure his legs and tuck his left arm. The areas of
interest during the testing must be free enough to allow testing during the excision. Throughout
the process, you must rely on your rapport with the patient to sustain much of the calming
necessary to keep him on the table.

What can you do when the patient requires more analgesia and obstructs his airway?
Should you just tell the surgeon to forget it? Should you insert an LMA?

The best thing to do is to gently perform a jaw thrust without moving the surgicat field. If that
doesn’t help resolve the situation, you can try inserting a nasal airway. This is usually too
stimulating for the patient to tolerate and the patient breathes well enough not to require it any
more. Of course, the patient may also move and strain during the process.

‘What can you do when the patient freaks over the drilling and becomes nauseated?
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Temporarily deepen the sedation carefully. Treat the nausea with antiemetics. Many
anesthesiologists give prophylactic antiemetics, such as dexamethosone and a SHT; antagonist,
at the beginning of the sedation. Again, rely on the rapport you developed with the patient.

=
oo o

As the neurosurgeon approaches the area of interest, the patient’s face and thea his arm
begin to twitch. What’s going on? What should you do?

This is a seizure. The neurosurgeon can irrigate the area with iced saline and interrupt it
temporarily. This also interrupts the electrocorticography temporarily, but it is reversible. If you
give intravenous anticonvulsants, you will have the effect of the medications for a long time and
you may not be able to get adequate monitoring again. If the patient goes into a persistent seizure
you must protect the airway and administer medications to stop it.

The patient is moving his thumb and great toe at the neurosurgeon’s request intermittently during
testing. Suddenly after about 15 minutes of testing, he is unable to move his thumb. You inform
the surgeon. He mumbles and does something. Then he requests the patient move his thumb
again. It moves again.

What just happened?

The surgeon was probably stimulating an area of seizure focus that demonstrated motor function
on the fMRI. He will not resect it if it controls the dominant opposing digit.

When the patient becomes uncomfortable and complains of thirst and aches and such what
do you do?

Depend on the rapport you developed with him earlier. Sometimes a little ice or a damp cloth on
the lips is helpful. Reassure him that you are working as fast as you can.

What can you do to get through the final 20 minutes of mapping and resection when the
patient is becoming anxious and complaining of urinary urgency, itchiness, thirst, and
aches?

This is common and you must reassure the patient over and over.

When the procedure is truly completed, you should administer the patient’s anticonvulsant drugs
and deepen the sedation. Many anesthesiologists wait until the dura is closed to initiate
benzodiazepine therapy and anticonvulsant therapy to avoid the scenario described above.

If the surgeon does return to resect one more focus, flumazenil and naloxone will awaken the
patient, but these agents are somewhat unpredictable and you may end up with a dangerously
awake and frustrated patient who is possibly having a seizure! There is no right answer. If
possible, allow a bit of time to pass, and then when the patient is arouseable again, retest and
complete the resection.

If the patient does end up with a deficit postoperatively, should you tell him that, as his
anesthesiologist, yon prevented the team from testing him for the 1ast bit of the resection
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and put him at risk? Should you assure him that the strength will return? What should you

do if the neurosurgical team indicates his deficit is due to a poorly performed sedative
anesthetic?

These are extremely difficult situations to deal with and each individual has to come up with his
or her own answer. One thing is certain; you must always assure the patient that no matter what
the outcome, you truly did the best that you were able. And if there is a deficit postoperatively
you should not accept blame or suffer guilt over the whole situation if you followed the best
medical practice. If something occurs in the OR or ICU, everyone should be honest and not
imply that another practitioner performed poorly. You may want to invite the neurosurgeon to
discuss the intraoperative events and the possible reasons for the adverse outcome with the
patient and family to help them understand the dilemmas and ward off bad feelings.

One way to perform these cases is as follows: Use dexmedetomidine, 10 mcg boluses —with or
without an infusion — to keep the patient comfortably awake without respiratory depression,
supplement with small amounts of narcotics and propofol during the most stimulating portions of
the procedure, and add a little benzodiazepine at the end of the case. Most of all, keep good
rapport with the patient and the surgeon.

Many practitioners put the patient to sleep for the initial part of the procedure, wake and extubate
them for the testing, and then replace the ETT or LMA for the closure, It depends on the comfort
level of the neurosurgeon and the anesthesiologist as well as the patient with all the airway
manipulation. If in a situation that requires airway support, if at all possible place an LMA using
the thumb to guide it into the pharynx without removing drapes or frame. Usually, the
positioning allows for enough oral opening for the LMA to slip into place. If this doesn’t work,
the anesthesiologist can place a mask on the patients until the sedation wears off enough for
them to maintain their own respiration again. If need be, the anesthesiologist can request the
surgeon to cover the field and remove all or part of the frame to secure the airway again.
Remember it is not necessarily a failure of skill to change to a sleeping technique, but it is in the
patient’s best interest if he can’t tolerate the process or has a seizure or surgical issue, such as a
swollen brain, which requires more control of the airway.

Is possible, continue a technique of anesthesia that atlows for continued monitoring of the
electrical activity of the brain and the guided resection can be completed

These really challenging cases are becoming more common. Review the procedure and
expectations with everyone involved in advance of OR entry. What ever you do, choose
medications and airway management techniques that you are comfortable with. Keep in constant
communication with the patient and the surgeon and the cases will go quite well and everyone
will be satisfied in the end.
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LEARNING SUMMARY

The participant will be able to:

1) Understand the indications, contraindications, and preoperative preparation of the patient and
the medical team for awake craniotomy.

2) Understand that the patient must be deeply sedated to tolerate certain parts of the
procedure,but wide awake, yet comfortable for the testing and resection of seizure focus.

3) Understand the major intraoperative difficulties that arise at some point during many of these
procedures.

4) Understand the medications that may not be used and those which are useful and when to
give them during the procedure.



Perioperative Visual Loss:
31-Year-Old Female Scheduled for a Redo Spinal Fusion with Instrumentation

Lorri A. Lee, M D., Department of Anesthesiology, University of Washingion, Seattle, WA

Objectives:
After preparing for and discussing this case the participants will:

1.

2.

3.

Discuss the preoperative workup and consent for a patient undergoing major spinal
surgery.

Understand the physiology and potential complications of prolonged surgery in the prone
position.

Discuss the monitoring and anesthetic management for major spinal surgery, including the
role of deliberate hypotension and fluid management.

Understand the different etiologies that have been suggested to contribute to perioperative
visual loss.

Discuss what precautions have been suggested to decrease the risk of perioperative visual
loss in the prone position, and what documentation is recommended.

Discuss the best ophthalmologic exam needed to aid diagnosis of perioperative visual
loss.

Understand the differential diagnosis and diagnostic workup of perioperative visual loss,
and the association with particular procedures. :

Discuss the possible treatments for perioperative visual loss and the potential for
improvement.

Case: 31 yo female is scheduled for a redo spinal fusion with instrumentation. She is S/P
Harrington rod fixation at 15 years of age.

Preoperative Evaluation:

1.
2.
3.
4,

What are this patient’s risk factors for perioperative visual loss?
Does her relatively young age protect her from this complication?
Should your consent cover the risks of perioperative visual loss?
What monitors would you use for this case?

Anesthetic Management Issues:

1.

el

Because this is a multi-level redo spine operation with instrumentation, the surgeons have
requested that you manage the anesthetic with deliberate hypotension — what do you tefl
them?

The surgeons want to put the head in Mayfield tongs “so the patient won’t go blind.”
What is your response?

Are there any monitors available to monitor optic nerve ischemia?

Will you change your management in any way with the intent to decrease the risk of
perioperative visual loss?



Intraoperative Course:
After approximately 6 hours of operating with an estimated blood loss (EBL) of 1500ml,
transfusion of packed red blood cells (PRBCs) and cell saver has resulted in a hematocrit of
29% and a CVP of 17 mm Hg. However, the blood pressure has gradually decreased to a
mean arterial pressure (MAP) of approximately 60 mm Hg. Her baseline MAP is 100 mm
Hg. You attempted to reduce the anesthetic depth, but this resulted in inadequate
anesthesia and interference with the SSEP signals.

1. 1sa MAP of 60 mm Hg is sufficient for this 31yo patient in the prone position?

2. Would you try to increase her MAP with volume? Colloid vs. crystalloid?

3. If volume does not improve her MAP, would you start a phenylephring infusion to

increase her blood pressure? Does phenylephrine affect the blood flow to the optic nerve?
4. Would you encourage the surgeons to close soon and stage the procedure?

Postoperative Course:
The operation was not staged and lasted 10 hours. Total EBL was 3200m] and ending
hematocrit was 28%. The patient was turned supine and her face was very edematous.
You elected to keep her intubated overnight until the head and neck edema subsided.
1. Are there any special precautions you will take with the intent of decreasing her risk of
perioperative visual loss while she remains intubated?
2. [If she could count fingers in each eye, would the possibility of visual loss be exciuded?
What is the best test for perioperative visual loss?
Approximately 2 hours after she is extubated on POD #1, she complains of inability to see
from her left eye.
1. What is the most likely diagnosis of her visual loss? What is the differential diagnosis?
2. What tests besides the ophthalmologic consult would be heipful to diagnose her lesion?
3. What treatment options have been tried for perioperative ischemic optic neuropathy
(ION)?
4. What are her chances of vision recovery?
5. If the surgeons had staged her procedure originally, how long would you make them wait
before returning to the operating room?



Perioperative Visual Loss

Perioperative visual loss has received increased attention over the last decade from
surgeons, anesthesiologists and ophthalmologists. The perceived increase in the incidence of
perioperative visual loss after spine surgery in the prone position is probably a result of 3
changes: 1) increased awareness of the disease; 2) a dramatic increase (300 — 400%) in the
use of instrumentation since 1996 when interbody cages were FDA approved, which results in
longer operative times and increased blood loss; and 3} an aging population who require more
spine operations for degenerative conditions. Despite this increased attention, little progress
has been made because of the low incidence of this complication (highest estimates at 1 in
500 for spine operations ' ) and the inability to monitor the optic nerve function
intraoperatively. Although many factors such as hypotension, anemia, long duration in the
prone position, large blood loss, fluid management, adverse drug effects, and unique
anatomical variations in optic nerve blood supply have been proposed as contributing to this
complication, none have been causally linked in randomized controlled trials or animal
models.?

The most common operations associated with perioperative visual loss are cardiac bypass
procedures, spine surgery in the prone position, and head and neck operations.® The
incidence, presumed etiology, and type of lesion may vary depending on the type of
procedure. However, regardless of the procedure, the differential diagnosis is the same. The
primary ophthalmologic lesions to consider are 1) central retinal artery occlusion (CRAQ); 2)
anterior ischemic optic neuropathy (AION); 3) posterior ischemic optic neuropathy (PION);
and 4) cortical blindness. All of these lesions can occur in patients undergoing spine surgery
in the prone position, but the most common lesion associated with this procedure is ischemic
optic neuropathy (ION), particulary PION. Preliminary results from the ASA Postoperative
Visual Loss Registry demonstrated that 81% of 53 spine cases in the database were diagnosed
with either AION or PION.* Only 13% of cases were diagnosed with CRAO.

Central Retinal Artery Occlusion (CRAQ)

CRAO displays an absent pupillary reflex or relative afferent pupillary defect. It is
almost always unilateral, usually involves total loss of vision, and rarely recovers.
Fundoscopic exam reveals a pathognomonic cherry red spot at the macula, narrowed retinal
arterioles, and a pale and edematous retina. Etiologies proposed for CRAQ with respect to
spine surgery include external globe compression, emboli, hypotension, venous congestion,
or vasculitis. Although most postoperative visual deficits after prone spine surgery are caused
by ION not associated with external globe pressure, the rare cases that are diagnosed with
CRAOQ in the prone position are frequently associated with globe compression. Associated
ipsilateral features such as extraocular muscle paresis, bruising, periorbital edema, or
proptosis implicate external globe compression as the causative factor in CRAO. Blood loss
and duration of surgery for patients diagnosed with CRAO are usually significantly less
compared to patients diagnosed with ION.* Many of the case reports with CRAO occurred
with the use of the horseshoe headrest, though it can occur with soft foam cushions as well.
In fact, the original 8 cases of CRAO published in 1954 that occurred in the prone position in
association with pressure on the globe, all used the horseshoe headrest.® Because CRAO still
occurs secondary to external globe compression in the prone position, careful eye checks
every 15 to 30 minutes in the prone position with documentation is recommended. Mayfield
tongs are an alternative to the horseshoe headrest when the eyes cannot be adequately



protected or frequently checked during the procedure. However, tongs will not prevent the
occurrence of ischemic optic neuropathy (ION).

Ischemic Optic Neuropathy: AION and PION

ION is the most common diagnosis for perioperative visual loss associated with spine
surgery in the prone position. AION and PION may be difficult to distinguish from one
another because of subtleties of the fundoscopic exam, and the fact that both lesions are
identical several days to weeks after the event. Early fundoscopic exam will demonstrate disc
swelling / edema in AION, whereas the fundus is entirely normal in appearance with PION,
Several days to weeks later when disc edema has usually resolved, the fundoscopic exam
reveals optic nerve pallor in both AION and PION, and they are indistinguishe™le at this
point. It is currently unclear if these 2 lesions represent a continuum of the same disease or
not when associated with spine surgery. Pupillary light reflexes in ION are either absent or
delayed. Unlike CRAQ, both eyes are affected in just over half of the ION cases in the ASA
Postoperative Visual Loss Registry Loss of vision can include total blindness or altitudinal
field cuts. Some recovery occurs in approximately 40 to 45% of patients, but vision rarely
returns to baseline. High dose steroid and / or hyperbaric oxygen treatment have been utilized
for treatment of 10N with variable success. Restoration of the MAP to baseline and treatment
of significant anemia is recommended by most consultants. Proposed etiologies for ION
include hypotension, anemia, venous congestion, edema, adverse drug effects, and individual
patient variation in anatomy and physiology of the optic nerve blood flow. Embolic causation
is less likely with this lesion because the retina lacks these findings. This lesion is not
associated with external pressure on the globe, and 8 of 43 spine cases with ION from the
ASA Postoperative VISUE!JE Loss Registry had their heads in Mayfield tongs with their eyes
free of any pressure.* Spine surgery patients with [ON from this database had an associated
large operative blood loss (median 2.3 liters), long duration in the prone position (median 8
hours), some degree of hypotension (median lowest MAP 37% decrease below baseline), and
moderate anemia (median 25.5%).

Cortical Blindness

Cortical blindness demonstrates normal pupillary light reflexes with a normal
fundoscopic exam. Peripheral vision is frequently affected, but total blindness may occur as
well. Both eyes are usuaily affected, and approximately 2/3 of cases may get some
improvement in vision.?> Etiologies for cortical blindness include hypotension and emboli.
Treatment is directed at restoration of baseline MAP. This lesion is rarely diagnosed after
spine surgery in the prone position unless some intraoperative catastrophic event occurs
leading to profound hypotension.

Diagnostic Studies for Perioperative Vision Loss

Ophthalmologic exam is the first and only essential test that should be ordered for any
patient with perioperative visual loss. Visual acuity, intraocular pressures, color testing, gross
visual fields, pupillary reflexes and fundoscopy with pupillary dilation should be performed.
The ability to read letters and numbers or count fingers does not preclude the possibility of
scotoma or visual field cuts as occurs in ION. Formal visual fields should be assessed in the
ophthalmologist’s office prior to discharge when there is a complaint of visual loss. Some



defects are so subtle that patients do not notice them until they go to read a book several
weeks after their operation.

CT and MRI should demonstrate occipital cortical strokes consistent with cortical
blindness. CT is not useful for the diagnosis of ION. MRI is not particularly sensitive for
detecting early ischemia of the optic nerves, but may occasionally show swelling or abnormal
signal intensity. Electroretinograms (ERG) are sensitive detectors of retinal ischemia and
should be useful for detecting CRAQ, though fundoscopic exam should be sufficient for
diagnosing CRAO with a finding of the pathonogmonic cherry red spot. Visual evoked
potentials (VEPs) detect abnormalities of the optic nerve and its projections to the occipital
cortex. VEPs are useful in the diagnosis of ION before optic nerve pallor has emerged,
particularly when visual acuity is unable to be assessed. Currently, VEPs are unreliable when
used in the presence of general anesthesia, volatile or total intravenous based, and therefore
cannot be utilized as an intraoperative monitor of optic nerve function.

Perioperative Visual Loss Associated with Spine Surgery in the Prone Position

The majority of ION cases associated with spine surgery in the prone position are
diagnosed as PION. This is also the most commonly diagnosed ophthalmologic lesion that
occurs after radical neck procedures in which both internai jugular veins are ligated.’
Therefore, venous congestion is thought to be a significant etiologic factor in the
development of this disease. Both intraocular pressure (IOP) and intracranial pressure (ICP)
are known to increase in the Trendelenburg and prone positions, presumably from venous
engorgement, as central venous pressure also increases.®'® Because maintenance anesthesia
is often associated with a 10% to 30% decline in MAP from baseline, the perfusion pressure
of the optic nerve may significantly decrease during prone spine surgery or during operations
in which the venous drainage from the head and neck is compromised. Further reduction of
inflow,-as with deliberate hypotension, or increase in venous congestion from lowering the
head position may cause a critical reduction in perfusion pressure to the optic nerve in
susceptible individuals. This rationale has served as the basis for the recommendation to
maintain the MAP within 20% of baseline for spine surgery in the prone position.

There are currently no adequate randomized controlled trials (RCTs) demonstrating the
benefits of deliberate hypotension in spine surgery in the prone position. One small study
with only 24 patients demonstrated reduced blood loss, but operating time was not shortened.
Moreover, five of these patients had SSEP changes requiring reversal of the hypotension and
wake-up tests.!’ It is unclear whether or not reducing the arterial blood pressure would
decrease bleedingin spine surgery to the same degree as in hip surgery, without affecting
spinal cord blood flow. Although the benefits of deliberate hypotension were demonstrated in
a RCT for hip surgery,'? the venous congestion in spine surgery in the prone position is likely
to be significantly greater than in hip surgery where the leg is frequently elevated.

Other factors that may also contribute to the development of ION are significant anemia
with reduced oxygen delivery. Many ION case reports after spine surgery are associated
with jarge blood loss and anemia, as well as hypotension. It is unclear if the anemia is an
incidental finding or contributory factor. Although many studies have demonstrated
increased blood flow with anemia, they have not been performed under conditions of high
venous “back pressure” for prolonged periods of time. Therefore, it is unclear what the
transfusion threshold should be in these cases. Blood loss is increased with increased number



of levels of instrumentation, redo spine operations, and certain diseases (e.g., Charcot joints,
infection, and non-embolized tumors).

Edema formation around the optic nerve is another proposed etiologic factor. One of the
leading theories about ION associated with surgery in the prone position is the development
of a compartment syndrome caused by edema formation at either the lamina cribrosa or optic
canal. This theory has led to speculation that perhaps colloids should be used over
crystalloids in an attempt to reduce edema formation. The role of pharmacological
interventions to elevate the blood pressure such as phenylephrine has also been proposed as a
possible contributory factor since the ophthalmic and ciliary arteries which supply the optic
nerve have alpha-1 receptors.'? Unfortunately, the inability to study the blood flow to the
posterior optic nerve in humans makes in vivo data on drug effects impossible to study
currently.

The occurrence of this complication in children (3 pediatric cases in the ASA
Postoperative Visual Loss Registry associated with the prone position), and in relatively
healthy young adults suggests that this particular ophthalmologic lesion in these procedures
is brought about by “normal™ physiologic changes, rather than a result of disease-induced
changes such as atherosclerosis. Moreover, the etiology appears to be multi-factorial because
there are many 1ON case reports which lack hypotension, anemia, operative time > 5 hours,
or use of vasopressors. Patient-specific factors that are not readily detectable such as
anatomnic and physiologic variations in the optic nerve blood supply are also likely to
contribute to ION. These inter-patient differences may account for similar anesthetic
management in patients resulting in different outcomes.

Potential Preventative Measures

Unfortunately, definitive preventative measures for ION associated with spine surgery in the
prone position cannot be put forth without having RCTs. Therefore, the following
interventions that have been suggested are merely speculative, and their risk:benefit ratio is

unknown.

Intervention Benefit Potential Harm

].Elevating head Improved venous drainage. Increased venous pressure
and potentially increased
bleeding at low thoraco-
lumbar operative site; may
decrease MAP which may
require increased fluids or
vasoactive agents.

2.Keep head neutral Improved venous drainage. None.

3.Avoid constrictive ties Improved venous drainage. None.
around neck

4.Increased colloid Potentially decreased edema. Increased expense.



5.Maintenance of MAP  Improved perfusion pressure - Potentially increased volume
within 20% of baseline of optic nerve. administration and / or use of
vasoactive agents.

6.Anti-fibrinolytics Decreased blood loss. Unknown effect on optic
nerve vasculature / blood
flow; increased expense.

7.Staging Procedure Decreased time in prone Increased length of hospital
position. stay; potential for increased
risk of infection

*Not recommended

Restrict fluids* Decreased edema of head. Many: hypotension which
may lead to decreased
perfusion pressure of optic
nerve; inadequate tissue
perfusion; metabolic acidosis;
rhabdomyolysis; ATN;
tachycardia with increased
myocardial demand.

Medico-legal Issues

Many patients who develop perioperative visual loss file claims against the
anesthesiologist and / or surgeon. Not only is this perioperative complication frequently
disabling, but it is difficult for the lay person to understand how their vision can be damaged
when the operation was on their back. Physician negligence is frequently their initial
conclusion. In fact, for many years, most surgeons, anesthesiologists, and ophthalmologists
believed that all injuries to the visual system after spine surgery in the prone position were
caused by external compression of the globe.

The major aspects of anesthetic management that plaintiffs’ lawyers tend to focus on are:
1) Lack of documentation of frequent eye checks, even if the diagnosis is ION. (Pressute on
the globe is the most simple explanation for a jury to believe.) 2) Inadequate blood pressure
maintenance, particularly when deliberate hypotension was used. 3) Anemia, hematocrit <
30%. 4) Lack of informed consent regarding the risks of visual loss. Though these issues
make defense of cases more difficult, successful defense verdicts have been obtained in the
presence of these issues."
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Head Injury in Adults

Martin Smith, M.D.,
Director of Neurosurgical Critical Care
The National Hospital for Neurology and Neurosurgery, University College London, Queen
Square, London, UK

The Case

A twenty four year old male involved in a road traffic accident was unconscious at the scene. He
was intubated and ventilated prior to transfer to the emergency department where a cranial CT
scan revealed an acute subdural hematoma. Secondary survey confirmed that there were no
other significant injuries. The patient underwent craniotomy for evacuation of the hematoma and
was transferred to the neurosurgical ICU for postoperative monitoring and management. Over
the next few days he developed intracranial hypertension and severe respiratory and
cardiovascular instability.

Objectives:

After discussing this case, the participants will:

1. Understand the important issues during resuscitation of a patient with a severe traumatic brain
injury.

2. Be aware of the monitoring techniques that may assist clinicians in managing patients with
severe traumatic brain injury on the ICU.

3. Understand the causes of elevated intracranial pressure in a patient following evacuation of an
intracranial hematoma and be aware of the treatment options.

4. Understand the relative merits of cerebral perfusion and intracranial pressure guided therapy
and be aware of the potential disadvantages of each.

5. Be aware of the potential causes of systemic complications after severe traumatic brain injury
and understand the potential management challenges.

Resuscitation

Resuscitation after traumatic brain injury (TBI) should begin in the pre-hospital phase and is a
key stage at which mortality and morbidity can be influenced. The primary goal of management
is the prevention, recognition and treatment of conditions known to cause secondary brain injury,
including identification and evacuation of surgically remedial compressive lesions and prevention
of secondary systemic insults. The importance of cardiopulmonary stabilization cannot be
overemphasized because the risk of secondary brain injury begins and continues from the
moment of trauma. Consensus guidelines for the management of TBI have been issued [1,2).

Because of the well-established association between hypoxemia and worsened outcome after
severe TBI, all patients should be intubated to allow controlled ventilation. During intubation the
cervical spine must be protected with manual in-line immobilization because of the associated
risk of cervical injury. Oral endotracheal intubation should be carried out following
administration of an intravenous anaesthetic agent (thiopental, propofol or etomidate are
appropriate choices), in a dose caiculated to minimize the intracranial pressure (ICP) response to
laryngoscopy whilst maintaining cardiovascular stability. A full stomach should be assumed and
a rapid sequence induction is mandatory with placement of an oro-gastric tube post-intubation to
decompress the stomach and prevent acute gastric dilatation. The use of succinylcholine in TBI



remains controversial, although the benefits of rapid and full relaxation to facilitate expeditious
airway control are likely to outweigh the potential disadvantages of a small and transient increase
in ICP. Once the airway has been secured, mechanical ventilation should be commenced to
maintain PaO;> 13.5 kPa and PaCQ» between 4.0 - 4.5 kPa. Hypotension should be rapidly
treated with volume replacement to maintain mean arterial blood pressure > 90mmHg [3].
Standard resuscitation fluids include iso-osmolar crystalloid and/or colloid solutions and blood
products. The superiority of colloid or crystalloid for fluid replacement has not been resolved,
although there is no advantage of one fluid over another in experimental models of head injury
[4]. However, glucose containing solutions should be avoided to minimize the risk of
hyperglycemia [5]. Volume resuscitation using hypertonic saline (HS) has been associated with
lower ICP than resuscitation with crystalloid or colloid, but a clear benefit on outcome has not
yet been demonstrated in clinical studies [6]. Following adequate volume resuscitation, the
hypotensive effect of sedative agents may require additional support with modest doses of
vasopressors or inotropes. In adults, hypotension is rarely caused by closed head injury alone and
another injury site should be sought by a detailed secondary survey. Life-threatening extracranial
injuries should be treated prior to definitive neurosurgical treatment but it is sufficient simply to
stabilize non-life threatening injuries. Intracranial hypertension is present in around 50% of
comatose head-injured patients and, prior to placement of an ICP monitor, it must be assumed
that ICP is elevated. This may be temporarily controlled in the acute phase using standard
methods such as moderate head-up position, sedation and controlled ventilation. Mannitol (0.5-
1.0 g/kg) is also indicated if there are signs of herniation or other neurological deterioration.

Monitoring on the ICU

The aim of the intensive care management of head-injured patients is to anticipate, prevent and
treat secondary physiological insults. Specialist neurocritical care, with ICP and cerebral
perfusion pressure (CPP) guided therapy as part of a multi-faceted strategy of neuroprotection, is
likely to improve outcome after TBI [7].

The measurement of [CP is the cornerstone of modern neurocritical care and the indications for
ICP monitoring after TB1 are well established [8]. ICP monitoring allows measurement of CPP
and detection of abnormal ICP waveforms that occur due to phasic increases in ICP triggered by
cerebral vasodilatation in response to a reduction in CPP. Transcranial Doppler ultrasonography
(TCD) measures blood flow velocity in the middle cerebral artery and may be used to assess
cerebral autoregulation and provide a non-invasive assessment of CPP [9].

Because knowledge of actual CPP does not confirm its adequacy in a particular patient, the
simultaneous measurement of cerebral oxygenation is valuable in the management of patients
with severe TBI. Regional and global changes in cerebral hemodynamics and oxygenation occur
frequently after head injury and often go undetected by standard monitoring techniques [10].
Positron emission tomography and magnetic resonance imaging/spectroscopy offer ‘gold
standard’ measurement of both focal and global ischemic burdens but are not available routinely
in many units. Furthermore, they are neither continuous nor bedside techniques. Jugular venous
oxygen saturation (§jO2) monitoring is a bedside measure of the balance between cerebral
oxygen supply and demand and may be used to guide therapy. Jugular venous desaturation is a
useful indicator of inadequate CPP and SjO, < 55% is associated with worsened neurologic
outcome [11]. Because SjO; is a ‘flow-weighted’ global measure, normal or supranormal values
cannot exclude regional ischemia. Brain tissue oxygen tension can be measured with miniature
sensors inserted directly into the brain. Critical reductions in brain tissue PO, have been related to



reduction in cerebral perfusion and associated with adverse outcome but brain tissue PO,
measurements are hyper-focal and the position of the probe is crucial [12]. Near infrared
spectroscopy is a continuous technique that can measure cerebral oxygenation and
hemodynamics non-invasively. The contribution of extracranial structures to NIRS measurements
is a potential difficulty but modern instrumentation using spatially resolved spectroscopy can
make absolute measurements of cerebral oxygen saturation with a high degree of sensitivity and
specificity [13]. Cerebral microdialysis is a well-established laboratory tool that is increasingly
being used as a bedside monitor to provide on-line analysis of brain extracellular fluid
biochemical markers of ischemia {14].

Individual monitoring techniques provide information about specific aspects of cerebral
physiology and well-being but all have disadvantages and most suffer from significant artifact.
Monitoring of several variables simuitaneously (multimodality monitoring) allows cross
validation between monitors, artifact rejection and greater confidence to make treatment
decisions.

Intracranial hypertension

Intracranial hypertension occurs in 50-70% of patients after evacuation of an intracranial
hematoma [15]. Surgically remedial causes of elevations in ICP should be excluded by prompt
CT scanning and include post-operative hematoma, progressive focal contusions or
hydrocephalus. Other causes of intracranial hypertension include diffuse brain swelling, seizures
or systemic complications. Although there are no ciass 1 data, several clinical studies
demonstrate that treatment of ICP > 20 mmHg reduces mortality and improves outcome {16].

Sedation is an essential part of the management of severe TBI and propofol is widely used
because its favorable pharmacological profile allows easy titration of sedation levels and rapid
wake-up. Propofol, in common with other iv anesthetic agents except ketamine, which should be
avoided, causes a dose-dependant reduction in cerebral metabolic rate, CBF and ICP. Although
the routine use of barbiturates in unselected patients does not reduce morbidity, they do have a
place in the management of refractory intracranial hypertension so long as treatment-related
hypotension is avoided {17]. Neuromuscular blocking drugs have no direct effect on ICP but may
prevent rises that are caused by coughing or straining on an endotracheal tube. Prolonged use is
associated with an increased risk of pulmonary complications and increased length of ICU stay
after TBI [18].

Hyperventilation was once the cornerstone of ICP control after TBI but empirical and excessive
hyperventilation is associated with adverse neurological outcome [19]. Moderate hyperventilation
to PaCO; < 4.0 kPa may be used to reduce elevated ICP in selected patients but should be guided
by simultaneous monitoring of cerebral oxygenation to minimize the risk of secondary ischemic
damage [20].

Moderate hypothermia (32-34°C) has been shown to ameliorate neuronal damage in animal
models of TBI and severa! small clinical studies over the last decade have also demonstrated
benefit from early and late therapeutic hypothermia [21]. However, a recent randomized multi-
center study found no difference in neurological outcomes in matched patients with severe TBI
treated within 48 hours of moderate hypothermia compared with those maintained at
normothermia but did suggest that rapid re-warming of patients who present with hypothermia
may be deleterious [22]. Despite the disappointing results of clinical outcome studies, moderate



hypothermia remains an effective adjunct to controlling elevated ICP. Pyrexia worsens injury in
experimental models of brain trauma and fever is commeon in the neuro-ICU and an independent
predictor of poor outcome. The effect of fever control on clinical outcome has not yet been
tested, in part because conventional methods of cooling may be ineffective, but treating elevated
temperature remains an important part of TBI management on the ICU [23].

Mannitol remains the recommended pharmacologic agent for treating intracranial hypertension
but a recent Cochrane review concluded that it was beneficial only in the pre-operative
management of patients with acute intracranial hematoma with little evidence to justify its
empirical and regular use in patients with raised ICP due to diffuse brain swelling [24]. Recent
studies investigating the use of HS solutions have been promising and, in addition to the osmotic
properties, HS has hemodynamic, vasoregulatory, immunologic and neurochemical effects [6].

Drainage of CSF via an EVD is an effective means of reducing ICP and decompressive
craniectomy is becoming more widely used as another therapeutic option for refractory
intracranial hypertension.

ICP vs CPP directed therapy

Over the last decade there has been a shift of emphasis from primary control of ICP to a multi-
faceted approach of maintenance of CPP and brain protection. Maintenance of an adequate CPP,
either by a reduction ICP or an increase in mean arterial pressure, is the primary focus of
treatment after TBI, although the CPP target remains the subject of debate [25]. Aggressive fluid
replacement and cardiovascular support with vasopressors and inotropes to augment mean arterial
pressure and maintain CPP > 70 mmHg reduces mortality and improves outcome after severe
TBI [26]. Although this strategy is associated with a reduction in secondary cerebral ischemia,
the mortality and morbidity is similar to other treatment options because of the high incidence of
systemic (particularly respiratory) complications [27]. There is now a substantial body of data to
Justify a CPP target of > 60 mmHg in most cases {25], but optimal CPP should be determined
individually for each patient and situation [28]. Both ICP and CPP-directed strategies have a role
if applied appropriately and multi-modality monitoring guides tailored therapy.

Systemic complications

Acute lung injury (ALI) is common after TBI and occurs secondary to direct pulmonary injury,
aspiration injury, neurogenic pulmonary edema [29] and as a complication of treatment [27].
Pneumonia occurs in over 40% of patients and usually presents some days after injury.
Significant cardiovascular complications may alse occur and include cardiac arrhythmias,
neurogenic hypertension and myocardial ischemia. Supraventricular tachycardia, sinus
bradycardia, heart block and repolarization abnormalities, such as T-wave inversion and
alterations in the S-T segment, are common features. Myocardial ischemia occurs in about 50%
of patients after severe TBI and is likely to be related to hyperstimulation of the sympathetic
nervous system [30]. This acute, usually reversible, cardiac injury ranges from hypokinesis with
normal cardiac index to low output cardiac failure. Endocrine disturbances, related to both
anterior and posterior pituitary insufficiency, may contribute to cardiovascular instability in some
patients.

Management of systemic complications presents a significant challenge because established
ventilatory strategies for the management of ALI may be inappropriate in some brain-injured



patients. The prone position and permissive hypercapnea are both contraindicated in the presence
of intracranial hypertension and fluid restriction to reduce alveolar edema is in conflict with the
requirement to maintain cerebral perfusion. The classic teaching of no or low level positive end
expiratory pressure {PEEP) to prevent rises in ICP is no longer appropriate because ventilation
without PEEP often fails to correct hypoxemia. With adequate volume resuscitation PEEP
<10cmH,0 does not increase ICP and may in fact result in a decrease because of improved
cerebral oxygenation [31]. Hemodynamic instability is a common feature after severe TBI and
the initial hyperdynamic phase is often followed by hypotension refractory to fluid resuscitation
and catecholamine vasopressors. Such patients may respond to low-dose vasopressin infusion.
Good neurologic outcome depends upon the prevention of hypoxemia and hypotension at all
stages of management and invasive monitoring, full investigation and appropriate intervention
are required early to optimize cardiorespiratory function and minimize the risk of secondary
ischemic injury after TBI.
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L-191 Evoked Potential (MEP) Monitoring in Scoliosis Surgery
Page 1

Deborah A. Rusy, M.D. Madison, Wisconsin
OBJECTIVES

After preparing and discussing the case, the PBLD participant will:

1. Understand the basic neurcphysiologic principles of Somatosensory Evoked Potential
(SSEP) and Motor Evoked Potential (MEP) monitoring.

2. Formulate an anesthetic plan for a patient undergoing scoliosis surgery with SSEP and MEP
monitoring.

3. Understand the effects of anesthetics, physiologic changes, and neurologic injury on SSEPs
and MEPs.

4. Develop strategies to trouble-shoot and attempt to reverse adverse SSEP and MEP amplitude
and latency changes that may occur during routine scoliosis surgery.

STEM CASE - KEY QUESTIONS
A 12 year-old 50 kg male patient presents for T4-S1 Anterior Spinal Fusion/Posterior Spinal
Fusion with Instrumentation and Somatosensory Evoked Potential and Motor Evoked Potential
Monitoring.
The patient has a history of mild asthma treated with an Albuterol inhaler on a prn basis,
otherwise is in good heaith.

~What are the basic principles of Somatosensory Evoked Potential Monitoring?

-What other options for spinal cord monitoring are available?

-What are the advantages and limitations of SSEP monitoring in comparison to other types of
monitoring?

~What are the different classifications of scoliosis, and how might they affect baseline SSEP

recordings.
~What are the basic principles of Motor Evoked Potential Monitoring?
-What are the advantages and limitations of MEP monitoring in comparison to other types of

monitoring?

The anesthetic plan, SSEP and MEP monitoring, benefits and risks are discussed with the boy’s
parents prior to surgery.

-What is the justification for performing SSEP monitoring during scoliosis surgery? MEP
Monitoring?

-How well does SSEP monitoring detect an injury that may cause paralysis?

-What type of an anesthetic will you use during the case?

~-What are the effects of the different anesthetics on SSEPs?

-What are the effects of the different anesthetics on MEPs? Other pharmacological concerns

when performing MEP Monitoring?



The patient is brought to the operating room and monitors are placed. Induction and intubation
are uneventful. A second peripheral L.V. and an arterial line are placed.
SSEP monitors are placed, bilateral baseline SSEP waveforms are collected, and the latencies

and amplitudes are recorded.
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-Where are SSEP stimulating and recording electrodes placed?
-How are SSEP waveforms generated?

-What SSEP waveforms are recorded?

-What are normal SSEP waveform amplitudes and latencies?
-Where are MEP stimulating and recording electrodes placed?
-How do MEPs differ from SSEPs?
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Midway during the first part (Anterior Spinal Fusion) of the case, there is a sudden change in the
popliteal, brainstem and corticat SSEP recordings on the left.
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-What are the possible causes for these sudden changes, and how could you correct them.
-What is considered a significant change in latency and in amplitude?

The problem was quickly detected and corrected, with restoration of the baseline SSEP
waveforms. The surgeons completed the anterior spinal fusion portion of the case, all monitors
and lines except the pulse oximetry probe and a PIV were disconnected, and the patient was then
turned to the prone position on a different operating room table.

Pressure points were padded, breath sounds were equal, and monitors and lines were reattached.
Baseline SSEP recordings in the prone position were attempted, however ali tracings were flat.
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-What are the possible causes of these SSEP changes, and how could you correct them?

Again the reason for the changes was found and corrected, and baseline amplitudes and latencies
were restored. However after about 10 minutes the SSEP waveforms suddenly became very
Jagged, and difficult to read.
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-What could be the causes of this?

This artifact lasted for 15 minutes, then spontaneously resolved. Midway through the posterior
spinal fusion, again there was a change noted in the SSEP.
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-Now what do you suspect potential causes may be?

The surgeon announces that there is increased bleeding and the blood pressure has fallen to
50/20. The patient is initially very tachycardic, then begins to get bradycardic. A Hematocrit at
this time is 12. The patient is quickly resuscitated with fluids (packed red blood cells and fresh
frozen plasma), phenylephririe and epinephrine boluses. A normal hematocrit and blood pressure
are restored, and 20 minutes later, the SSEP waveform latencies and waveforms return to
insignificant changes from the baseline.

-What do you suspect happened to the MEP at the time the patient’s Hematocrit was 127

The surgeon now performs the instrumentation, and while placing a laminar wire there is again a
SSEP change. )
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-Suspected causes?

The surgeon was notified and the laminar wire was removed, however lefi cortical and brainstem
amplitudes and latencies remained significantly changed throughout the remainder of the case.
The patient awoke postoperatively with left sided lower extremity paralysis.

PROBLEM BASED LEARNING DISCUSSION
Basic Principles of Somatosensory Evoked Potential Monitoring:

Definition: Electrophysiological Responses of the nervous system to a peripheral motor or
sensory stimulus.

There are many different types of Evoked Potentials (EP’s), which are distinguished by the
various stimulus and recording methods used.

Stimulus Modality and Type:
1. Somatosensory Evoked Potentials (SSEPs)
Assesses the sensory neural axis from peripheral nerve, through the brainstem to the cortex.

Subdivided by location of stimulus:
posterior tibial nerve

median nerve

ulnar nerve

etc.

Subdivided by location of response:
cortical

brainstem

popliteal
Erb’s point



L-054

L-191
Page 7
Responses to stimuli are carried by the ipsilateral dorsai column, ipsilateral dorsal

spinocerebellar tract, and contralateral ventrolateral tracts.

Principle of Averaging:

Recording is dependent on the summation or averaging of responses to a repeated stimulus.
Averaging increases the signal-to-noise ratio, allowing one to distinguish the evoked potential
signal from background noise such as spontaneous EEG activity, ECG activity, or artifact.
Averaging relies on the principle that the electrophysiological response is time-locked to a
stimulus, while background noise occurs randomly.

General Characteristics of Evoked Potentials:

The average evoked potential is displayed as a plot of voltage over time,

Latency: the time from stimulus onset to the point of maximum amplitude of a positive or
negative peak.

Amplitude: Maximum height of a positive or negative peak.

Waveshape:

Positive or negative polarity:

Stimulus Methods: Electric shocks to a peripheral nerve delivered through surface or needie
electrodes.

Stimulus intensity: usualily set at 2.5-3.0 times the sensory threshold.

Stimulus duration: usually 200 micro-sec.

Stimulus Rate: 4-7/sec.

# responses averaged: 500-2,000.

Recording Methods: Recording electrode surface must achieve a low-impedance connection that
can not interact with skin electrolytes. Gold, tin or platinum electrodes are sufficient.
Various Electrode Types: Needle, EEG cup electrode, Adhesive patch electrodes

Electrode Placement: Upper Extremity/Cortical: C3, C4, FPz, Ground
Lower Extremity/Cortical: Cz, FPz, Ground

Other options for spinal cord monitoring:
1. Wake-up Test
2. Motor Evoked Potentials (MEPs)

Advantages and limitations of SSEP monitoring in comparison to other types of monitoring:
Advantages: Provides continuous monitoring of the sensory neurologic pathways during surgery.
Decreases the risk for possible accidental extubation, patient awareness, or embolism that may
occur with wake-up test.
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Disadvantages: Does not have perfect correlation with the motor neurologic pathways.
Expensive equipment,

Need for trained personnel to perform neurophysiologic monitoring,

Needles must be placed into the patient (invasive procedure).

Cortical recordings may be attenuated by certain anesthetics.

Classiftcations of scoliosis and their effects on baseline SSEPs

Patients with Idiopathic or congenital scoliosis generally have intact CNS pathways with easily
achievable spinal, brainstem and cortical SSEPs. In patients with scoliosis secondary to
neuromuscular disorders, hereditary degenerative neurologicat disorders or preoperative
paraplegia it may be impossible to obtain any baseline evoked potential. Patients with cerebral
palsy or static encephalopathy may have normal spinal or brainstem evoked potentials, however
unobtainable cortical waveforms. Prior to surgical incision it is essential to determine that an
easily interpreted, reproducible SSEP waveform is present that will allow accurate detection of
intraoperative somatosensory changes.

Justification for performing SSEP monitoring during scoliosis surgery:

Studies have shown that SSEP monitoring is predictive of neurologic outcome in spine surgery.
The Scoliosis

Research Society performed a muiticenter survey in 1995 in which they reviewed over 51,000
surgical spine cases. They found that patients with experienced SSEP neuromonitoring teams
had 50% fewer postoperative neurological deficits than patients with inexperienced teams,
confirming the clinical efficacy of SSEP recording during Scoliosis surgery. (Nuwer 1995 p. 6-
11). Other human studies such as Meyer et al (Meyer 1988), and Epstein et al. (Epstein 1993)
also support this conclusion.

Should the surgeon decide prior to the procedure that they will not vary from the operative plan,
despite changes seen in intraoperative SSEP recordings, there is no clinical reason to perform
intraoperative monitoring.

How well does SSEP monitoring detect an injury that may cause paralysis?

Several animal studies have shown a good correlation of simultaneous changes in both sensory
and motor pathways with mechanical cord changes from surgical manipulation.

The Scoliosis Research Society has reviewed over 51,000 human surgical spine cases with SSEP
monitoring and found that the occurrence of a motor deficit without SSEP warning (“false
negative”) was 0.63%. A SSEP change was seen in all other patients who experienced a post-
surgical neuro deficit.

Anesthetic Effects on SSEPs:

Drug Amplitude Latency

Thiopental Small/None Increased

Etomidate Increased Increased

Fentanyl Small/None Modest or No Increase
Diazepam Decreased Increased

Midazolam Decreased Increased

Ketamine Increased Increased

Propofol None Increased

Nitrous Oxide Decreased No Change
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Volatile Anesthetic Decreased Increased

Other factors effecting SSEPs:

Patient primary disease and physiologic state

Temperature

Nerve Ischemia

Hypoxia

Hypotension

Anemia

Background electrical interference (60 Hz artifact, cautery,)

Placement of SSEP stimulating and recording electrodes:
Normal waveform amplitudes and latencies:

What is significant change in latency and in amplitude?

It is generally felt that when decreases in amplitude of greater than 50%, or increases in latency
of greater than 10-15% are seen, and technical, electrical, physiologic and anesthetic causes are
ruled out, the surgeon should be immediately notified for possible consideration that spinal cord
function has been compromised due to instrumentation.

Nuwer et. al. has found that if evoked potential amplitudes were attenuated greater than 50%, the
patient had a high risk for postoperative neurological impairment. (Nuwer 1986 p.81)

Possible causes for sudden SSEP changes:
Surgical

Physiologic

Technical

Motor Evoked Potentials (MEPs)

* Responses of muscle to stimulation of the spinal cord or motor cortex (TcMEP).

» Stimulation to the cortex or cord can be electrical or magnetic.

* Responses are myogenic: achieved with recording electrodes placed over distal peripheral
muscles (mMEP), or neurogenic: from distal spinal cord or peripheral nerve (nMEP).

» High amplitude response (mV), which does not require signal averaging.

Transcranial electrical Motor Evoked Potentials (TceMEPs)

» High voltage (up to 750 volts), short duration stimulus

* Depolarization of pyramidal neurons of the motor strip leads to activation of corticospinal tract,
alpha motor neurons, peripheral nerve and muscle

» A compound muscle action potential (CMAP) is recorded.

*» Disadvantages:

— Very susceptible to anesthetic agents.

— Current can cause neuronal injury

— May see kindling or production of a self sustaining seizure focus.

Transcranial magnetic Motor Evoked Potentials (TcmMEPs)
*» A high current (approx. 4,00 amps) is discharged into a coil, which produces a magnetic field.
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» This pulsed magnetic field (1.5-2.0 tesla) is applied over the motor cortex.
» This leads to activation of cortical and subcortical neurons.

» Disadvantages:

— Good signals are very difficult to obtain in the OR

— Coil device application may be difficult.

— More suppression by anesthetics than TceMEP.

Anesthetic Effects on MEPs:

* Profound decreases in amplitude, and increases in latency seen with nitrous oxide and volatile
anesthetics.

» Little/no change seen with fentanyl and etomidate.

= New studies have suggested Propofol at 150mcg/kg/min or less produces little/no change.

Effects of Anesthetic Drugs on Motor Evoked Potentials
Drug Amplitude Latency

Thiopental Profound Decrease Profound Increase
Etomidate Little or no change Little or no change
Fentanyl Little or no change Little or no change
Diazepam Decreased Increased

Midazolam Decreased Increased

Ketamine Little or no change Little or no change

Propofo] None (<150 mcg/kg/min) None (<150 mcg/kg/min)
Nitrous Oxide Profound Decrease Profound Increase
Volatile Anesthetic Profound Decrease Profound Increase

MEP Neurogenic responses:

Recordings from spinal cord (D wave) or a peripheral nerve

Single stimulus (0.5 ms duration, intensity up to 200mamp)

D wave is resistant to anesthetics, temperature

Muscle artifact can distort the signal from a peripheral nerve

Muscle relaxants may improve the quality of the signal

Preservation of 50% amplitude of D wave is predictive of good motor outcome.

MEP Myogenic responses:

Recordings from peripheral muscle

Filters set at 10 and 5000 Hz

Stimulus is constant voltage: usually 150-500V

Multi pulse stimuli (train of 3-9)

Multi-pulse stimulation with a rate of 4.7 Hz, duration of 0.3 msec

Accumulated activity allows alpha motor neurons to reach firing threshold

Suppressed by Volatile anesthetics and Nitrous oxide

Compatible Anesthetic regimen: Propofol (up to 150 mcg/kg/min) and narcotic infusion
Neuromuscular blockade can eliminate the recordable compound muscle action potential
(Remifentanil, Fentanyl) )
Sensitivity usually between 50-200microV

No averaging needed
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Contraindications for MEPs:
Calvarial defects

Epilepsy

Implantable metal near stimulus site

Devices that may be affected by electrical stimulation:
Cardiac Pacemakers

Implanted drug pumps

Dorsal column stimulators

MEP Complications:
Electrical neural injury
Kindling.
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LEARNING SUMMARY

After preparing and discussing the case, the PBLD participant will:

1.

Understand the basic neurophysiologic principles of Somatosensory Evoked Potential
(SSEP) and Motor Evoked Potential (MEP) monitoring.

Formulate an anesthetic plan for a patient undergoing scoliosis surgery with SSEP and MEP
monitoring.

Understand the effects of anesthetics, physiologic changes, and neurologic injury on SSEPs
and MEPs.

Develop strategies to trouble-shoot and attempt to reverse adverse SSEP and MEP amplitude
and latency changes that may occur during routine scoliosis surgery.
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Julia I. Metzner, M.D. Seattle, Washington

OBJECTIVES

1) Delineate the basic principles and importance of neuromonitoring during spine surgery.
2) Discuss the impact of anesthetic drugs on the accuracy of neuromonitoring.

3) Discuss airway management options for the cervical spine patient.

4) Understand and manage acute intraoperative evoked potential changes.

STEM CASE - KEY QUESTIONS

A 64-year-old male presents with complaints of progressive loss of coordination in the lower
extremities and numbness in the fingers of both hands. Work-up identifies severe cervical
spondylotic myelopathy at the level of C4-5, as well as significant cervical stenosis at C5-6 with
cord compression. The patient is scheduled for a C4-7 anterior cervical discectomy,
instrumentation and fusion with intraoperative SSEP monitoring, His past medical history is
relevant only for HTN (BP 150/85) controlied with medication,

1. What are SSEPs, how are they generated and what do they monitor?
2. Which intraoperative SSEP changes should be considered “alarming”?
3. Does the choice of SSEP monitoring influence your anesthetic plan?

On the moming of surgery, after you have just completed your set-up, the surgeon mentions that
additional MEP monitoring is planned.

4. What are MEPs and what information do they add over SSEPs?

5. Which anesthetic technique would you choose in this situation? Is one anesthetic technique
or drug combination better than all others in facilitating MEP recording?

6. What additional information would you want before proceeding? How would you manage
the airway, if the preoperative airway evaluation revealed normal anatomy, but severe neck
pain and numbness of both hands on minimal neck extension? Does the approach to
intubation affect the extent of vertebral movement?

7. How would you monitor this patient? Would you consider BIS monitoring? Does BIS
monitoring have any specific advantages during a2 TIVA technique as compared to inhalation

agents?

After an uneventful anesthetic induction and intubation, the patient is positioned supine with his
head placed in a Mayfield head holder. Baseline SSEP and MEP recordings are obtained prior to
skin incision. Anesthesia is maintained with the technique discussed and selected during the

PBLD session.
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The procedure starts and you are on a short break when the surgeon requests you back to the
room. You are surprised to hear that during cervical muscle dissection there was a sudden loss of
the right upper and lower limb MEPs, accompanied by a decrease in the amplitudes on the left
side. The surgeon thinks that something is “wrong” with the anesthesia. The colleague that
relieved you previously, informs you that boluses of 100 mg of propofol and 100mcg of fentanyl

were given because the patient appeared to be “light” (BIS 62-66).
8. Do you agree with the surgeon? If yes, please expiain.

The waveforms return back to baseline over the next 15 minutes and surgery continues
uneventfully. Upon bone graft placement the MEP amplitudes from the right hand and foot
decrease more than 50%, followed by a decrease in SSEP amptitudes and an increase in latency.
At this point your monitors show: MAP 75mmHg, End-tidal CO2 37mmHg, SpO2 98%, T
35.7°C, BIS 48 on continuous infusion of propofoi 140 mcg/kg/min/ and remifentanil 0.3

mcg/kg/min.
9. What is the significance of these changes? What are the management options?

10. What physiologic and/or anesthetic causes should be quickly ruled out when EP changes
occur?

11. Would it be necessary to perform a wake-up test? If yes, how will you manage the
anesthetic?

The patient responded favorably to the corrective interventions. The EPs retumed to baseline
values and remained stable throughout the rest of the procedure. The patient awoke without any
neurological deficit. However, hoarseness was noted immediately after surgery that lasted over
the next days and weeks.

12. What is the most likely diagnosis of the patient’s hoarseness in this scenario?
13. Are there any known interventions to avoid this complication?

PROBLEM BASED LEARNING DISCUSSION

1t is well recognized that surgery on the spine poses a small, but significant risk of injury to the
spinal cord. The incidence of severe motor deficit after scoliosis surgery in the absence of spinal
cord monitoring has been estimated to be between 4-7%. With the introduction of multimodality
monitoring techniques using somatosensory(SSEP) and motor evoked potentials (MEP), this
number has decreased to 0.5%.[1] In a review of over 30,000 anterior cervical discectomy
procedures, Fiynn reported a 0.3% incidence of new neurologic deficits. In the presence of
advanced monitoring medalities, this figure may be reduced to 0.1%. [2] The most commonly
utilized EPs are those produced by stimulation of the sensory pathways. Somatosensory evoked
potentials (SSEPs) are the electrophysiological responses of the nervous system to electrical
stimulation. Stimulation of a sensory nerve initiates a chain of electrical events culminating in
the SSEP waveform. Typically a peripheral nerve, e.g. the posterior tibial, peroneal, ulnar or
median is electrically stimulated, and the impulse is carried through the dorsal columns to the
brainstem and the sensory cortex. The response is recorded along several sites of this pathway,
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e.g. popliteal fossa, cervical spine, sensory cortex, and after amplification, produces reproducible
waveforms that have a characteristic amplitude and latency. During surgery these characteristics
are continuously checked and compared to the baseline measurements obtained at the start of the
case. No universally accepted criteria exists for what constitutes a significant waveform change,
but decreases in amplitude of greater than 50%, or increases in latency of greater than 10%, or
both, it is generally accepted to be indicative for ongoing neurological insult and risk for

postoperative neurologic deficit.[3]

Most anesthetic agents influence in a dose-dependent manner the sensitivity and reliability of
SSEPs in predicting reversible neurologic injury. False positive responses (depressed SSEP with
no postop neurologic deficit) were found in 1/ 67 procedures.[1] There is evidence that high dose
volatile anesthetics markedly depress the SSEP waveform, therefore the use of more than |
MAC iso-, sevo, or desflurane is not recommended. [1,3,4] Nitrous oxide acts synergistically
with the halogenated agents, consequently is better to avoid it, or reduce the other volatile
anesthetics to 0.5 MAC or less. TIVA (total intravenous) techniques have minimal effect on
SSEP recordings. Combinations of propofol/opioid or midazolam/low dose ketamine/opioid has
been used successfully in many cases. Moreover many studies demonstrated that etomidate and
ketamine increase the amplitude of SSEPs and could facilitate monitoring in patients with
otherwise unrecordable waveforms.[3,4] Etomidate infusions however have been shown to cause
significant adrenal suppression and ketamine may cause psychomimetic effects at higher doses.
Neuromuscular blocking agents do not interfere with SSEP recording, in fact it has been
suggested that with the reduction of artifacts, recording can be improved.

Since ascending sensory signals are carried mainly in the posterior spinal cord, while descending
motor control is carried mainly in the anterior spinal cord, it is possible to have no detectable
change in SSEPs and still have a significant motor injury. Because of this possibility, motor
evoked potentials (MEPs) are increasingly used concomitantly with SSEPs to assess the integrity
of the neural pathways during procedures such as removal of spinal cord tumars, correction of
scoliosis, aortic aneurysm repair, and cervical spine surgery. Several MEP monitoring techniques
have been developed in the past 10 years. The method most commonly used in the US consists
of transcranially stimulating axons of the motor cortex with high frequency electrical pulses, and
recording the compound muscle action potentials (CMAPs) at targeted muscles in the hand or
foot. The advantage of this technique is that it monitors the entire motor tract from the cortex
down to the neuromuscular junction, including the ischemia-sensitive anterior hom. The major
disadvantage is the intense inhibitory effect of many anesthetics on MEP recordings, limiting
anesthetic choices and making it difficult to choose standard warning criteria for amplitude and
latency changes.

MERP recordings are extremely inhibited by the most commonly used anesthetic drugs. Volatile
agents in doses less than 0.5 MAC may render the MEPs unrecordable. Even multi- pulse
stimulation cannot overcome this anesthetic suppression, therefore some authors recommend
excluding these agents when MEP recording is planned. Nitrous oxide appears to be less
suppressive, particularly when supplemented solely with opioids. Although some studies
reported that propofol in a dose of 75-100 meg/kg/min produces CMAP depression in a range
from 33% to 83%, many centers (including ours) achieve good MEP signals using TIVA with
propofol/opioid combination. Midazolam, and certainly ketamine, and etomidate have less effect
on MEPs, but the well known side effects limit their use in clinical practice. Although not



contraindicated, the use of neuromuscular blockade (NMB) needs careful titration and
monitoring. Most authors recommend continuous NMB infusion, titrated to correspond with one
or two twitches in a TOF.[4] In summary, maintenance of a stable anesthetic technique with low
dose propofol/opioid supplemented with low dose ketamine may provide the best results for
MEP recording.[5,6]

In addition to routine monitors, many anesthesiologists will use an arterial line for accurate MAP
control, essential in maintaining adequate spinal cord perfusion. Because no major fluid shift is
anticipated during this surgery, use of a central venous line is not needed.

During inhalational anesthesia end-tidal inhaled agent (MAC) monitoring may ensure adequate
depth of anesthesia, whereas I'V anesthetic concentration cannot be measured in rea! time. The
BIS index is an empiricaily derived measure of hypnotic drug effect on the CNS and has been
shown to reflect the anesthetic depth particularly during propofol induced hypnosis. BIS values
of 40-60 may be effective in reducing the potential of intraoperative awareness. Furthermore,
several studies and a recent meta-analysis demonstrated that judicious, BIS guided titration of
anesthetics can reduce drug overdose and facilitate early emergence, a major advantage in spine
surgery if a wake-up test would be required. [7]

Optimal airway management of the patient with severe cervical spine disease is a topic of
ongoing discussion in the literature. In general, if there is no spinal cord compression or cervical
spine instability, then no special airway techniques are indicated. In the presence of severe cord
compromise by acute or chronic conditions, the optimal intubation technique, e.g. awake vs.
asleep, conventional laryngoscopy vs. fiberoptic (FOB) scope is controversial. Crosby recently
reviewed the literature in an attempt to identify the safest techniques for airway management in
patients at risk for C-spine injury. [8] Based on studies evaluating cervical spinal motion and
different intubation characteristics with different intubation tools, he concluded: all airway
maneuvers cause some degree of cervical spine movement, the greatest motion of the intact and
also injured spine occurs at the craniocervical junction; indirect laryngoscopes, such as the
Bullard or light wand causes less motion compared with direct laryngoscopy (DL). However,
evidence supports that even with DL, these movements are minimal and unlikely to induce
neurologic injury. Therefore, use of DL with manual in-line immobilization is acceptable in
uncooperative patients, or whenever emergent airway management is necessary. Although, there
is no data that intubation with a FOB results in better neurologic outcomes, Crosby’s review
reveals that the majority of American anesthesiologists would prefer this option when intubating
elective patients at risk for cervical spine injury. Both awake intubation and intubation after
induction of general anesthesia have been used safely. Advantages of awake intubation include:
maintenance of normal muscle tone, easy access in patients wearing halo vests, and most
importantly confirmation of intact neurologic status after intubation and/or positioning.
Disadvantages are: time consuming airway topicalization, and the need of patient cooperation
throughout the procedure. In summary, no single best method exists to secure the airway in
cervical spine disease patients. Judicious planning and attention to minimize cervical spine
motion during airway maneuvers are more important to success than choice of a particular
technique.

Once loss of intraoperative EP occurs, it is important to correct any contributing factors as soon
as possible. Surgical maneuvers, such as distraction, discectomy, plate, and graft placement are
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the most common causes of surgery related alerts. It seems unlikely that abrupt changes would
occur with muscle dissection. On the other hand, there is evidence that bolus administration of
IV anesthetics can cause long-lasting (15-20 min) reduction or loss of MEP responses and should
be avoided. [5] For that reason, it should not be surprising if the depicted changes were indeed
the result of bolus dosing. There is not much data available in the literature regarding how to
deal with such cases. A good way to deepen anesthesia but avoid waveform suppression would
be to give a small dose of midazolam or ketamine, drugs not associated with MEP depression.

The loss in amplitude of more than 50% should be considered as a sign of evolving spinal cord
injury, a situation that demands prompt response before the darnage becomes permanent. (in
animal studies irreversible changes occurred in less than 10 min!). Experience and many studies
have shown that intraoperative EP changes may be the consequence of surgical trauma, spinal
cord ischemia, hypotension, anesthetic drugs, and other variables. Teamwork and
communication between surgeon, monitoring staff and anesthesiologist is essential to identify
and correct the precipitating event. If surgical and technical factors have been ruled out, it is the
anesthesiologist’s responsibility to rule out hypotension, hypothermia, low Hgb, severe
hypoxemia, and anesthetic effects as causative factors. Control of the blood pressure is critical to
maintain the perfusion pressure of the spinal cord, especially during surgical maneuvers such as
decompression or grafting. Many authors agree that reliable EPs should be recorded at MAP of
60-70mmHg. [1,5] But what to do in the situation when the MAP is over the magic 60-70
mmHg? There is no definitive answer in the literature. However recent studies showed
improvement, even reversal in amplitude depression, when BP was increased by 20-30% above
the value at which the initial changes occurred. [9] For this reason, the patient’s BP should be
increased to his pre-op values (150/85mmHg). Another option is to change the anesthetic
regimen to one less suppressive such as etomidate/opioid or ketamine/low dose propofol.
Although controversial, some centers administer steroids for spinal cord protection.

If all these interventions failed and there is no improvement in amplitudes, one should decide
whether to perform a wake-up test. The test consists of lightening the anesthetic state to a point
at which the patient can follow commands. A good method is: stop propofo! or inhalational agent
but keep remifentanil on a minimum infusion rate to avoid pain with awakening .Hold the
endotracheal tube and head securely, and be ready to reinduce anesthesia as soon as limb
movement is confirmed. With this technique awakening should occur in less than 10 min. One
recent study reported an awakening time of less than 6 min with the use of desflurane
fremifentanil regimen. [10] The wake-up test has many potential hazards, such as: recall,
accidental extubation, or loss of IV lines. Moreover, it does not pinpoint the time of onset of
neurologic injury and at best it shows that damage has occurred- not that is occurring.
Ultimately, to perform or not the wake-up test will depend on how stable the spine is and on the
comfort level of the surgical team.

At our institution we have developed a clinical protoco! for the occurrence of intraoperative EP
changes:

1) Rule out surgical factors: stop surgical maneuvers

2) Rule out technical causes (loose, dislodged electrodes); increase stimulation intensity
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3) Rule out physiologic causes: low MAP, hypoxemia, hypothermia, and anemia

MOST IMPORTANT: increase MAP 20-30% above baseline (even when normal)
4) Stop volatile agents, switch to TIVA, and consider etomidate or ketamine

5) Consider wake-up test

6) Consider steroid infusion

Hoarseness is attributable to transient vocal cord palsy, a relatively common complication
following anterior cervical spine procedures. It is speculated to be the result of intraoperative
recurrent laryngeal nerve (RLN) injury, the precise mechanism of which is debated. The most
likely explanation is pressure on the RLN by the tracheal tube following surgical retractor
placement. In his study, Apfelbaum demonstrated that deflating the cuff after retractor placement
with subsequent reinflation to just-seal pressure, reduces the incidence of transient vocal cord
palsy from 6.4% to 1.7%. [11] In most references, RLN palsy is reported as being transient with
resolution of the symptoms within weeks or months. The management is conservative and
consists in follow-up and speech therapy.
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Drug adv1sory for spme surgery w1th neuromomtormg at our mstltutlon

DRUGS SSEP MEP OBSERVATION
]iNHALATIONAL:
I IS0, SEVO, DES *<] MAC NC
Nitrous 0x1de NC NC
,INTRAVENOUS
! YES: I+ MM<
iPROPOFOL YES: I+M 150mcg/kg/min: *TIVA:
I basic component
{BARBITURATE YES: 1 YES: 1
iﬁENZODIAZEPINES PREOP PREOP
l Limited;
:ETOMIDATE YES: I+M YES: [+M adrenocortical
; supressnon
IKET AMINE YES: +M YES: +M Limited: dissociative
: - ) effect
H * i
OPIOIDS YES YES TIVA: basic
component
NMB ( RELAXANTS) YES: [+M YES:1 Short actmg drugs
ADJUVANT to
[DEXMEDETOMIDTNE TIVA : 0.2-04
mcg/kg/min

NC: non-cﬁﬁatib]é; (1) iEducti—bn; ( M ): maintenance; MAC: minimal alveolar concentration

LEARNING SUMMARY

1) Delineate the basic principles and importance of neuromonitoring during spine surgery.
2) Discuss the impact of anesthetic drugs on the accuracy of neuromonitoring.

3) Discuss airway management options for the cervical spine patient.

4) Understand and manage acute intraoperative evoked potential changes.
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Anthony N. Passannante, M.D. Chapel Hill, North Carolina
OBJECTIVES

1. Learn the indications for carotid endarterectomy in 2007

2. Learn the indications for carotid stent placement in 2007

3. Review anesthetic issues relevant to both endarterectomy and stenting
4. Discuss regional and generai anesthesia for carotid endarterectomy.

STEM CASE - KEY QUESTIONS

You are interviewing a 65-year-old man in preoperative clinic. He has hypertension, COPD (100
pack-year smoking history), non-insulin dependent diabetes, and a myocardial infarction one
year prior to admission treated with a drug-eluting stent. His past surgical history is notable for a
C6-C7 cervical fusion five years ago. He presents now with symptomatic TIA’s, a 70%
occlusion of his right internal carotid artery, and a compiete occlusion of his left intemnal carotid
artery. Physical examination reveals a 5°9” 100kg male with limited neck mobility and diffusely
decreased breath sounds, frequent bouts of coughing, but otherwise a normal physical
examination. His current medications include glyburide, hydrochlorothiazide, lovastatin,
clopidogrel, and an albuterol inhaler pm. He is scheduled to undergo carotid endarterectomy, but
he is very frightened of anesthesia. He asks you about the risks of anesthesia for this procedure,
and he asks your advice about traveling to another institution to have a carotid stent placed
instead of undergoing an open surgical procedure.

Key Questions:

1. Is further preoperative evaluation necessary?

2. Does preoperative evaluation differ for general versus regional anesthesia?

3. Is Carotid Endarterectomy (CEA) or Carotid Stenting (CAS) indicated?

4. What surgical and medical factors determine the appropriate type of revascularization
procedure (CEA vs CAS)

Are cardiovascular and neurologic outcomes different between the two procedures?
What are distal embolization protection devices and are they necessary for CAS?

(a0 et

As it turns out he has a TIA while leaving the clinic and your vascular surgeon insists that CEA
be performed the next morning. The patient has recovered from his TIA (amaurosis fujax) and he
strongly prefers general anesthesia. The surgeon strongly prefers regional anesthesia. The three
of you agree on a general anesthetic, and an arterial line is inserted before induction, revealing a
blood pressure of 165/94mmHg. Anesthesia is induced with thiopental, lidocaine, fentanyl, and
vecuronium. Blood pressure spikes to 210/117mmHg with intubation, and drops to 110/55mmHg
10 minutes after intubation. Dissection of the carotid artery proceeds without incident. The
surgeon asks you to measure a stump pressure and it is 55mmHg. Surgery proceeds without the
placement of a shunt and a patch is sewn in place after the endarterectomy. Clamp time is 45
minutes, After removal of the clamp blood pressure decreases to 90/60mmHg. He coughs
vigorously on emergence and a moderate amount of blood is noted seeping through the surgical
dressing. He is taken to recovery room where blood pressure remains in the 90°s systolic and he
complains of moderate postoperative pain.
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Key Questions {continued):

5. Isregional anesthesia safer than general anesthesia for CEA?

6. If regional anesthesia was chosen, what block would you perform?

7. Does his smoking history lead you towards regional or general anesthesia?

8. How would you manage his blood pressure if you performed general anesthesia?

9. How would you manage his blood pressure if you performed regional anesthesia?

10. What management issues frequently arise when CEA is performed under general anesthesia?

11. What management issues frequently arise when CEA is performed under regional
anesthesia?

PROBLEM BASED LEARNING DISCUSSION

The question of whether or not additional preoperative evaluation is necessary is a complicated
one. It is unlikely that additional preoperative workup would uncover a condition amenable to
intervention that would be of higher risk to this patient than his symptomatic carotid disease, and
he does not appear to have cardiovascular issues severe enough (acute coronary syndrome,
decompensated congestive heart failure, significant valvular disease, or significant arrhythmia)
to suggest that cardiology consultation/intervention is necessary before his carotid disease is
addressed. Certainly his diabetes and severe lung disease should be aggressively treated, and
proper perioperative management of his coronary disease includes perioperative sympatholysis
(he may be an individual to treat with alpha-agonists rather than beta-blockers due to his lung
disease), continuation of his statins, and probable continuation of his clopidogrel due to his drug-
eluting stent. Preoperative evaluation does not differ based on whether regional or general
anesthesia is planned.

The question regarding the type of surgical intervention that is most appropriate is one that is not
typically posed to anesthesiologists, and it is a difficult question to answer even if you are an
expert in vascular or neuroanesthesia. We are certainly obligated to be honest with our patients,
and your institution may have outstanding expertise in vascular surgery and not much in
interventional neuroradiology, or vice-versa, which would influence your response. Clinical
practice in the area of carotid artery disease is evolving extremely rapidly, and is being driven
both by both reimbursement patterns and improving clinical evidence. An added complexity in
determining best currently available therapy is the rapidity of evolution in technology available
in this area, and the slowness with which RCT (randomized controlled trial) data will emerge.
The patient in the stem has symptomatic carotid disease, and is at high surgical risk based on the
contralateral carotid occlusion, the severity of his coronary disease with the presence of a drug-
eluting stent, his limited neck mobility, and perhaps the severity of his pulmonary disease.
Clopidogrel treatment, which will be difficult to interrupt due to his active TIA’s and coronary
stent, may increase bleeding complications from CEA. Current AHA (American Heart
Association) guidelines suggest revascularization in this patient based on his recent TIA and
ipsilateral high-grade carotid stenosis. While practice patterns certainly differ, many would
suggest that in 2007 either CAS or CEA would be a reasonable choice for this patient, with many
leading towards CAS due to his anatomic and surgical risk factors. In most institutions
anesthesiology involvement in carotid artery stent placement is minimal or absent, and if stent
placement were planned this patient would most likely be taken care of by an interventional
radiologist, a vascular surgeon, or a cardiologist credentialed to place carotid stents. In this
circumstance, minimal sedation would be administered as per unit protocol, and the procedure
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would typically be performed via percutaneous access to the circulation through a femoral artery.
While hemodynamic instability has been reported during carotid stenting, usually mediated by

bradycardia, adverse outcomes from such transient instability have been infrequent.
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The surgical and medical factors that determine the most appropriate type of intervention (CEA
vs CAS) are numerous. Anatomic considerations that predict high-risk from CEA include limited
neck mobility, very high or very low carotid stenosis, previous radiation therapy or radical
surgery to the neck, prior ipsilaterai CEA, contralateral carotid occlusion, contralateral laryngeal
nerve palsy, and a tracheostomy. Medical factors which predict high risk from CEA include age
80 or older, Class LII/IV CHF, Class 1II/IV angina pectoris, left main coronary disease, need for
urgent heart surgery, LVEF 30% or less, recent MI, severe lung disease, and severe renal
disease. It would be reasonable to suggest CAS in patients with one or more of the above risk
factors, and especially in patients with both anatomic and medical issues that confer a high

degree of risk.

It is difficult to be dogmatic about outcome until more data from RCT’s are available. Data from
registries is frequently contradicted by later RCT data, and if CAS is performed on patients with
low risk lesions, adverse events should be low. The most recent widely cited data comparing
CEA with CAS is the EVA-3S non-inferiority trial from France, conducted in patients with
severe carotid stenosis, which was stopped prematurely due to increased adverse events in the
CAS group (6-month stroke and death combined 6.1% from CEA vs 11.7% from CAS). To be
fair to CAS enthusiasts, embolic protection devices were not routinely used in this study until
about halfway through the study period. The SAPPHIRE RCT results supported CAS in patients
at high risk for CEA, with composite one month M1, stroke, death rate 4.8% after CAS versus
9.8% in CEA (p=0.09). Six RCT’s are currently ongoing, and will provide additional guidance as
results are reported over the next several years. As our knowledge base improves, and equipment
continues to evolve, the indications for CAS placement may well increase, but it now appears
that this will be an evidence driven process.

Regional versus general anesthesia for CEA has stimulated much debate over the years. There is
little doubt that an awake patient is the best neurologic monitor available, but there is also little
doubt that not every patient is a suitable candidate for CEA under regional anesthesia, and that
not every surgeon enjoys performing CEA on awake patients. With an appropriate patient and a
cooperative or better surgeon, neurologic outcome may be marginally better with a regional
technique, as it allows for the placement of fewer shunts and unsurpassed neurologic monitoring.
The patient in this case has a cough and severe pulmonary disease, which will complicate
management regardless of the type of anesthetic chosen. Some patients with severe pulmonary
disease have great difficulty lying flat and still for the length of time necessary for CEA, which
would specifically complicate regional anesthesia. On the other hand regional anesthesia offers
the opportunity to perform a CEA without airway instrumentation, which certainly has the
potential for minimizing coughing. Current evidence supports utilization of a superficial cervical
plexus block to obtain adequate surgical operating conditions for CEA, as the risks of this block
are fewer than deep cervical plexus block, and operating conditions are equivalent. The question
of sedation during carotid endarterectomy is somewhat controversial. The level of sedation needs
to be light enough to permit the patient to function as an unsurpassed neurologic monitor, and
this can be accomplished with a number of different sedation techniques. Important questions to
consider when planning carotid endarterectomy under regional anesthesia include backup plans
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for airway management if the patient can no longer tolerate the procedure or if cerebral ischemia

makes the patient uncooperative, how long the procedure will last, how anxious the patient is
preoperatively, and whether or not the patient suffers from claustrophobia. Success with a
regional technique is much easier to achieve if surgery proceeds expeditiously, if the surgeons
are gentle and accustomed to working under regional anesthesia, if patient anxiety is minimal,
and if the patient does not suffer from claustrophobia. While this may seem like a long list of
preconditions, many patients are excellent candidates for regional anesthesia for CEA, and many
centers utilize regional for CEA extensively. Management issues that arise only in patients under
regional anesthesia include plans for a failed or inadequate block, how you wil! handle
anticoagulant therapy, how you will maintain patient comfort (patients often fee! hot), how you
will manage adverse reactions from sedation, and management of the rare immediate adverse
neurologic event.

Blood pressure will need to be managed regardless of the type of anesthetic administered. When
regional anesthesia is chosen the awake patient provides evidence of adequate cerebral perfusion
after carotid cross-clamping, so there may be no need for elevation of blood pressure during
clamping to increase collateral perfusion. With general anesthesia hypotension must be very
carefully avoided around the time of carotid clamping, for the reason listed above. With either
anesthetic hypertension after clamp release should be avoided, and it is usually easier to avoid
with regional anesthesia.

Overall general anesthesia is used more frequently for CEA and there is no doubt that excellent
results can be obtained with carefully performed general anesthesia. When considering GA for
CEA consideration must be paid to maintenance of hemodynamic stability (which will most
likely require some work), management of blood pressure during carotid clamping, and how the
adequacy of cerebral perfusion is going to be monitored or ensured during carotid clamping.
Surgical practice with regards to indication for carotid shunt placement varies, with many
surgeons currently utilizing some measure of adequacy of collateral perfision such as
measurement of carotid stump pressure to guide placement of shunts. If this is done reasonable
evidence supports using 40mmHg stump pressure as a threshold below which a shunt will be
inserted when general anesthesia is utilized. All modern volatile anesthetics reduce cerebral
metabolic rate, but many would chose a rapidly eliminated drug to allow early neurologic
examination. It is unlikely that the choice of general anesthetic agent would affect outcome from
CEA. When CEA is performed under GA, a wide variety of strategies can be employed to guide
assessment of the adequacy of cerebral perfusion and whether or not cerebral ischemia is
occurring. There is not enough evidence to declare a single method or strategy standard of
practice, but an understanding of the relevant issues is mandatory. It is reasonable to expect
collateral cerebral perfusion to be improved with higher stump pressures, as it is reasonable to
expect global cerebral oxygenation to be better with reassuring EEG, processed EEG, or cerebral
oximetry readings. Unfortunately, none of these techniques can reliably identify of prevent
embolic events, which are responsible for significant morbidity after CEA, and may even be
increased by some techniques to increase cerebral perfusion, such as carotid shunt placement.
Blood pressure management after removal of the carotid clamp may be problematic. There is no
longer a need to increase blood pressure to improve collateral perfusion, and increased blood
pressure may well cause increased surgical bleeding. Some patients will become franky
hypotensive, which is probably mediated by stimulation of recently uncovered carotid
baroreceptors, and it is not unheard of for an occasional patient to require phenylephrine infusion
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to maintain adequate blood pressure in the recovery room. Postoperative pain is not typically a
major problem after CEA, but superficial cervical plexus block can improve pain control and
reduce narcotic analgesic requirements, which may improve the sensitivity of early neurologic
examination. Management issues that arise only under general anesthesia inctude more frequent
interventions 1o stabilize blood pressure, airway management issues around intubation and again
around extubation, a strategy to minimize coughing and hemodynamic instability around the
time of emergence, and a strategy for cerebral perfusion during carotid clamping that does not

use an awake patient as a neurologic monitor.

CAS is a new procedure (FDA approval only granted in 2004), and expertise with CAS is
rapidly increasing, and the equipment available for CAS is improving at a rapid rate. Many of
the initial studies of CAS utilized unprotected devices which were not able to minimize the
spread of atheromatous debris created by treatment of the carotid stenosis. Experience with the
technique and the obviousness of the potential probiem has led to the development and
widespread utilization of embolic protection devices. These devices are designed to trap plaque
debris, rather than allowing it to spread into the cerebral circulation and perhaps cause an
embolic stroke. While there is no Class 1 evidence to support the use of embolic protection
devices (EPD) during CAS placement, their use makes intuitive sense, debris is usually caught in
them, and everyone is using them. EPD’s do not eliminate the possibility of embolism, they do
require the placement of a Jarger sheath, and they add complexity and can potentially lead to
stent dislodgement, but all current RCT’s involving CAS utilize EPD’s; so the forthcoming data
we have to analyze will have them as a defacto standard.

The last comment to make is that the Center for Medicare Services (CMS) has published
credentialing requirements for Institutions to meet if Medicare reimbursement is expected for the
placement of CAS. CMS will currently reimburse for CAS placement if a patient has a
symptomatic carotid stenosis (70% or greater) and is at high risk for CEA. For CAS placement in
symptomatic patients with lower grade (50-69%) stenosis, reimbursement is only available if the
patient is enrolled in an FDA approved registry or clinical trial. CMS reimbursement is not
available for CAS placement in asymptomatic patients. Since the most common indication for
carotid artery revascularization is not symptomatic TIA’s but is rather asymptomatic carotid
stenosis (this leads to 80-90% of carotid interventions) and reimbursement for CAS is restricted
by CMS for this group of patients, CEA will be around for several years at least. It is likely that
aggressive treatment of atherosclerosis with statins and widespread implementation of
perioperative sympatholysis has reduced peri-procedural cardiovascular morbidity/ mortality,
leading to improved outcome overall from CEA, which will mean that CAS will have to improve
significantly to gain widespread acceptance as a treatment for those at low risk from CEA.
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LEARNING SUMMARY
Participants will become familiar with the indications for both carotid endarterectomy and
carotid stenting. Recent controversies regarding carotid stenting will be discussed. Risk factors
predictive of surgical difficulty with carotid endarterectomy will be stressed, and options for
anesthetic management will be discussed.
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OBJECTIVES

Attendees, after preparation and participation will be able to:

Understand the anesthetic considerations of transsphenoidal surgery.

Manage the unique anesthetic implications of acromegaly.

Discuss airway management options for the acromegalic patient.

Make rational decisions regarding the intraoperative monitoring and anesthetic options for
acromegalic patients undergoing surgery.

5. Manage the unique postoperative challenges afier pituitary surgery.

e

STEM CASE - KEY QUESTIONS

Your patient is a 50 year-old right-handed man who reports to your hospital’s preoperative area
for transsphenoidal resection of a growth hormone secreting pituitary adenoma macroadenoma.

Key Questions

» What is the epidemiology of pituitary tumors?

*» How can pituitary tumors be surgically approached?

» What are the common presenting complaints of acromegalic patients?
» Is surgery the only treatment option? How effective is surgery?

The patient’s past medical history is significant hypertension for which he takes enalapril. Two
years ago, the patient had a carpal tunnel release with local anesthesia and conscious sedation. In
addition, the patient underwent knee arthroscopy ten years ago under general anesthesia with no
apparent anesthetic complications. The patient works as a pulmonologist and does not smoke or
consumne alcohol. Finally, the patient, who had been an avid jogger completing his first marathon
at age 32, indicates markedly reduced endurance such that although he still jogs two miles most
mornings, he reports increased dyspnea and now stops to walk up all hills. He denies chest pain
or dyspnea at rest.

Key Questions

* Is carpal tunnel syndrome more common in acromegaly? Is this important?

* What are the cardiac manifestations of acromegaly?

* What would you expect this patient’s ECG to reveal? Echocardiogram?

* Do you feel this patient requires additional cardiac evaluation prior to surgery?

Physical examination reveals a 95 kg, 72 inch tall, aduit man with BP 162/90, pulse 78 bpm, and
respiratory rate 14 bpm. The patient presents with coarse facial features and slight frontal
bossing. The patient’s chest is clear with regular heart sounds. Neurologic exam reveals the
patient to be alert and oriented times four with intact sensation and normal motor function. The
patient has no drift or finger-to-nose dysmetria. Pupils are equally round and reactive to light.
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Visual fields are full with intact extraocular movements. Closer examination of the patient’s
airway reveals a Mallampati 11 opening and full dentition. The patient has been recently
diagnosed with obstructive sleep apnea (OSA).

Key Questions

* What changes in airway anatomy accompany acromegaly?

» Is OSA more common in acromegaly?

* Is airway management more likely to be difficult in acromegalic patients?
* How will you intubate this patient?

» If this patient were noticeably hoarse, would this alter your approach?

Afier a thorough discussion of your anesthetic plan, the patient is brought back to the operating
room and standard monitors are placed.

Key Questions

* What, if any, additional monitors should be used in this patient? Why?
» Is neurophysiologic monitoring indicated for this patient?
* How much blood loss is expected for this procedure?

After the induction of anesthesia, the patient is intubated successfully and the invasive monitors
discussed and selected above are placed without difficulty. A lumbar intrathecal catheter
(“lumbar drain™) is placed by the neurosurgeon. The patient is positioned and surgery begins.

Key Questions

* Is the patient undergoing transsphenoidal surgery at risk for venous air embolism (VAE)?
* Would you monitor for VAE? If so, how would you monitor?

* Is nitrous oxide contraindicated in this patient?

* What is the purpose of the lumbar intrathecal catheter?

Surgery continues uneventfully with minimal blood loss. The nose is packed and the head of the
bed is returned to you. The patient’s neuromuscular blockade is reversed and the patient is
breathing spontaneously.

Key Questions

* What is your plan for extubation?

* How do you plan to treat the patient’s pain? Is ketorolac contraindicated?
* Will you provide the patient with an empiric anti-emetic?

* Does vomiting pose a specific risk in this patient?

The patient is taken to the appropriate post-operative area. The patient’s pain is well controlled,
his visual fields are full, and he does not report any nausea; however, the patient has produced
1300 ml of urine over the past 3 hours and complains of extreme thirst.
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Key questions

* Is urine output of concern? If so, what are the likely causes?
* How would you determine the etiology of the diuresis?
* At what point, if any should this be treated? How?

PROBLEM BASED LEARNING DISCUSSION
What is the epidemiolegy of pituitary umors?

Patients with tumors of the pituitary gland are commonly encountered, representing
approximately 10% of diagnosed brain neoplasms. Although the overall incidence of pituitary
tumors remains stable, autopsy series suggest that as many as 20% of people may have a
pituitary tumor on post-mortem examination. Pituitary adenomas are normally found in adults
with a peak incidence during the fourth to the sixth decade of life. Tumors larger than 10 mm in
any dimension are classified as “macroadenomas” while tumors smaller than 10 mm are
classified as “microadenomas.” Pituitary adenomas may be further classified as “functioning” or
“non-functioning.” Approximately 75% of pituitary tumors are “functioning” and produce a
single, predominant hormone. In general, pituitary tumors can present in three discrete ways: 1)
hormonal hypersecretion; 2) local mass effects; or, 3) tumors may be discovered incidentally
during cranial imaging for an unrelated condition. Patients with functioning adenomas typically
present with the symptoms of anterior pituitary hormone excess.

How can pituitary tumors be surgically approached?

Neurosurgeons can approach a pituitary tumor in two discrete ways. The first method is to
perform a bifrontal craniotomy and approach the pituitary gland by following the optic nerves
down to the sella. This method allows for greater “exposure” and permits for direct observation
of the optic nerves. The second, more common approach is to approach the gland
transsphenoidally. As a bifrontal craniotomy is associated with significantly greater patient
morbidity and mortality, it is rarely utilized.

The transsphenoidal approach may be carried out using two separate techniques: endonasal and
sublabial. Pituitary tumors are most commonly approached endonasally. The subiabial
transseptal approach is only necessary in patients with extremely large tumors and in young
children where endonasal exposure may prove inadequate. Traditionally, resection has been
guided by the use of intraoperative fluoroscopy; however, computer-guided frameless stereotaxy
may also be utilized. These neuronavigational techniques may best employed when the normal
anatomy is distorted and landmarks are difficult to determine with fluoroscapy.
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What are the common presenting complaints of acromegalic patients?

Despite the multi-system nature of acromegalic disease, the most common initial complaint of
any patient with a pituitary tumor is headache. In patients with a macroadenoma, visual loss
(classically temporal or bitemporal hemianopsia) from optic nerve compression frequently
accompanies headache as an initial complaint. After patients seek medical attention and
acromegaly is eventually diagnosed, patients “retrospectively” note other complaints that were
initially thought to be unrelated (see below).

Is surgery the only treatment option? How effective is surgery?

Non-surgical options currently available include radiotherapy and medical therapy with the
dopamine agonists and somatostatin analogues. Transsphenoida! surgery is the most effective
treatment option and is the only therapy that offers a potential cure. The success of surgery is
highly dependent upon the size of the tumor and the experience of the surgeon. Surgery is
curative in 80-90% of acromegalic patients with a microadenoma and 50-60% of patients with a
macroadenoma. Radiotherapy seems most efficacious when used in combination with
transsphenoidal surgery, especially when directed at residual tumor. Medical therapy can reduce
many of the signs and symptoms of systemic disease; however, it does not offer a cure and fails
to reduce tumor size in most patients.

Is carpal tunne! syndrome more common in acromegaly? Is this important?

Carpal tunnel syndrome resulting from the soft tissue overgrowth is commonly observed. Often,
the diagnosis of carpal tunnel syndrome precedes the diagnosis of acromegaly by a year or more.
The same soft-tissue overgrowth that causes carpal tunnel syndrome may result in a reduction of
ulnar arterial flow. Indeed, blood flow through the ulnar artery may be compromised in up to
50% of acromegalic patients. In these patients, placement of a radial artery catheter may
potentially result in hand ischemia.

What are the cardiac manifestations of acromegaly?

Cardiac disease is the most important cause of morbidity and mortality in acromegalic patients.
Indeed, the most frequent cause of death in untreated acromegaly is cardiovascular with 50% of
patients dying before the age of 50. Older reviews suggest that as many of 80% of patients died
from cardiovascular complications before the age of 60. A recent series suggested that as many
as 10% of newly diagnosed patients may have overt heart failure upon initial diagnosis. The
most prominent feature of acromegalic cardiac disease is myocardial hypertrophy. Left
ventricular hypertrophy (LVH) can occur in the presence of systemic hypertension, but also
occurs in at least 50% of normotensive acromegalic patients. Overall, two-thirds of patients will
have LVH at the time of diagnosis. The prevalence of LVH increases with patient age and is
greater than 90% in elderly patients with longer disease duration.

What would you expect this patient’s ECG to reveal? Echocardiogram?

Echocardiography reveals increases in left ventricular mass, stroke volume, cardiac output, and
isovolumic relaxation time. These changes occur independently from systemic hypertension.
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EKG changes such as S-T segment depression, T-wave abnormalities, and increased QRS
voltage are typical of LVH and are frequently observed. Classically, it had been thought the
incidence of supraventricular and ventricular ectopy was not increased in resting acromegalics;
however, given the poor exercise tolerance of acromegalic patients and a lower threshold to what

may be considered “exercise,” cardiac arrhythmias are frequently observed.

Do you feel this patient requires additional cardiac evaluation prior to surgery?

There is no right or wrong answer to this question. In the opinion of the author, the patient does
not require additional cardiac evaluation. Although the patient has noted a decrease in exercise
tolerance, the patient still has excellent functional capacity. Nevertheless, many anesthesiologists
may prefer to have some information regarding the degree of cardiac disease. As a transthoracic
echocardiogram is & simple and non-invasive test, it may be a reasonable option. Medical
therapy with somatostatin should be considered in patients with severe cardiomyopathy and
significant functional limitation before surgery to reduce cardiac risk.

What changes in airway anatomy accompany acromegaly?

Hypertrophy of the facial bones, especially the mandible, and coarsening of facial features lead
to significant changes in patient appearance. Soft tissues of the nose, mouth, tongue, and lips
become thicker and help give acromegalic patients their characteristic facade. In addition to the
easily observed external changes, there is thickening of the laryngeal and pharyngeal soft tissues.
Hypertrophy of the periepiglottic folds, calcinosis of the larynx, and recurrent laryngeal nerve
injury can all contribute to airway obstruction and respiratory disease. Indeed, hypertrophy can
cause significant reduction in the size of glottic opening. Laryngeal stenosis and abnormal vocal
cord function may be present and patients may report hoarseness or changes in vocal tone,
quality, or strength.

Is obstructive sleep apnea more commen in acromegaty?

Obstructive sleep apnea (OSA) can affect up to 70% of acromegalic patients. Airway obstruction
is three-fold more common among male acromegalics than female acromegalics.

Is airway management more likely to be difficult in acromegalic patients?

Successful endotracheal intubation and management of the acromegalic airway can be extremely
difficult. As might be expected, difficult laryngoscopy and poor laryngeal view has been
associated with Mallampati class 3 and 4 airway examinations; however, 20% of acromegalic
patients assessed as Mallampati class 1 and 2 have been noted to be difficult to intubate. As
such, difficult endotracheal intubation may be unpredictable in acromegalic patients. Indeed,
routine tracheostomy had been historically advocated for management of the acromegalic
airway; however, this is rarely necessary. The anesthesiologist should approach any acromegalic
airway, regardless of anticipated difficulty, with extreme caution.
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How will you intubate this patient?

The selection of an intubation technique should always be based upon preoperative patient
airway assessment and the anesthesiologist’s ability and comfort level. Nevertheless, certain
techniques may be more or less useful in the acromegalic patient. For example, the intubating
Laryngeal Mask Airway has been associated with a low (52.6%) first-attempt success rate in
unparalyzed acromegalic patients. In addition, flexible fiberoptic laryngoscopy can be more
difficult secondary to abundant pharyngeal soft tissue. As always, awake techniques offer the
greatest margin of safety.

If this patient were noticeably hoarse, would this alter your approach?

As noted above, hoarseness may occur secondary to calcinosis of the larynx or recurrent
laryngeal nerve injury. Stenosis and calcinosis of larynx is more common and any acromegalic
patient that complains of significant hoarseness should be considered at risk. In such a patient, a
smaller than predicted endotracheal tube may be necessary.

The Parker Flex-Tip endotracheal tube is associated with higher success rates during fiberoptic
tracheal intubation compared to standard endotracheal tubes and may be particularly useful in
acromegalic patients with laryngeal stenosis.

What, if any, additional monitors should be used in this patient? Why?

The placement of invasive monitoring shouid always be based on each patient’s preoperative
assessment. In addition to standard monitors, many anesthesiologists employ invasive arterial
monitoring during transsphenoidal surgery. Acromegalics may have a significant
cardiomyopathy as noted above, and close monitoring with intraarterial catheter may be useful.
In addition, transsphenoidal surgery can be associated with significant intraoperative
hemodynamic changes. Indeed, an arterial catheter may allow for earlier diagnosis and treatment
of both hypo- and hypertension. Nevertheless, there are no data to suggest that excessive
hemodynamic instability accompanies acromegaly in the absence of specific cardiovascular
disease.

Generally speaking, central venous pressure (CVP) or pulmonary artery pressure (PAP)
monitoring is not necessary during transsphenoidal surgery. In any acromegalic patient with
cardiovascular disease significant enough to necessitate CVP or PAP monitoring, medical
therapy to abrogate cardiovascular disease should be initiated until the patient is a better
candidate for elective surgery. Shouid the patient require surgery emergently (for increased ICP,
pituitary apoplexy, etc.), it should be noted that in patients with a cardiomyopathy a pulmonary
artery catheter (PAC) may be a better monitor of left ventricular preload.

Is neurophysiologic monitoring indicated for this patient?

As opposed to a bifrontal craniotomy, the transsphenoidal approach does not allow for direct
observation of the optic nerves. As visual impairment is a feared complication of transsphenoidal
surgery, some practitioners have utilized visual evoked potential (VEP) monitoring surgery.
During VEP monitoring, goggles are placed over the patient’s eyes and a bnght flash of light
periodically stimulates the eyes. The bright flash evokes an electrical response in the occipital
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cortex. The electric response is recorded by scalp electrodes and is monitored over the course of
the procedure. As such, VEP’s continually monitor the integrity of visual pathway during
surgery. Although theoretically useful, it is extremely difficult to use VEP menitoring in
practice. VEP’s are exquisitely sensitive to the effects of anesthetic agents. Indeed, even
narcotic-induced papillary constriction can interfere with appropriate stimulation of the retina.
As there is little data to support the routine use of VEP monitoring, most pituitary centers do not

employ this technique.

Should the patient have blood available for transfusion prior to the induction of anesthesia?

Transsphenoidal surgery is normally associated with minimal blood loss; however, the pituitary
gland sits in close approximation to the carotid arteries. Indeed, arterial injury is a feared
complication of the transsphenoidal approach and is associated with significant perioperative
morbidity and mortality. In addition, growth hormone secreting tumors can be associated with
impressive dilatation of the intracranial arteries. Large bore intravenous access and the ready
availability of blood should be considered prior to the surgical incision.

Is the patient undergoing transsphenoidal surgery at risk for venous air embolism (VAE)?
Would you monitor for VAE? If so, how would you monitor?

Transsphenoidal operations are generally performed with the patient supine with some degree of
head-up position (normally 20-40 degrees). Any time the operative field is above the right
atrium, venous air embolism (VAE) is a theoretical risk. Although a 10% risk of VAE in the
semi-seated position has been reported, a clinically significant VAE associated with significant
morbidity or mortality has not been reported. At our institution, we have anesthetized nearly
5000 patients for transsphenoidal surgery and have not had a clinically significant VAE.
Consequently, routine monitoring with capnography seems adequate. Nevertheless,
echocardiography, precordial Doppler, and end-tidal N2 monitoring may be considered.

Is nitrous oxide contraindicated in this patient?

Despite the potential risk of a VAE, nitrous oxide is not contraindicated. As noted above, a
clinically significant VAE associated with significant morbidity or mortality has not been
reported.

What is the purpose of the lumbar intrathecal catheter?

A lumbar intrathecal catheter (lumbar drain) is used to assist in visualization of the tumor. The
catheter can be used to manipulate cerebrospinal fluid pressure (CSF) pressure by the injection
of saline or aspiration of CSF. In patients with large macroadenomas with significant suprasellar
extension, some pituitary surgeons will inject intrathecal air. The air serves to increase CSF
pressure and may “push” the suprasellar portion of the tumor into the operative field. The
injected air may also serve to outline a tumor, allowing for fluoroscopic visualization.
Obviously, strict asepsis should be utilized when anything is injected into the CSF. If air is
injected into the CSF, nitrous oxide should be discontinued.

What is your plan for extubation?
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All patients are at an increased risk of airway obstruction after transsphenoidal surgery and loss
of airway patentcy can be associated with obvious morbidity and mortality. To tamponade
mucosal bleeding, many neurosurgeons will leave nasal packs in place for a variable period of
time after surgery. As any patient with nasal packs in place is an obligate mouth breather, care
should be taken to assure oropharyngeal airway patentcy. In acromegaly, enlargement of the
tongue and upper airway as noted above can result in easy occlusion of the oral airway. Finally,
blood and surgical debris in the naso- and oropharynx may further serve to occlude the airway.

How do you plan to treat the patient’s pain? Is ketorolac contraindicated?

Transsphenoidal surgery is normally associated with only mild patient discomfort. Indeed, a
recent review suggests that the median consumption of morphine in the PACU was only 4 mg.
Interestingly, increased morphine requirements were associated with the appearance of post-
operative diabetes insipidus (DI) and the use of a lumbar drain or a CSF leak was associated with
a decreased need for postoperative narcotic analgesia. The use of bilateral infraorbital nerve
blocks for postoperative analgesia has been reported. Nevertheless, narcotics such as morphine
and fentanyl should be used with great care in any acromegalic with a history OSA. Ketorolac is
efficacious after transsphenoidal surgery. It is not contraindicated and has not been associated
with an increase in the incidence of bleeding.

Will you provide the patient with an empiric anti-emetic?
Does vomiting pose a specific risk in this patient?

Nausea and vomiting are very common postoperative complications in patients undergoing
neurosurgical procedures, with nearly 40% of patients reporting either complaint; however, a
recent review of the perioperative records of 877 patients undergoing transsphenoidal surgery by
the same surgeon suggest the incidence was much lower. A fier transsphenoidal surgery, the
overall incidence of postoperative emesis was 7.5%, significantly lower than most studies of
neurosurgical patients. An intraoperative CSF-leak and subsequent fat grafting, the use of lumbar
intrathecal catheter, and patients presenting for the resection of a craniopharyngiomas ail had a
significantly increased incidence of postoperative emesis (11.4%, 17.1%, and 18%,
respectively). Interestingly, antiemetic prophylaxis did not decrease the risk of vomiting overall
or in any cohort of patients; however, both droperidol and ondansetron decreased the incidence
of nausea in the PACU. Given the high risk for vomiting in patients after transsphenoidal surgery
and the detrimental effects of vomiting on ICP, routine pharmacologic prophylaxis seems
reasonable, despite its apparent lack of efficacy in retrospective review. Given the potential
effects of steroids on the hypothalamus~pituitary-adrenai axis, we tend to avoid dexamethasone
as an antiemetic.

Is urine output of concern? If so, what are the likely causes?
How would you determine the etiology of the diuresis?

A variety of factors could be responsible for polyuria after transsphenoidal surgery. Overzealous
perioperative fluid administration may result in immediate postoperative polyuria. Osmotic
diuresis, which could be due to mannitol administration, steroid administration, and
hyperglycemia, can also result in polyuria and polydipsia. Indeed, glucose intolerance or frank
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diabetes mellitus may be associated with acromegaly. Patients with acromegaly can also
demonstrate a robust physiological diuresis following successful tumor resection. Finally,
disorders of water balance resulting from perturbations in secretion of anti-diuretic hormone
(ADH) are some of the most frequently encountered acute perioperative complications of
transsphenoidal surgery. The relative or absolute deficiency of ADH results in DI,

DI is characterized by polyuria and polydipsia in the setting of dilute urine. If water excretion
exceeds intake, hypovolemia, hypotension and elevated serum osmolarity and sodium resuit,
Serum sodium and osmolarity may remain normal if intake matches output (typically the case in
awake and alert adults with intact thirst mechanisms). Diabetes insipidus is 8 common early
perioperative complication and fortunately is often transient. The overall reported incidence of
transient DI varies widely affecting 4 to 80% of patients following surgery, while permanent
diabetes insipidus is seen in 0.5 to 2%. Postsurgical DI typically manifests within 24 to 48 hours
postoperatively and should be suspected when there is a sudden onset of voluminous polyuria. If
the patient is awake and alert, thirst will accompany the polyuria. For early detection of DI, it is
recommended that urine output and specific gravity be measured routinely after pituitary
surgery. Diagnostic features of DI are hypotonic urine (< 300 mOsm or specific gravity of <
1.005) and high urine output (as much as 4-18 L/day).

At what point, if any should this be treated? How?

As the majority of patients in the post-operative period following transsphenoidal surgery are
awake and alert with intact thirst mechanisms, the development of significant volume depletion
and hyperosmolarity is relatively uncommon if patients have adequate access to fluid.
Conservative management coupled with close electrolyte and urine monitoring is the most
appropriate management strategy.

When patients are unable to keep up with their fluid requirements or unrelenting urination is
present (often interfering with sleep), specific pharmacologic treatment should be instituted.
Desmopressin acetate (DDAVP) is a synthetic analogue of ADH is the pharmacologic agent of
choice. The oral formulation is effective and should be considered first line treatment. An initial
dose of 0.1 mg DDAVP can be administered orally and usually is effective in controlling
postoperative DI. Alternatively, if patient is unable to take oral medications, Imcg of DDAVP
can be administered subcutaneously.

As noted above, DI is transient and self-limited in the overwhelming majority of cases; however,
treatment with DDA VP may result in “overshoot” hyponatremia that can be associated with
significant morbidity such as confusion and seizures. As such, it is imperative that careful
electrolyte monitoring is continued during treatment with DDA VP.
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LEARNING SUMMARY
Attendees, after preparation and participation will be able to:

Understand the anesthetic considerations of transsphenoidal surgery.

Manage the unique anesthetic implications of acromegaly.

Discuss airway management options for the acromegalic patient.

Make rational decisions regarding the intraoperative monitoring and anesthetic options for
acromegalic patients undergoing surgery.

5. Manage the unique postoperative challenges afier pituitary surgery.

R
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James R. Munis, M.D., Ph.D. Rochester, Minnesota
OBJECTIVES

To understand the preoperative considerations to address before agreeing to place a patient in the
sitting position.

To understand the mechanical pitfalls and perils associated with positioning in the sitting
position.

To understand the basic considerations of venous air embolism (VAE): its mechanism, detection,
and treatment.

To understand both the advantages and disadvantages of TEE monitoring and antecubital CVP
placement for cases in the sitting position.

STEM CASE - KEY QUESTIONS

A 36 year old woman presents with recurrent occipital headaches and new onset gait
disturbance. Imaging studies, including an MRI, reveal 2 3 cm midline mass in the cerebellum.
Subsequent MRA/MRYV and angiography reveal that the mass is an arterial-venous malformation
(AVM). Her neurosurgeon plans to resect the lesion in the sitting position.

[Preoperative Issues)

What else would you like to know about this patient before bringing her to the OR; and before
agreeing to do the case in the sitting position? What should you tell the surgeon are the pros and
cons of the sitting position from an anesthetic point of view?

Your hospital performs very few sitting cases. Who will you discuss the logistics of the case
with? What special equipment will you need for safe positioning?

The patient’s height is 160 cm, and her weight is 110 kg. She has no prior history of general
anesthesia. Her mouth opening is small, she has full dentition, including capped upper and lower
incisors, and a Mallampati III airway exam. Her neck extension is slightly limited, but she has
normal rotation and flexion. Are you worried about her airway exam? What is your plan for
managing her airway? What is your backup plan? How might your airway management
influence intracranial pressure?

Preoperative vital signs are: HR 72 (regular); BP 110/64; Resp 16; Temp 36.8° C; Room air O,
sat 94%. Heart exam reveals a regular rate and rhythm, with a 2/6 non-radiating systolic murmur
best heard at the right sternal border. Chest exam is normal. Laboratory results are unremarkable.
Hgb = 13.0 gm/d]; plt = 235,000; Na = 142 mEq/L; K =4.2 mEq/L; Cr= 1.0
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Are you worried about her cardiac exam? Would you like additional preoperative cardiac
history? If you are wotried, do you think she shouid have a preoperative echocardiogram? How

would this change your management?

If no echocardiogram or additional cardiac workup is performed, what, if anything, will you do
to rule out a PFO in the operating room?

What will you do to monitor for venous air embolism (VAE) during the case?

[Intraoperative Management]

After successful intubation, an arterial line is placed, as well as an antecubital CVP catheter.
Also, a precordial Doppler is placed after the patient is positioned upright.

What mechanical positioning issues need to be addressed and checked before allowing the
surgery to proceed?

What are the advantages and disadvantages of an antecubital CVP for this case?... of a TEE?

How can you assure proper positioning of the antecubital CVP? What are the relative
sensitivities of the different options for detecting VAE?

Where do you place the arterial pressure transducer in the sitting position? Why? How is
cerebral perfusion pressure calculated in the sitting position? Related to these questions, what is
the actual mechanism of VAE in a mechanically ventilated patient?

Should you use nitrous oxide? Why or why not? Does it depend on what type of monitoring you
have?

During the case, the patient becomes suddenly hypotensive (BP decreases from 110/72 to 74/40).
Oxygen saturation falls from 99% to 74%.

What additional information would you like? If you suspect or confirm VAE, what do you do
now?

The patient stabilizes, the surgery is completed, and the TEE probe is removed. Prior to
extubation, you notice that the tongue is slightly swollen.

Do you extubate now?

PROBLEM BASED LEARNING DISCUSSION

The sitting position provides several advantages to the neurosurgeon, including brain
decompression, drainage of blood and irrigation away from the operative site; and in select
cases, superior visual access to the operative site. It also presents several challenges to the
anesthesiologist and can be particularly frustrating if it is unfamiliar or only infrequently used.
This PBLD is aimed at the anesthesiologist who may be asked to manage sitting cases, but not
on a day-to-day basis, and who would like an interactive overview of strategies for dealing with
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the major dangers of the position. It is also aimed at more experienced neuroanesthesiologists

who are already familiar with the sitting position, but who would enjoy a dynamic exchange of
ideas about management strategies and controversies.

We start with the practical question of agreeing to do the case in this position in the first place.
Because the sitting position courts unique positioning, hemodynamic, and venous air embolism
(VAE) dangers, a frank assessment is required to ensure that appropriate OR and anesthesia
equipment are available. OR nursing and surgical staff should be prepared ahead of time to
accommodate the position with a specialized pinion head frame holder that clamps to the OR
table around the patient’s upright torso. If the patient is morbidly obese, the frame needs to be
large enough to encompass the patient without placing pressure on her arms. The OR table needs
to flex appropriately at both hips and knees. All involved OR staff (nursing, surgical, and
anesthesia) should have the same defined goal of providing a stable position without arm
compression, head movement, overflexion of the neck, or allowing “hanging” from the pinions
because of a lack of lumbar and hip support. Importantly, each of these pieces of equipment
should be checked ahead of time to ensure that they work as planned. During this initial
discussion, the participants will be pushed to take a stance that it is their responsibility to make
sure that these issues are addressed before agreeing with the surgeon do place the patient in this
position. The participants will also be asked to construct a relevant and cogent “pro-con”
discussion with the surgeon. Can the surgeon do the case in the lateral decubitus or prone
position? Does the surgeon know what special risks and logistical considerations attend the
sitting position? Is he or she willing to accommodate them?

Next, the discussion moves to the patient herself. She presents with a daunting airway exam. As
with all patients, the options for dealing with a potentially difficult airway need to be considered
and planned for ahead of time. What’s emphasized here, though, is the context of intracranial
pressure (ICP). The concept of competing concerns is addressed: the most “conservative”
management strategy for securing her airway (awake fiberoptic intubation) may not be the most
conservative strategy for her ICP (coughing and straining). The additional risks that hypercapnia
and hypoxia present to her elevated ICP are also broached. The participants are also asked to
consider the effects of prolonged mask ventilation on dead space, and consequently, on arterial
CO2 and ICP. A reasonable compromise between these competing concems is reached (1 favor
awake fiberoptic intubation with attention to airway topicalization and avoidance of over-
sedation and hypoventilation, but that is not the only reasonable choice), and a backup plan is
resolved.

The next preoperative issue is the patient’s cardiac exam. Her history is unimpressive, but she
does have a murmur, and a PFO cannot be excluded. The participants will be asked to consider a
thoughtful and efficient algorithm for addressing that concem. There is no right answer to pre-
operative echocardiogram versus intraoperative TEE to rule out a PFO. The discussion will
encompass the use of a TEE bubble-test for PFO, as well as a plan for using the information.
Given the patient’s risk of VAE, a positive PFO test should provoke a discussion with the
surgeon about alternative positions. For this case, the PFO test is negative. The participants will
be asked to consider the important difference in relative risk for VAE between this case and a
more common sitting case (cervical laminectomy).
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We then move on to decisions about intraoperative monitoring for VAE. This is properly a part
of the preoperative discussion because the relevant equipment is not readily available in most
OR’s. A nod is given to the “textbook” discussion of the relative sensitivities of various monitors
to VAE. The participants will be pushed to place that information in a more practical context,
however. For example, how much air contrast visible in the right atrium on TEE constitutes a
significant “VAE”? In spite of the sensitivity of TEE, is it realistic to expect the first detection of
VAE to be a TEE observation, rather than precordial Doppler, since the probe is not always
turned on, and the screen is not always watched? The risks of TEE placement and use are
explored, as well as the risks and benefits of antecubital CVP catheters. The participants will
also discuss whether or not an alternative central access should be employed if an antecubital

CVP is not successfully placed.

The intraoperative phase begins. Following successful awake fiberoptic intubation, an arterial
line is placed, as well as an antecubital CVP catheter and a TEE. The logistics of passing an
antecubital CVP are discussed. The bubble test is negative for PFO. Now the patient is sat up.,
Participants are asked what to check for after the final sitting position is assumed. In particular,
the dangers of overflexion of the neck and “hanging” from the pinions because of inadequate
lumbar and hip support are discussed.

A controverial question is asked: should nitrous oxide be used? The particpants are led to
consider both pros and cons of nitrous oxide (for example, the potential expansion of air emboli
versus enhancement of mass-spec detection of elevated nitrogen above a zero baseline).

We now come to another simple, but loaded question: where shou!d the arterial line transducer
be positioned? The textbook answer is at head (Circle of Willis) level. In addressing this
question, the participants are asked a related but often neglected question: what is the mechanism
of VAE in mechanically ventilated patients? ... and why does elevation of the surgical site above
the heart increase the risk of VAE? This may very well be the first time that participants have
thought about this simple mechanistic question because it has been neglected in textbooks in
favor of more familiar discussions about the detection and treatment of VAE, not its actual
mechanism, A thorough consideration of how to think about cerebral perfusion pressure in the
sitting position depends on the answer to this mechanistic question, however, because the
phenomenon of VAE suggests the operation of a siphon effect in the cerebral circulation. Only a
small amount of time is spent on this issue, but it will provoke an interesting an unusual
application of basic physics and physiology to a practical case management question.

An intraoperative event occurs. VAE is detected, and it is large enough to have hemodynamic
significance. The discussion will include the variety of VAE diagnostic signs: hypotension,
rhythm disturbances, desaturation, an abrupt fall in end-tidai CO,, the appearance of end-tidal N,
on mass-spectrometry, a mechanical sound on precordial Doppler; and finally, visual
confirmation of VAE from TEE. Now that significant VAE is detected, its management and
treatment are discussed. The surgeon is notified and places a saline-soaked packing over the
likely source of air entry; F;0, is changed to 100% O,, air is removed form the antecubital CVP,
lateral decubitus position is discussed but not employed because the patient is fixed in pinions
and still has cardiac function, hemodynamic support is given, TEE confirmation is obtained that
no air has crossed into the left heart. The episode resolves with surgical closure of the site of air
entry, and the AVM resection is completed.
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After apparent resolution of the danger, the patient is noted to have modest tongue swelling afier
removal of the TEE probe, but before extubation. A discussion is held about the risks of neck
flexion in the sitting position, and of TEE placement. The participants are pressed to consider the
timing of extubation. This is a rare but potentially serious consequence of the sitting position,
and the participants should be equipped to be vigilant for it.
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LEARNING SUMMARY
1. To understand the preoperative considerations to address before agreeing to place a patient in
the sitting position.
2. To understand the mechanical pitfalls and perils associated with positioning in the sitting
position.

3. To understand the basic considerations of venous air embolism (VAE): its mechanism,
detection, and treatment.

4. To understand both the advantages and disadvantages of TEE monitoring and antecubital
CVP placement for cases in the sitting position.
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OBJECTIVES

* Understand the pathophysiology of non-neurologic organ system failure
* Be aware of alternative therapies used in the management of critically injured patients

« List the indications and contraindications of extracorporeal support modalities following
traumatic injury.

STEM CASE - KEY QUESTIONS

A 16 year old female sustains a fall, hitting her head. At the scene of the injury she is
unresponsive with no respiratory effort. She is intubated in the field by paramedics and is
transported by helicopter to your trauma center. Her initial neurologic exam on admission shows
a Glasgow Coma Score (GCS) of 7T (EIM5V1t). She moves all four extremities equally and has
reactive pupils. Blood pressure is 126/72, heart rate 101, and O2 saturation 100% on FiO2 1.0.

KEY QUESTION #1: What are the initial management priorities in a patient with severe
(defined as GCS < 8) traumatic brain injury (TBI)?

KEY QUESTION #2: What are your goals for cerebral perfusion, CO2 and oxygenation?

Initial head computed tomography (CT) shows diffuse cerebral edema with effacement of the
third ventricie, a small left epidural hematoma and small rim subdural on the right side with
minimal amount of shift, as well as bi-frontal contusions with subarachnoid hemorrhage.
Admission chest x-ray demonstrates only left lower lobe atelectasis. The remainder of her
trauma work-up is negative. An intraventricular catheter and a cerebral oximetry monitor are
placed. Initial intracranial pressures are 8-15 mmHg and PBRO2 is 15-20 mmHg. Two hours
later the patient has sustained elevation of ICP that does not respond to medicaj therapy
(sedation, paralysis, mannitol, hypertonic saline, paCQO2 ~ 34). Repeat head CT shows increasing
size of the epidural hematoma with increasing shift. The neurosurgeons post the case for an
emergent craniotomy and evacuation of epidural hematoma.

KEY QUESTION #3: What are the intravenous access, monitoring and blood product needs for
a craniotomy following trauma?
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During emergent evacuation of her epidural hematoma, the patient becomes hemodynamically
unstable and does not respond to volume loading. ST-segment depression is noted on the
monitor; a pulmonary artery catheter is placed, with an initial cardiac index of 2.0 L/m/m?.
Norepinephrine is begun in order to maintain cerebral perfusion pressure. New onset pulmonary
edema is suggestive of congestive heart failure and serum troponins and CPK-MB fractions are
elevated. The neurosurgeons complete the case and the patient is admitted to the ICU.
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Post-operatively, ICP and cerebral perfusion pressure (CPP) normalize. Later that night the
patient has worsening oxygenation and rising CO2, She is transitioned to airway pressure release
ventilation (APRV) with minimal improvement. Emergent transesophageal echocardiography
(TEE) is performed and is significant for severe global biventricular failure with an estimated
ejection fraction of 20% and 4+ mitral regurgitation (MR). No evidence of systolic anterior
motion is present. The patient is becoming more and more difficult to ventilate. Her ICPs
continue to rise in spite of therapy.

KEY QUESTION #4: What pharmacologic treatments are effective in towering ICP following
TBI?

KEY QUESTION #5: What therapies are effective to treat hypoxia and ARDS in patients with
elevated ICP? :

On ICU day #3 she develops cyanotic digits and systemic acidosis.
KEY QUESTION #6: Could this be propofol infusion syndrome?

Elevated ICP prevents intermittent prone positioning therapy and the patient is placed on a
hydraulic “tilt-table” in the vertical position in an attempt to improve oxygenation. Any attempt
to lower the head of the bed results in severe intracranial hypertension (ICP > 40 mmHg) and
hypoxia (02 saturation ~ 30%).

A decompressive laparotomy is performed which transiently lowers her intracranial pressure
from 30 to 15 mm Hg ... but again the ICP increases. On hospital day #4, the patient is placed on
extracorporeal life support (ECLS). Veno-venous cannulation (right femoral vein and right
internal jugular vein) is performed while the patient is in a fully upright position on the tilt table.
Systemic heparinization is avoided through the use of Carmeda-coated heparin-bonded circuitry
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for the first 24 hours of therapy and thereafter activated clotting time (ACT) is maintained ~ 180
seconds. The driving pressure on the ventilator is radically reduced. Her CO2 normalizes,

followed shortly thereafier by her ICP.

KEY QUESTION #7: What are the indications and contra-indications for ECLS in patients
following trauma?

PROBLEM BASED LEARNING DISCUSSION

Neurogenic pulmonary edema (NPE) and cardiac dysfunction have been reported with
subarachnoid hemorrhage (SAH) and w1th isolated traumatic brain injury (TBI). >*'*? The
patho-physiology is poorly understood; * nevertheless, the consequences of these conditions:
hypoxia, hypotensmn and/or hypercapnia, may increase intracranial Ppressures and worsen
outcome. ® It is now recognized that patients with traumatic brain injury (TBI) develop non-
neurologic organ dysfunction and that this organ failure is associated with a worse neurologic
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The first report of a connection between intracranial hemorrhage and cardiac dysfunction was
made by Cushing in 1903. He noted alterations in blood pressure and cardiac rhythm in patients
with intracranial hemorrhage.’ With the introduction of the EKG, an abnormality, referredto as a
cerebral T waves, was described in patients with intracranial bleeding. The presence of extra-
axial blood within the cranial vault has been shown to induce arrhythmias, such as torsade de
pointes, in patients with SAH.

More recently, the direct effects of intracranial bleeding upon organ systems have been
identified. Neurogenic putmonary edema (NPE) and reversible myocardial contraction
abnormalities have been described in patients with subarachnoid hemorrhage'? and patients with
no angiographic evidence of coronary artery disease or vasospasm develop left ventricular wall
motion abnormalities. The occurrence of symptoms varies from several hours to several days
after the initial injury.

Neurogenic pulmonary edema and myocardial dysfunction have been reported in both SAH and
isolated TBI. One theory suggests NPE is related to a catecholamine surge that results in severe
systemic and pulmonary hypertension and a resultant increase in venous return. This leads to
translocation of biood from the systemic to the pulmonary circuit and favors the development of
isolated pulmonary edema In the case of TBI the catecholamine release is probably due to
hypothalamic stress. ? It is also been shown that catecholammes act directly upon the
myocardium and result in direct myocyte injury.”’ Elevated catecholamine levels decrease the
viability of myocytes through cyclic AMP-mediated calcium overload. As catecholamine levels
return to normal, cardiac recovery begins. Return of normal wall motion is seen in as many as
73% of affected patients. Another theory postulates that there is a neurally-induced increase in
capillary permeability. The resulting respiratory and cardiac failure occurs along a spectrum of
severity, with the case presented here representing the extreme. '
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Multiple organ failure (MOF) is a major cause of death in critically ill patients. Approximately
half of the patients admitted to the ICU develop MOF, and 40% of these patients die as a result
of the disease. In an observational cohort study of 209 consecutive patients with severe TBI,
89% developed dysfunction of at least one non-neurologic system. Most importantly, non-
neurologic organ dysfunction is independently associated with a worse neurologic outcome.

Therapies to support organ dysfunction may impact other organ systems. For instance,
intravascular volume therapy to support cardiovascular function can produce increased
interstitial edema and pulmonary function. Nursing patients with the head of the bed elevated to
treat intracranial hypertension limits the ability to do chest physical therapy. Development in
pulmonary dysfunction in both of these may require increased driving pressures on the
ventilator, limiting venous return and worsening cardiac function. Propofol reduces ICP and is a
reversible sedative agent but also drops blood pressure, worsening cerebral perfusion. Propofol
infusion syndrome may lead to or exacerbate myocardial failure. Each of these can produce a
self perpetuating cycle termed multiple compartment syndrome. All of these lead to organ
failure.

Extracorporeal life support (ECLS) modalities following trauma are well described both as a
rescue therapy for severe respiratory therapy as well as an adjunct to resuscitation during
hemorrhage control. ECLS has also been used as a therapy for patients in profound cardiogenic
shock following cardiac arrest. Central nervous system injury is a relative contraindication to
ECLS as it often requires systemic anticoagulation, but has been successfully performed, with
good neurologic outcome.
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LEARNING SUMMARY

» Understand the pathophysiology of non-neurologic organ system failure

» Be aware of alternative therapies used in the management of critically injured patients

« List the indications and contraindications of extracorporeal support modalities following
traumatic injury.
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OBJECTIVES
Present anesthetic plan for an adolescent who is scheduled for extensive spine surgery requiring
one lung ventilation

Be familiar with the effects of different anesthetic agents on different modalities of
intraoperative neurophysiologic monitoring

Devise a strategy for anesthetic management when the neurophysiologic signals are lost
intraoperatively

Be familiar with physiologic and potential pathologic consequences of patient positioning for
combined anterior and posterior spine surgery

Describe appropriate postoperative consultation and care for the patient with nerve injury related
to positioning during surgery.

STEM CASE - KEY QUESTIONS
A 15- yr-old female with kyphoscoliosis presented for anterior thoracic vertebrectomy, posterior
spine decompression with instrumentation fusion with autologus bone graft. Past medical history
was significant for obesity and back pain. No previous surgeries. Laboratory tests are within
normal limits .She weighs 98 kg, height 165 cm .Preoperative HR 80 bpm and BP 125/72 mm
Hg. She donated 2 units of autologous blood. Last hemoglobin 4 days before surgery was 11.2
g/dL. At the preanesthetic visit, the patient and her parents are asking you what can go wrong
during this procedure.

Key Questions

1. What risks and possible complications should be disclosed to the patient and her parents?

2. The parents are asking about options for post operative pain control. Is continuous epidural
an option? What about single shot intrathecal morphine?

3. The surgeon did not order an electrocardiogram before surgery. Would you proceed without
a base line EKG?
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4. Does this patient require any further additional studies such as echocardiogram and
pulmonary function tests?

5. Is her obesity a significant concern?

6. The surgeon indicates that the blood loss will be significant and is asking about all options
that can minimize blood loss.

7. The surgeon told the parents about using cell saver during surgery and they are asking you
not to give any homologous blood transfusion. How do you respond?

8. A new neurophysiologist is asking you not to use any inhalational anesthetic agent, nitrous

oxide or muscle relaxant because they will affect his neurophysiologic monitoring of the
patient. How do you handle this request?

9. You decide to use total intravenous anesthesia (TIVA) for anesthesia maintenance. What
anesthetic agents will you choose?

10. The neurophysiologist is asking what agents you chose for TIVA?. What are the effects of
high doses of propofol, remifentanil, morphine, and alpha 2 agonists on both SSEP and
MEP? How do you answer this question?

11. What monitors would you use intraoperatively?

12. The orthopedic surgeon is notifying you preoperatively to get prepared for an intraoperative
wake up test in addition to utilizing neuromonitoring. Does this impact your selection of
anesthetic technique? How do you prepare the patient psychologically for this test?

13. The surgeon came back and told you that he forgot to mention that the last anesthesiologist
he worked with was not able to give good lung isolation; and he is happy that he is working
with you today. What are the options for one lung ventilation in this patient?

14. Can the position of the patient be monitored throughout the case? How can you utilize the
neurophysiologist, who is asking you many questions, to help you to provide proper
positioning by monitoring nerves and plexus?

The patient is turned to prone position, one orthopedic surgeon is working on the anterior
decompression part and the other orthopedic surgeon is working simultaneously on the posterior
fusion part of the procedure. The surgeons are satisfied with an excellent access to surgical field
because of your perfect lung isolation. The estimated blood loss now is 3.5 liters. You have
replaced it with the 2 autologous units, one unit of homologous blood, 1L of 5 % albumin and
3200 ml of LR. Her blood pressure is 92/68 mm Hg and her hemoglobin is 8.7 gm/dl. The
surgeon is getting upset because of blood loss and is asking you to help him with controlled
hypotension.
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Key Questions

15. Would you agree with him? Is controlled hypotension appropriate in this setting?
16. If you do, what agents will you use to decrease blood pressure and why?

17. In spine surgery with increased difficulty with hemostasis, do you have to recheck patient
position? What would you look for?

18. You gave more blood and colloid but the patient is oliguric now. Would you give more fluids
to increase urine output?

19. What is the likely diagnosis?

Biood loss is controlled now and the surgeon started to smile again and telling jokes. After the
surgeon placed all the screws, the neurophysiologist tells you that there is moderate attenuation
of the transcranial motor evoked potential amplitude. The surgeon loosened all the screws, but
the neurophysiologist is still not happy as the motor evoked potential signal is still attenuated.

Key Questions

19. The surgeon and neurophysiologist are asking if any anesthetic agent you are using could be
the reason for this probiem?

20, What you should do once you have any problem with neuromonitoring in spine surgery?

21. The surgeon is telling you that it could be a false positive test and he wants you to do an
intraoperative wake up test.

23. Would you give steroids now or wait for the wake up test response?

You increased the mean arterial pressure and did the wake up test and patient did not have any
motor deficit and the surgeon is satisfied with the response. At the end of the procedure, the
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patient recovers but has a very swollen face. In the intensive care unit afier you signed off to the
ICU team, the patient teils that she is not able to feel her right hand and it is numb.

=
Lh

Key Questions

24. Why her face is so swollen?

25. How do you approach post operative nerve injury problem?
26. What would you tell the parents about the numbness?

27. When do you call risk management?

PROBLEM BASED LEARNING DISCUSSION

The anesthesiologist must anticipate all potential problems in anesthetizing a patient for compiex
spinal surgery and be prepared to manage all issues and complications. The use of both anterior
endoscopic release and fusion combined with posterior instrumentation and fusion continues to
evolve. Indications for the endoscopic fusion are large curve magnitude, skeletal immaturity,
and/or thoracic hyperkyphosis. Theoretically, the advantages of anterior instrumentation include
prevention of lumbar curve decompensation by shortening the convexity of the thoracic curve. In
addition, by removing the disc, better correction of thoracic hypokyphosis could be obtained.

the safety of staged vs. continuous anterior and posterior spinal fusion has been studied and the
results show that 1) a continuous procedure is faster than the staged procedure; 2) there is less
blood loss; 3) fewer days are spent in the hospital; and 4) better correction of the spinal
deformity is achieved. Also, the complications were less frequent and less severe with the
continuous procedure. It was concluded that the continuous procedure is safe and efficacious and
has several advantages over the staged procedure.

The primary aim of preoperative evaluation of patients with scoliosis is to detect the presence
and the extent of cardiac or pulmonary compromise. Respiratory reserve can be assessed by
exercise tolerance and pulmonary function tests mainly vital capacity. Cardiac studies can be
performed as indicated.

The patient and her parents should be advised about all possible complications including massive
blood loss, paralysis, peripheral nerve injury, and awareness during surgery, post operative
vision loss, prolonged postoperative intubation, deep venous thrombosis, pulmonary embolism.,
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Several recently developed analgesic techniques effectively control pain afier major orthopedic
surgery. Neuraxial analgesia provided by epidural and spinal administration of local anesthetics
and opioids provides the highest level of pain control; however, such therapy is highly invasive
and labor intensive. Although intrathecal morphine is used as an analgesic in a variety of medical
and surgical conditions, very little has been published on its use after posterior spine fusion .
Intrathecal morphine in doses of 2 and 5 pg/kg provided potent analgesia in the first 24 h after
spinal fusion in children, as evidenced by low pain scores and low additional PCA morphine
consumption. Several studies have already outlined the interest of intrathecal morphine for
postoperative analgesia after spinal surgery Because the thecal sac is readily available during
these procedures, the addition of a single injection of morphine before wound closure can be
done with technical ease if the orthopedic surgeon is willing to offer this option.Intrathecal
morphine can be safe and efficacious as an early postoperative analgesic afier lumbar fusion
when respiratory monitoring is used Clinical advantage of epidural opiate/local anesthetic
analgesia over systemic opiate by patient-controlled anaigesia for spinal fusion patients still
controversial. However, possible technical limitations (namely, the low dosage of bupivacaine
and placement of the catheter tip) may have prevented adequate delivery of anesthetic to the
involved segments. Although the incidence of side effects is similar, cost factors and a high
incidence of epidural catheter dislodgment might favor use of patient~-controlled analgesia.

Scoliosis surgery is an extensive operative procedure that is often associated with substantial
blood loss. Significant oozing may occur from large area of exposed cancellous bone, the
amount of blood loss is related to the length of time required for instrumentation. The vertebral
venous system provides channels into which blood may be delivered from the lower part of the
body if the inferior vena cava becomes obstructed in prone positior; any rise in intraabdominal
pressure is transmitted to IVC. Consequently blood is diverted into vertebral venous plexus,
causing excessive blood loss. The patient’s body must be well protected. There should be no
abdominal compression and eyes must be padded and observed frequently and recorded in the
anesthesia chart. Operative timing should be as short as possible and staging of procedures may
be considered.

Infusion of tremendous amounts of crystalloids should be avoided because in prolonged spinal
surgery, in the prone position especiaily in a degree of Trendelenberg tilt, fluids will gravitate to
dependent soft tissue in the face and around the eyes causing edema and increase venous
pressure, also the intraabdominal pressure will be increased due to intestinal wall edema that
leads to decreased urine output and again leading to engorgement of vertebral venous plexus and
excessive blood loss. Infusion of colloid is a good alternative to crystalloids. Blood replacement
should not be delayed till the end of surgery even if the patient is stable, especially if the patient
predonated, blood should be replaced as it is lost.

Moderate induced hypotension (reduction of systolic blood pressure 2¢ mm Hg from baseline or
lowering mean arterial pressure to 65 mm Hg in the normotensive patient) has been shown to
decrease blood loss and reduce transfusion requirements. However, induced hypotension is not
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without risk and has been reported to cause cord ischemia and neurologic deficit including
permanent loss of vision. Factors associated with increased risk for spinal cord injury include
intraoperative mean arterial pressure less than 60 mm Hg, rapid decrease in blood pressure and
anemia. So, invasive monitoring of blood pressure is advised to allow accurate assessment of

blood pressure and frequent sampling to test hemoglobin.

Excessive bleeding ofien occurs during pediatric scoliosis surgery and is attributed to numerous
factors; including accelerated fibrinolysis.Drugs that can modulate the coagulation cascade can
be used to decrease biood {oss during major spine surgery. These drugs include tranexamic acid,
aprotenin and aminocaproic acid. Tranexamic acid is a synthetic antifibrinolytic drug that
reduces transfusion requirements especially in patients with neuromuscular scofiosis. The
efficacy of prophylactic Tranexamic acid to reduce perioperative blood transfusion requirement
has been studied in forty patients, 9-18 yr of age, who were randomized to either tranexamic acid
(initial dose of 10 mg/kg and infusion of 1 mg. kg™ .h™' or placebo (isotonic saline). Perioperative
management was standardized with a uniform transfusion threshold for noncell saved red blood
cells at 7.0 g/dL. In another study included forty-four patients scheduled to undergo ¢lective
spinal fusion were randomly assigned to receive either 100 mg/kg tranexamic acid before
incision followed by an infusion of 10 mg /kg/hour during surgery (tranexamic acid group) or
0.9% saline {placebo group) .The total amount of blood transfused in the perioperative period
was significantly reduced in the Tranexarnic group in both studies.

Aprotinin reduces intraoperative bleeding and transfusion requirements in cardiac surgery, liver
resection and orthopedic surgery . The mechanism of this blood-sparing effect is unclear,
although a protective effect on platelet membrane binding function and the inhibition of
intraoperative fibrinolysis have been suggested

Intraoperative neurophysiologic monitoring using transcranial electric motor evoked potentials
(TceMEP) has been increasingly utilized to reduce the risk of spinal cord injury during
corrective spine surgery. Since inhalational anesthetic agents considerably depress TceMEP
amplitude in a dose dependent manner, total intravenous anesthesia (TIVA) techniques with
propofol as a central component have been advocated to optimize TceMEP monitoring during
spine surgery.

Volatile anesthetic, nitrous oxide increases the latency and decrease the amplitude of
somatosensory-evoked potentials and decrease the amplitude of motor-evoked potentials .
Because spinal cord injuries also elicit the same signal changes in SSEP and TcMEP, certain
anesthetics compromise the ability of the neurophysiologist to identify spinal cord injury.
Therefore volatile agents and nitrous oxide as well as neuromuscular blocking drugs are avoided
whenever TcMEPs are utilized
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Most commonly used anesthetic drugs produce dose related changes in the amplitude and
latency of TceMEP. As a result, TIVA has been increasingly used during intraoperative
neurophysiologic monitoring to provide adequate anesthesia with minimal interference of

neurophysiological signals.

Of the intravenous anesthetic medications, propofol has become a popular agent and as a central
component of balanced TIVA. A mild depression of TceMEP amplitude will occur with high
infusion rates propofot. The effects of opioid analgesics (remifentanil, fentanyl, sufentanil) on
SSEP and TceMEP are less than any other anesthetic agents, making opioids as important
components of TIVA for neurophysiological monitoring. Ketamine and etomidate are
unpredictable in that they can increase as well as decrease evoked potentials.
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Non anesthetic patient factors that affect intraoperative monitoring include spinal cord blood
flow, hematocrit level, minute ventilation and body temperature.

1. Decrease in mean arterial pressure below the auto regulatory threshold will decrease SSEP
and TceMEP.

2. PaCO2 less than 20 mmHg will lead to decrease in SSEP amplitude
3. Mederate systemic hypothermia will decrease amplitude and increase latency of SSEP

So the anesthesiologist must pay attention to all of these factors in case of loss or attenuation of
neurophysiologic signals.

Nerve injury associated with anesthesia is a significant source of morbidity for patients and it is a
liability for anesthesiologists. Improper anesthetic care and malpositioning have been implicated
as causative factors in the development of ulnar neuropathy. Proper positioning and intra-
operative monitoring of brachial plexus by the neurophysiologists should help to prevent and
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identify early injuries. There are no new strategies for prevention of nerve damage because the

mechanisms{s) for most injuries, particularly those of the ulnar nerve, are not apparent.

If the EMG is performed immediately after the onset of symptoms, it is possible to determine
whether or not the neuropathy was present preoperatively because the signs of denervation
resulting from acute injury appear 18-21 days after the event.

There is no reliable treatment of ulnar nerve palsy. It is difficult to predict which patient will
show significant postoperative significant postoperative improvement .Usually, treatment is
limited to physiotherapy to prevent excessive muscle atrophy while the nerve regenerates with
reappearance of motor and sensory activity.
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LEARNING SUMMARY

Present anesthetic plan for an adolescent who is scheduled for extensive spine surgery requiring
one lung ventilation.

Be familiar with the effects of different anesthetic agents on different modalities of
intraoperative neurophysiologic monitoring.

Devise a strategy for anesthetic management when the neurophysiologic signals are lost
intraoperatively.

Be familiar with physiologic and potential pathologic conseguences of patient positioning for
combined anterior and posterior spine surgery.

Describe appropriate postoperative consultation and care for the patient with nerve injury related
to positioning during surgery.
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OBJECTIVES
The participant wiil:

1

2)

3)

4)

S)

Understand the indications, contraindications, and preoperative preparation of the patient and
the medical team for awake craniotomy.

Understand the three general approaches to management of the awake craniotomy.

Understand that the patient must be deeply sedated to tolerate certain parts of the procedure,
but wide awake, yet comfortable, for the testing and resection of seizure focus.

Understand the major intraoperative difficulties that arise at some point during many of these
procedures.

Understand the medications that may not be used and those that are useful and when to give
more or less during the procedure. :

STEM CASE - KEY QUESTIONS

A 24-year-old man is scheduled for left temporal craniotomy and seizure focus excision during
sedative anesthetic. He sustained a seemingly minor blunt head injury several years ago and now
suffers seizures almost daily. The MRI shows a tiny scar-type lesion on or near his dominant
(left) motor strip. The plan is to excise this with intraoperative electrocorticography (ECoG) and
motor testing.

)

2

3)

4)

Have you ever seen or performed an awake craniotomy before? What are the indications for
such a procedure? Are the concerns the same for awake craniotomy and for deep brain
stimulators? How about trigeminal neuralgia treatments? Are there any contraindications to
such an intervention?

How do you talk to the patient and the team to prepare them all for this procedure without
frightening them?

What are your options for anesthetic management? Should the patient be awake for any
portion of the procedure? Should you secure the patient’s airway at any point in the
procedure? What medications should be utilized? Are any commonly used anesthetics
contraindicated?

What are the five most stimulating parts of the procedure? What special anesthetic
considerations are associated with each one? For example: How will you manage the pain /
sedation for the head frame application? Are you and your team prepared to go with the
patient to the MRI suite? Should you do the scalp block? How deep should the sedation be at



this point? What medications should you be using? What local anesthetics should you use?
What medications are contraindicated?

5) What are the potential neurologic, cardiovascular, respiratory or other complications
associated with an awake seizure focus excision?

PROBLEM BASED LEARNING DISCUSSION

A 24-year-old man is scheduled for left temporal craniotomy and seizure focus excision during a
sedative anesthetic. He suffered a seemingly minor blunt head injury several years ago and now
suffers almost daily seizures. He hates his medication regime and that he cannot drive or have
even an occasional drink of alcohol. The MRI / functional MRI (fMRI) shows a tiny scar type
lesion on or near his deminant (left) motor strip. The surgeon doesn’t want to disable the man, so
the plan is to excise this with intraoperative electrocorticography (ECoG) and motor testing
during a sedative anesthetic.

Have you ever seen or performed an awake craniotomy before?

In preparation for a procedure that is unfamiliar to the team, there must be conversations
which review every detail and expectation of everyone involved—in this case everyone
from the patient and neurosurgeon to the nurses, psychologists and neurologists.

This is not a procedure that should be undertaken without a large amount of preparation of the
patient, the family, and the whole perioperative management team. Everyone in the room needs
to be aware of the fact that the patient is awake and keep their conversations to a minimum and
respectable. This will facilitate communication between the neurosurgeon, the monitoring team,
the patient, the anesthesiologist, and the nursing personnel.

What are the indications for such awake intracranial procedures?

A common indication is the need for intraoperative assessment and preservation of neurologic
function when the procedure is in an eloguent area of the brain, as in temporal lobe surgery for
seizure focus excision. The other indication is the need to verify that the procedure has indeed
controlled the problem, such as the movement disorder of Parkinson’s disease. Other awake
neurosurgical procedures include tumor and AVM resections. Rarely, awake cranial procedures
are performed for chronic pain syndromes. Basically, neurosurgeons are performing more and
more invasive procedures that require patient cooperation intraoperatively. Deep brain
stimulators for patients with Parkinson’s disease, AVMs, tumors in eloquent areas of the brain,
and stimulator for pain procedures are just a few of the procedures that require a wide awake and
cooperative patient at key decision- (to resect) making points.

Are the concerns the same for deep brain stimulators as for awake craniotomy?

No. Actuaily in many centers neurosurgeons perform the deep brain stimulators without any
anesthesia personnel present. In the United States, anesthesiologists are usually present to
monitor the patient and tend to any emergencies that might arise. When performing sedation for
deep brain stimulators, one is much less limited in the choice of medications. All sorts of
interesting things can occur during these minimally invasive procedures, but they are usually
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related to the underlying disorder. The patients must refrain from taking their medications prior
to surgery for movement disorders. This so that the surgeons can be certain the abnormal

movements are controlied during the intraoperative trial of the stimulator leads.

In one case, a Parkinsonian patient was experiencing such vigorous movements and profuse
perspiration that it was difficult to carry out the procedure and monitoring. She was also being
treated for mild nausea, which she related to having her head in a fixed position when her body
was moving so much. Eventually the anesthesiologist realized the patient was experiencing
diaphoresis and hypoglycemia from all the energy expenditure! A small amount of intravenous
dextrose was given, the symptoms abated and she was able to go on with the testing. Those
procedures are amazing! Patients, wha cannot hold a cup preoperatively, can drink without
spilling when the properly positioned deep brain stimulators are activated.

A good sedative to use for these procedures is dexmedetomidine (either as an infusion or as
carefully (check heart rate before each additional dose) titrated bolus [10mcg] doses), as it
doesn’t interfere with the testing or respiratory drive, or increase secretions. Anticholinergic
pretreatment is essential to prevent bradycardia. Patients who are sedated with dexmedetomidine
are uncannily able to awaken themselves and cooperate when coached. They feel as if they’ve
had a very pleasant experience afterward.

What about trigeminal neuralgia treatments?

Sedation for these procedures is extremely difficult, because, once again, the lesion is
permanent. The patient must be absolutely lucid and cooperative and then deeply anesthetized
several times in sequence for the ablations and testing sessions. It is important to have all the x-
ray and radiofrequency ablation equipment in the room and ready to go when the patient arrives
for the procedure to decrease the commotion and the patient’s anxiety.

Are there any contraindications to awake intracranial procedures?

YES! A patient who is seizing almost continuously or is unable to cooperate or to lie still for
many hours is not a good candidate. There are cases that are ill advised to try to do under awake
conditions. The neurosurgeons, family, and neurologists all need to be realistic about what the
anesthesiologist can accomplish. We’re good, but we cannot perform this type of procedure in
someone who does not speak the same language we do.

Do you need to meet with the patient or have a conversation with the neurosurgeon
regarding this case?

You would need to set up a meeting with the neurosurgeon, the neurologist, the patient, and his
parents. At the meeting you assure the patient that he’ll be comfortable and detail what the plan
is with regard to the halo, the urinary catheter, the fines, and the monitors. In addition, you warn
him about the potential for some noise in the operating room during the procedure and that you
will be with him the entire time.

You go through the requirements for the patient during the mapping and resection. Take this
time to build rapport with the patient. If he wants to listen to special music during the procedure,
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it must be interrupted during the testing phase. Also, if you can reach the ears, ear buds or
headphones can be positioned and kept at a low volume so the surgical team is not disturbed.

£
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When the patient arrives in the holding area, what medications can you give for the
application of the head frame?

One possibility is to give small boluses of dexmedetomidine (10 mcg increments) and
remifentanil (6.25 mcg increments). These are very potent drugs and should not be given by
inexperienced personnel. The combination, if given quickly, can lead to extreme bradycardia, so
wait for the full effect of each dose before giving more. Premedication with glycopyrrolate or
atropine is necessary. Dexmedetomidine is recommended by the manufacturer to be given as an
infusion of 10 micograms per kilo over 10-15 minutes. This dose at this rate can Jead to
bradycardia and a longer period of sedation than is necessary for head frame application. In my
hands, premedication with an anticholinergic and giving tiny doses at a time and checking the
heart rate before each incremental dose prevents this. Also, if you have never administered these
medications by bolus before, this is not the situation in which to try something new.
Remifentanil and dexmedetomidine are medications that allow the anesthesiologist to
momentarily give the patient excellent analgesia and sedation for administration of the local
anesthetic and application of the frame. After a few minutes the sedation wears off and the
patient can travel to MRI or CT for mapping without fear of respiratory embarrassment during
the process. Avoid midazolam and barbiturates as this might interfere with testing during the

resection.

To decrease the pain of local anesthetic administration, you can recommend that the surgeon
warm the local anesthetic and add sodium bicarbonate (0.1 meq NaBicarb/mL of local
anesthetic). Giving local anesthetic by jet injection can further reduce pain.

What are your options for anesthetic management? Should the patient be awake for any
portion of the procedure? Should you secure the patient’s airway at any point in the
procedure? What medications should be utilized? Are there any commonly used
anesthetics that are contraindicated?

Textbooks and the literature describe “Awake-Asleep-Awake,” “Monitored Anesthetic Care”
and “Sedative Anesthetic” as options. There are many and varied combinations of medications
that have been successfully utilized in a variety of combinations for this type of anesthetic. The
list includes, but is not limited to, dexmedetomidine, propofol, fentanyl, remifentanil, and
droperidol. In general, a fairly short acting agent (propofol, remifentanil, or dexmedetomidine) is
either infused continuously or given in small frequently repeated boluses to keep the patient
comfortable, yet breathing during the most stimulating parts of the process — pinning the head,
scalp block, elevation of the temporalis muscle, drilling of the skull, and closure. It is also
advisable to have the surgeon give additional local anesthetic into the periostial attachment of
the temporalis muscle, as the scalp block does not adequately numb this.
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If the patient is quite anxious and has a good airway, you may consider securing the airway

whether it is with endotracheal intubation or one of the many supraglottic airways. Whatever you
chose to use, it should be a technique you are facile with. In addition, if you are considering the
asleep-awake-asleep technique, you must use agents that are completely reversible or quickly
eliminated to allow for awake testing after an initial deep sedation or general anesthetic phase.

Are there any special considerations as you position the table? Should the anesthesiologist
use soft restraints on the patient’s right arm to prevent him from interfering with the

surgical process?

When the patient returns from the scans and mapping, you can initiate the sedation and proceed
into the operating room. Some anesthesiologists perform the scalp block. As long as there is
excellent sedation and monitoring, this is not a problem.

The halo frame is secured to the operating room table and the patient is put in a slight head up
and right tilt position with the use of the mechanical operating room table. You rouse the patient
to be certain he is comfortable. You pad and secure his legs and tuck his left arm. The areas of
interest during the testing must be free enough to allow testing during the excision. Throughout
the process, you must rely on your rapport with the patient to sustzin much of the calming
necessary to keep him on the table.

What can you do when the patient requires more analgesia and obstructs his airway?
Should you just tell the surgeon to forget it? Should you insert an LMA?

The best thing to do is to gently perform a jaw thrust without moving the surgical field. If that
doesn’t help resolve the situation, you can try inserting a nasal airway. This is usually too
stimulating for the patient to tolerate and the patient breathes weil enough not to require it any
more. Of course, the patient may aiso move and strain during the process. Note: Some
practitioners place a nasal airway at the beginning of the sedation and leave it in place
throughout the procedure to prevent this situation. Some practitioners even topically anesthetize
the airway and leave a tube exchanger in place throughout the awake portion of the procedure to
facilitate rapid reintubation!

What can you do when the patient experiences excessive anxiety at the time of the drilling
and becomes nauseated?

Temporarily deepen the sedation carefully. Treat the nausea with antiemetics. Many
anesthesiologists give prophylactic antiemetics, such as dexamethasone and a SHT; antagonist,
at the beginning of the sedation. Again, rely on the rapport you developed with the patient.

As the neurosurgeon approaches the area of interest, the patient’s face and then his arm
begin to twitch. What’s going on? What should yon do?

This is a seizure. The neurosurgeon can irrigate the area with iced saline and interrupt it
temporarily. This also interrupts the electrocorticography temporarily, but it is reversible. If you
give intravenous anticonvulsants, you will have the effect of the medications for a long time and
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you may not be able to get adequate monitoring again. If the patient goes into a persistent seizure

you must protect the airway and administer medications to stop it.

The patient is moving his thumb and great toe at the neurosurgeon’s request intermittently during
testing. Suddenly after about 15 minutes of testing, he is unable to move his thumb. You inform
the surgeon. He mumbles and does something. Then he requests the patient move his thumb
again. It moves again.

What just happened?

The surgeon was probably stimulating an area of seizure focus that demonstrated motor function
on the fMRI. He will not resect it if it controls the dominant opposing digit.

When the patient becomes uncomfortable and complains of thirst and aches and such what
do youn do?

Depend on the rapport you developed with him earlier. Sometimes a little ice or a damp cloth on
the lips is helpful. Reassure him that the team is working as quickly as is safely possible.

What can you do to get through the final twenty minutes of mapping and resection when
the patient is becoming anxious and complaining of urinary urgency, itchiness, thirst, and
aches?

This is common and you must reassure the patient over and over.

When the procedure is truly completed, you should administer the patient’s anticonvulsant drugs
and deepen the sedation. Many anesthesiologists wait until the dura is closed to initiate
benzodiazepine therapy and anticonvulsant therapy.

If the surgeon does retumn to resect one more focus, flumazenil and naloxone will awaken the
patient, but these agents are somewhat unpredictable and you may end up with a dangerously
awake and frustrated patient who is possibly having a seizure! There is no right answer. If
possible, allow a bit of time to pass, and then when the patient is arouseable again, retest and
complete the resection.

Closing Comments

Awake intracranial procedures, which are really challenging cases for anesthesiologists, are
becoming more common. Review of the procedure and expectations with everyone invoived in
advance of operating room entry cannot be overemphasized. Likewise, building rapport with
patients is critically important. Use medications and airway management techniques with which
you are familiar and comfortable. Keep in constant communication with the patient and the
surgeon and the cases will go quite well and everyone will be satisfied. This is not a procedure
that should be undertaken without adequate preparation of the patient, the family, and the whole
perioperative management team. Prevention of perioperative problems is key to this process as it
is to all anesthetics. Many management strategies are practiced at various institutions. Use
medications and techniques that you are familiar with. The techniques described here and in the
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references should be considered as starting points from which to tailor optimal management for

individual cases.
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LEARNING SUMMARY

The participant will understand 1) patient selection, evaluation and preparation; 2) three general

approaches to anesthetic management; 3) special pharmacologic considerations; and 4) potential
intraoperative challenges associated with anesthetic care for awake craniotomy and seizure focus
excision.
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OBJECTIVES
Identify risk factors for postoperative visual problems

Be familiar with the ASA Postoperative Visual Loss Registry

Present an anesthetic plan for the patient who must undergo extensive back surgery
Devise a strategy to minimize risk of blindness

Describe appropriate postoperative consultation and care for the patient with visual loss.

STEM CASE - KEY QUESTIONS

A 56 year old bus driver is scheduled to undergo multilevel laminectomies with instrumentation,
performed jointly by a neurosurgeon and orthopedist. Results of previous back surgeries,
epidural steroid injections and many analgesics and even narcotic drug patches have been
disappointing. Repeat MRI at this time indicates severe spinal stenosis and osteophytes. He gives
a past history of heavy smoking although recently he has tried to decrease his intake. Previous
surgeries have been without anesthetic complications. Laboratory tests are within normal limits
except for a blood sugar level of 156mg/dl. He weighs 2641bs, height 5°10”. BP is recorded at
160795, heart rate 52. EKG shows non specific changes. Medications include metoprolo! and
amlodipine which he did not take today. He gives a history of recent kidney stones, treated by
lithotrypsy. He requires glasses for reading. He donated 2 units of autologous blood 10 and 3
days before surgery. Inmediately preoperatively, his Hb is 13.8g. At the preanesthetic
assessment on the day of surgery, the patient asks the anesthesiologist what, if any risks are
associated with anesthesia for this procedure

Does this patient require any further tests?

Does this level of hypertension increase risk?

What would be the optimal intraoper.ative level for blood pressure?
What are the effects of hyperglycemia?

Should this level of hyperglycemia be treated?

At what leve] of Hb should he be transfused?

Should any other risks be disclosed with the patient and family?
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Is his history of multiple drug ingestions including narcotics and steroids of importance?

Both surgeons indicate that blood may be required. The surgery is scheduled for 7-9 hours.

Does the surgical opinion impact your management?
Is his obesity of concern?

Is continuous epidural anesthesia an option?

What monitors would you select?

Would blood conservation techniques be appropriate?

The neurosurgeon wants to monitor evoked potentials; does this impact your selection of
anesthetic technique?

Afier induction of general endotracheal anesthesia, the patient is placed in a prone position. His
head is placed on a foam pillow and all attempts are made to ensure that the eyes are not
compressed. The face position is checked frequently throughout the procedure. A Wilson frame

Is used.

What types of tables are suitable?
How should the head be positioned?
How should the rest of the body be positioned?

Should the position be monitored throughout the case?

The case lasts for 9 hours.Blood loss is estimated at 3,500ml, replaced with 10 liters lactated
Ringer’s solution, 2 units of colloid, 2 units of autologous blood given between 6-7 hours,
1750ml cell saver blood returned after 7 hours, 1 unit of banked blood in the last hour and 1 liter
of normal saline. Urine output is 535ml despite bolus infusions of crystalloids. Vital signs are
fairly stable, with the blood pressure in the range of 110/80 to 95/70 thoughout the procedure.
The final Hb is 9.6g.The patient awakes promptly at the conclusion of surgery but when he is
turned his face is noted to be very swollen. In the PACU, he complains that his vision is blurred
even when he pushes his eyes open and puts his glasses on. He cannot see the clock on the wall.
The orthopedic surgeon is called and he, in turn, calls the anesthesiologist, questioning excessive
pressure on the eyes, hypotension or anemia as possible causes.
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Was the fluid replacement optimal?

Was blood pressure control appropriate?

Were the eyes adequately protected?

Why is the face swoilen?

Is the patient oliguric?

What tests, consultations and/or therapy should be done now?
What is the likely diagnosis?

PROBLEM BASED LEARNING DISCUSSION

The most common eye injury after surgery is corneal abrasion. Blindness is very rare. Older
studies have reported incidences of postoperative visual loss as approximately 1:61,000 cases.
Since these earlier reports there has been further awareness in the anesthetic community that this
devastating complication can occur after several different types of surgery: 0.11% after cardiac
surgery and 0.08% after spine surgery. The incidence may be even higher as many cases may not
be reported for medico legal reasons. Many reasons have been suggested for the increase. It may
be that with the improvement in safety of anesthesia, rare problems assume greater visibility. Or
it may be that with more aggressive surgery, procedures are longer and more complex, often
combining hypotensive techniques and performed on older patients with more co morbidities
who are at greater risk for postoperative problems. With the risk, small as it is, of disease
transmission with blood transfusion, patients and their doctors are often hesitant to use banked
blood. In the past, ophthalmologists have opined that the occurrence of visuai defects after
anesthesia is common and thus unremarkable. Also anesthesiologists have been unwilling to
come forward with descriptions of adverse outcomes for fear of litigation. Data collection to
define risk factors has been slow and difficult although several recent reviews have gone a long
way to identify common elements and define better strategies.

After identification of postoperative blindness as a major concern by practicing
anesthesiologists, the American Society of Anesthesiologists (ASA) Committee on Professional
Liability established the ASA Postoperative Visual Loss (POVL) Registry to collect detailed
information on these cases in 1999. The goal of the Registry was to identify intraoperative risk
factors and patient characteristics by analyses of all cases received. (Using models developed
through the ASA Closed Claims Project, the Committee has posted a detailed case report form
on the ASA web site with instructions for anonymous case submission
(www.asaclosedclaims.org). Completion of the reports requires access to preoperative,
intraoperative (including all anesthesia charts) and postoperative (PACU and ophthalmologic
examination) records. Although the case form is designed to be used by anesthesiologists, other
heaith care professionals are encouraged to assist). Over 100 cases have been collected (which
was the initial goal) and reported on in 2006. Additionally in 2005, the ASA appointed a task
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force of 12 members to develop a practice advisory for perioperative visual loss associated with

spine surgery

From the earliest reports it was clear that POVL was not a single entity. In a few cases, cause
could be identified, as, for example, when foreign bodies entered the eyes causing corneal
abrasions or pressure directly on the orbits had been long and excessive resulting in central
retina) arterial or venous thrombosis. Also, some cases resolved completely, and others did not,
probably due to the area of the nerve damaged and its blood supply.

Injury due to an ischemic event in the visual pathway that results in postoperative visual loss
may be associated with several causes of decreased oxygen delivery.

Classification is based on the site of injury.

Ischemic injury to the optic nerve is divided to anterior ischemic optic neuropathy (AION) and
posterior ischemic optic neuropathy (PION).In AION, optic disc swelling may be seen and in
PION, fundal examination is normal initially but disc pallor becomes apparent.

Cortical blindness results from emboli, shock, or cardiac arrest and is caused by damage to the
occipital cortex. Blindness, normal fundal examination and retention of light response are seen

Central retinal arterial occlusion occurs after embolic or thrombotic events or is associated with
excessive extraocular pressure. A characteristic “cherry red” spot is seen on the retina.

Central retinal venous occlusion is diagnosed by finding retinal hemorrhages in al! 4 quadrants,
cotton wool spots and dilated tortuous retinal veins

Posterior ischemic optic neuropathy (PION), the most likely cause in this case, presents as acute
loss of vision and is likely due to decreased oxygen delivery to the posterior part of the optic
nerve. Although AION and PION are manifestations of vascular insufficiency to the optic nerve,
they represent two subtly different pathophysiologic entities, a difference related mainly to the
very different blood supplies.

Identification of risk factors for POVL has been the subject of several recent reviews. Prone
position and long surgery are readily associated with POVL. Time honored speculation, mainly
by surgeons and ophthalmologists has identified pressure on the eyes and, intraoperative
hypotensive hypovolemia, combined with perioperative anemia as obvious risk factors. Review
of cases from the registry indicates that direct eye pressure is probably not a factor but even mild
hypotension sustained for hours may be partially causative, especially in a patient previously
documented as hypertensive. To decrease the need for replacement with banked blood,
crystalloid infusions are often given and the Hct decreased, resulting in hemodilution.
Postoperative facial swelling is usually marked. Altered ocular venous pressure may also be a
factor. Avoidance of Trendelenberg position and minimization of intravenous fluids are
appropriate steps to avoid the complication. Intraocular pressure is increased in the prone
position and thus ocular perfusion pressure decreases. Urine output is often markedly decreased
or even absent. A table frame such as the Jackson frame allows better accommodation of an
increased girth and may improve renal flow by maintaining renal perfusion pressure. Also, if
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intraabdominal pressure is maintained close to normal, pressure is not increased in epidural veins
and thus bleeding is lessened. Anatomical variation in the blood supply to the optic nerve is
undetectable to the anesthesiologist but might explain why only a few patients sustain the
complication. Or it may be that the optic head variation, combined with major shifts in fluid

balance and in blood pressure may be responsible.
The POVL Registry has identified some common findings.:

1. The cause of postoperative blindness appears to be ischemic optic neuropathy in about 90%
of cases. In only 6% (n=3) was central retinal artery occlusion diagnosed (i.e. POVL is rarely
due to pressure on the eyes).

2. The prone position places patients at risk. The incidence dramatically increases for prone
times between 5 and 9 hours. But the Committee cautions that as the Registry does not
contain denominator data of all cases in the prone position, definitive conclusions regarding
risk and duration of the prone position cannot be made.

3. Younger age does not appear to be protective as many patients are under 60 years. The high
occurrence in younger, healthier individuals suggests that intraoperative physiologic
variables such as edema formation and venous congestion in the prone position as well as
“normal” physiologic variation in ocular hemodynamics may be important etiologic factors.

4. Measurement of intraocular pressure (IOP) over time in the prone position indicates about
100% increase over 6 hours and uniform increases from baseline of 20+/- 7TmmHg to 29 +/-
9mmHg in the initial prone position to 41 +/- 10mmHg at the end of surgery. Given this
increase in IOP, decreased mean arterial blood pressure could markedly reduce ocular
perfusion pressure. Other authors have cited high blood sugar levels postoperatively and
suggest that tight control during the perioperative period is essential to increase neuronal

survival,

5. Inall cases there was considerable blood loss and replacement with large volumes of
crystalloid solutions.

Sifting through the available evidence it appears that certain patients are at risk of developing
POVL., Although presence of any single factor listed below may not place the patient at
increased risk, the combination of several circumstances should be considered as potentially
problematic. Identified factors are as follows:

1. Repeat spinal surgery and the prone position. The patient may be a chronic pain patient who
has had many previous surgeries and now presents for a potentially long procedure, which
requires extensive instrumentation. Considerable blood loss may be anticipated and the
patient may have predonated blood, thus reducing his/her hematocrit preoperatively.

2. Disc disease is often associated with smoking, obesity and sedentary life style. Obesity was
identified in many of the registry patients. Hypoxia and/or bronchospastic disease may occur
during anesthesia.



Hypertensive patients are often unstable intraoperatively and given the decrease of IOP
associated with the prone position, ocular perfusion pressure may be seriously decreased if
any period of hypotension accurs or if it is prolonged.

Diabetes and increased perioperative glucose levels have been associated with poor
neurofogic outcome as hypoxic or ischemic tissue is unable to metabolize sugar through
normal pathways and the size of infracted areas is increased. Patients undergoing spinal
surgery are often treated prophylactically with steroids to decrease edema formation, which
further increases blood glucose levels. Stress also contributes to hyperglycemia. Recent
studies have emphasized the need for tight perioperative glycemic control.

Hemodilution and predonation therapy may result in anemia. Earlier guidelines for care of
the young trauma victim suggested that blood could be replaced with crystalloid in the
amount of 1 to 3ml. However, patients for prolonged spinal surgery are usuaily not healthy.
Crystalloids stay in the circulation for about an hour before leaking to other tissues. In the
prone position, especially if there is a degree of Trendelenberg tilt, fluid will gravitate to
dependent soft tissues in the face and around the eyes causing edema and increasing venous
pressure. Excess fluid also fills the intestinal wall, further increasing intraabdominal pressure
which decreases renal output (which may intemn be treated by increased fluid boluses) and
increases bleeding from epidural venous plexuses. Current guidelines advocate replacement
of blood as necessary to maintain adequate oxygen delivery.

From the preanesthetic interview, the anesthesiologist must consider the management of a
patient for complex spinal surgery in all its aspects. The patient should be advised that there is a
risk for POVL. Several other perioperative precautions should be taken:

1.

Preanesthetic assessment should investigate any history of vascular disease or diabetes and
ensure that the patient is in optimal condition. A history of previous visual problems shouid
be sought and documented.

The patient’s body must be well protected. There should be no abdominal compression and
the eyes should be padded and observed frequently. Notation must also be made at regular
intervals on the record that the patient has been checked .Use of a Jackson frame may be
indicated as it allows the abdomen to hang free and thus is less likely to cause increased
intraabdominal pressure and decreased renal perfusion.

The head should be positioned at or above the level of the heart. If a Wilson frame is used,
flexing the spine frame, allows the legs to be lowered, thus improving gravitational blood
flow away from the operative site. However, it is important to note that there are different
sizes of Wilson frames and using one that is too small may not prevent increased
intraabdominal pressure or ensure that the head is positioned above the operative site.

Invasive monitoring of blood pressure is advised to allow accurate assessment of blood
pressure and sampling of blood sugar levels. Elevated blood sugar levels should be promptly
treated.
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10.

11.

12.

Blood pressure should be maintained at normal levels or at Jeast within around 20% of
baseline levels. Identifying a baseline value should be made on a review of previous
readings. Knowledge that the patient has been diagnosed as hypertensive for a period of time
should be taken into consideration. Antihypertensive medications may decrease blood
pressure but do not cure the underlying disease. Should hypotension occur intraoperatively,
the anesthetic depth should be reviewed and corrected if excessive. It may be necessary to
change the anesthetic technique. Blood and colloid replacement should be prompt and occur
as blood is lost. Volume status should be assessed frequently. Finally, neosynephrine may be
given in bolus or low dose infusion.

Fluid balance should be maintained. Careful measurement of fluid input and output must be
maintained (placement of a Foley catheter is necessary) and hemodilution should be
minimized.

Infusion of colloid is an alternative to multiple liters of crystalloid.

Urinary output should be maintained at about 1ml/kg/hour, using small doses of furosemide
(5-8mg) if necessary rather than resorting to large fluid challenges, especially in otherwise
healthy individuals.

Blood replacement should be timely. Frequently anesthesiologists delay replacing blood untii
the end of the case in an otherwise stable patient, reasoning that it is preferable that the
patient lose less of the high Hb replacement blood. Especially if the patient has predonated,
and recognizing that replacement will be necessary, blood should be replaced as it is lost.
Although base line and periodic Hct levels are customarily measured, red blood cell
transfusions should not be dictated by a single hemoglobin “trigger”. Also, shortly after
predonation, the Hb level may be abnormaily low.

Operative time should be kept as short as possible. Staging a procedure may be an
alternative.

Accurate charting and recording of as much intraoperative information as possible is
essential. The use of electronic record keeping is advised. Some anesthesiologists have
argued that swings in blood pressure are common intraoperatively and although there are
usually no postoperative consequences, these aberrations might only provide fodder for a
plaintiff’s lawyer. A defense expert can more easily persuade a jury that care and attention
was given to the patient if much legible information is available. However, should the blood
pressure be recorded as severely depressed for hours and no action was taken, then the
defending anesthesiologist may well experience difficuities in the face of an adverse
ouicome.

Follow up of the patient through the Postoperative Care Unit with documentation is
important. POVL may not be realized for several hours after emergence from anesthesia,
especially if the eyes are swollen shut or if the patient does not have access to his glasses or
his trachea has remained intubated Atiempts to assess vision should be made and recorded as
soon as possible. Also, if facial swelling is apparent, the patient should be placed in reverse
Trendelenberg position, diuretics given to increase urinary output and promote fluid shifts
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from the tissues, blood replaced to restore Hb to preoperative levels, normoglycemia assured

and hemodynamic and respiratory stability maintained. Appropriate consults should be
obtained

While adherence to these recommendations will decrease the risk of POVL, there remain
unanswered questions. For example, although studies have confirmed that intraocular pressure
increases approximately 100% in the prone position during prolonged operations, this
measurement alone does not predict patients who will deveiop POVL. In a study of 23 cases, all
of whom showed some increase in intraocular pressure, only one patient, who had only moderate
increases in pressure, developed POVL. Placing the head in Mayfield tongs does not alter
intraocular pressure increases or prevent POVL. It has been suggested that anatomic
abnormalities that cannot be recognized preoperatively by the anesthesiologist may be a
causative factor, especially when combined with some of the other factors identified.

The anesthesiologist must respond promptly to the consult. It is most important to accurately
record the events of the case and to avoid “finger pointing”. Other causes of visual difficulties
such as comneal abrasions or excessive residual eye ointment should be excluded. The
combination of red painful eye and visual loss may also be due to acute angle glaucoma, which
has been described after many types of non ocular surgery. The patient may or may not have a
previous history of eye disease but is usually over 50 years. Headache often accompanies the
visual loss. While some authors have recommended visual testing postoperatively for early
detection of ION, simple tests such as pupil reactivity or gross visual field testing may not be
adequate. Because in its early course, PION may be reversible, aggressive treatment is essential.
Ophthalmologic consult should be requested immediately. Therapy should be directed at
improving ocular perfusion pressure to restore and improve circulation in the short posterior
ciliary arteries. Mannitol, acetazolamide, furosemide and/or topical timolo! may be used to lower
intraocular pressure. Fluid replacement is recommended in the patient who is hypovolemic
and/or hypotensive postoperatively. Anemia should be promptly corrected. Use of pressors that
act by peripheral vasoconstriction is not indicated. Steroids have been used although no large
studies have proven their efficacy (except in cases of AION due to arteritis). Moreover, any
increase in glucose levels may further damage neural tissue. In patients with a history of
glaucoma, the pressure should be measured and appropriately controlled. In most instances,
resolution or at least improvement is to be expected. Nevertheless, the anesthesiologist is urged
to contact risk management of the hospital, be aware of all consultations and communicate with
colleagues, the patient and family.
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LEARNING SUMMARY

Tdentify risk factors for postoperative visual problems

Be familiar with the ASA Postoperative Visual Loss Registry

Present an anesthetic plan for the patient who must undergo extensive back surgery
Devise a strategy to minimize risk of blindness

Describe appropriate postoperative consultation and care for the patient with visual loss.
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OBRJECTIVES

At the end of the lesson, the reader will be able to:

Cite the incidence of osteoporosis

Identify the differences between vertebroplasty and kyphoplasty

Understand the special needs of providing anesthesia in the radiology suite
Anticipate problems and complications of the procedures

Outline a plan for moderate sedation/analgesia for kyphoplasty.

Identify changes in lung dynamics caused by vertebral fractures and position changes.

STEM CASE - KEY QUESTIONS

An 83 year old Chinese woman with limited communication ability in English with marked
osteoporosis and several lumbar and thoracic vertebral fractures presents to the hospital with
severe pain. She has been followed in the pain clinic for some years without significant
improvement, despite epidural steroid injections and several courses of opioid patches. At this
point, she is bed ridden and has had several bouts of aspiration pneumonia and repeated urinary
tract infections. Hb level is 9.9gm She is unable to lie flat because of pain. She has a past history
of hypertension treated with hydrochlorothiazide and metoprolol. Other medications include
oxycodone, acetaminophen, omeprazole, albuterol inhaler, and sertraline Cardiac function was
normal by echocardiography. Multilevel vertebroplasty and kyphoplasty has been planned in the
neuroradiology suite. The neuroradiologist asks for conscious sedation with the presence of an
anesthesiologist. He notes that he has done many such cases without the need for general
anesthesia.

Does this patient require any further tests

What are the considerations for anesthesia in remote locations?

What are the special requirements for sedation/analgesia for vertebroplasty and kyphoplasty
How do vertebral fractures alter lung dynamics?

Is the opioid or steroid administration of significance?
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Is she a suitable candidate for conscious sedation/moderate sedation/analgesia?

What is the impact of the co-morbidities, severe pain and possible language barrier in the
selection of an anesthetic technique?

What risks should be disclosed?

The patient is brought into the neuroradiology suite. She is semi sitting in bed, breathing oxygen,
2l/min. Respiratory rate is 30/minute; blood pressure 165/90: pulse rate 64/minute. She is very
apprehensive, gripping the bed sheets. The neuroradiologist says that the patient must be
positioned prone and he will require about one to two hours as he is trying out some new
equipment. He plans to insert balloons on both sides of the L1 vertebral body and to inject
cement at two other thoracic levels. However, he requires that the patient lie completely still to
achieve best imaging. At the time of balloon insertion and injection, he advises that there may be
considerable pain,

How can analgesia best be achieved?

What alternatives exist if the patient cannot tolerate the prone position?

What are the alternative anesthetic techniques?

If general endotracheal anesthesia is elected, what are the plans for emergence?

The patient is moved to the imaging table and attempts made to position her prone. However, she
cries out in pain. Standard ASA monitors are applied. She is medicated with midazolam 0.5mg
and fentanyl 50ug. SPO2 is 96% on supplemental oxygen. She is turned to a semi prone position.
She is moaning and cannot lie still. Pulse rate is 66 and BP has increased to 190/95. SPO? is
95%. The surgeon is anxious to start. .

How should we proceed?

Should alternative strategies be considered?

What if the patient refuses intubation?

The surgeon points out that if he could only insert the balloons which should not take longer than

20 minutes, the pain will be greatly relieved. Also, her medical doctor gave her clearance and he
is uncertain how her condition can be improved.

Does that statement influence your strategy?
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Should the case be postponed at this point?

Could anything be done to improve the patient’s condition?

The patient was returned to the stretcher and an interpreter was contacted. The patient indicated
that she needed to urinate and was concerned that her daoughter might not be able to locate her
in the basement. She was reassured and the procedure was explained more precisely to her,
including the need for her cooperation. She agreed to continue and asked for some more pain

medication.

PROBLEM BASED LEARNING DISCUSSION

Osteoporosis, or porous bone, is a disease characterized by low bone mass and structural
deterioration of bone tissue. The resulting bone fragility leads to increased fractures of all bones,
especially the hip, spine, and wrist. According to the National Institutes of Health on
Osteoporosis, 10 million Americans suffer from osteoporosis and an additional 34 million are
classified as having low bone mass. One in every two women and one in four men over 50 will
have an osteoporosis related fracture in their lifetime. Osteoporosis is responsible for an
estimated 1.5 million fractures, including >700,000 vertebral compression fractures annualy,
costing approximately $17 billion in direct national expenditure. As the population ages, costs
are predicted to rise to an estimated $60 billion by 2030 or $164 million/day The demographics
of this population are thus predominantly Caucasian and fernales of Asian descent, and with the
co morbidities of the geriatric group. Other risk factors include poor nutritional status, a history
of a primary relative with bone fragility, inactive lifestyle, early menopause, smoking, steroid
use and alcohol. Diagnosis depends on a bone mineral density test and a duel-energy x-ray
absorptiometry (DEXA) test.

Percutaneous vertebroplasty (PV) is a minimally invasive therapy that involves the injection of
polymethylmethacrylate (PMMA, liquid or powder) into a collapsed vertebral body to stabilize
it. Kyphoplasty is a more advanced technique that includes the insertion of a balloon which is
then filled with cement. The filling materials should have good biocompatibility, good
biomechanical strength and stiffness and radio opacity for the fluoroscopy guided procedures.
Synthetic bone substitutes such as resin materials, calcium phosphate or sulfate cements and
several formulations of PMMA are available.

Vertebroplasty was initially considered an outpatient procedure that did not require the
involvement of an anesthesiologist. As the ability of the procedure to dramatically decrease pain
has been repeatedly demonstrated, it has been applied to many more and sicker patients.
Considerable flexibility is required by the anesthesiologist to present an analgesic plan in a
distant location, depending on the unique circumstances of the patient.

Percutaneous vertebroplasty was first described by Herve Deramond in 1984 for the treatment of
painful vertebral angiomas. Now it is used as a palliative treatment for osteoporotic and -
malignant vertebral iesions which weaken vertebrae and cause chronic pain. Over 70 studies
involving >4000 patients have now been published. The technique has been shown to improve
mobility and lessen pain almost immediately with a low complication rate. Improvement in pain
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scores is dramatic. One recent series of 204 patients indicated a reduction of pain score from 8 at
baseline to | at the end point (p= 0.0001) with 61% giving up brace support, and 62% no longer
requiring any drug therapy. Beneficial results appear to be long standing.

-

L
B

Selection criteria are:

New fracture (1-7 months)

Pain refractory to medical management (bed rest, analgesics, calcitonin, or external bracing).
Respiratory compromise

Potential for worsening of disease.

Exclusion criteria include:

Vertebral body height loss of 100%,

Posterior wall involvement,

Involvement of the spinal cord,

Osteolytic metastatic lesions,

Bleeding diathesis

Inability to undergo emergency decompressive surgery.

Most of the exclusion criteria relate to the potential for complications.

Percutaneous vertebroplasty is a fluoroscopic guided injection of bone cement into a compressed
vertebral body. Four steps are involved:

Vertebral puncture (to access the surgical site),

Spinal biopsy (to rule out metastasis and in some cases to aid in diagnosis; avoid if angioma is
suspected}

Vertebral venography (to identify perivertebral drainage and extravasation of cement)
Injection of PMMA
Complications are associated with each step of the procedure. Vertebral puncture can enter

surrounding structures: veins, arteries, and pleura. The needle can disrupt the internal cortex of
the pedicle, increasing the risk of PMMA leakage. Risks of extravasation are increased by the
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presence of osteoporotic and osteolytic lesions. Leakage of PMMA into perivertebral veins
occurs in 30-67%, and can cause radiculopathy or embolization. Rarely there may be
interference with pulse oxymetry readings. Radicular pain has occurred with PMMA leakage
into the neural foramina via cortical fractures, micro fractures, or destruction of venous channels.
Pain has also occurred without an identifiable leak. Treatment with non steroidal anti-
inflammatory agents is generally successful, suggesting an inflammatory reaction to the cement.
The most severe complication of PMMA leakage is spinal cord compression and requires
immediate surgical decompression. Other complications particular to PMMA are hypotension,
hypoxemia, and cardiac arrhythmias. Only transient hypotension has been reported with PV, due
to the minimal amount of PMMA injected. A review of 117 patients who underwent PV
identified 8 cases with complications. Six were local problems (puncture site hematoma,
radiculopathy), and 2 had pulmonary embolism from cement migration. The risk of cement
leakage is increased with vertebroplasty, 41% versus 4% with kyphoplasty. Thus complications
are more common with vertebroplasty.

Kyphaplasty is a procedure that not only stops further compression but fixes the spinal
deformity. Unlike PV which only prevents further vertebral destruction, kyphoplasty (Kyphon
Corporation®, Santa Clara, CA), fixes spinal deformity. It is also more suitable for patients with
metastatic lesions as a better structure is created. It involves the same steps as vertebroplasty
except tamporading balloons are inserted into both sides of the body of the fractured vertebrae.
The balloons are inflated under direct visualization to compact the cancellous bone and reexpand
the vertebral body. PMMA is then inserted into the cavity. If done within three months of the
onset of pain, kyphosis can be decreased by 50%. Complications are less than after PV because
of greater containment of cement but have included epidural hematoma associated with
postoperative heparin administration, lower extremity motor loss from cement extravasation into
the spinal column, and anterior cord syndrome.

Anesthetic assessment is critical in these patients. Some of the considerations include:
Cardiac disease

Pulmonary compromise

Urinary tract infection

Multiple medications

Metastatic disease

Poor nutritional status

Narcotic dependency

Limited mobility

As age increases 50 do cardiovascular and pulmonary co morbidities, The decrease in pulmonary
function associated with osteoporotic vertebral fracture may be clinically significant in a patient
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with already reduced pulmonary and cardiovascular reserve. Previously pulmonary function in
the osteoporotic patient was described as normal perhaps because height at age 25 years and not
current height was used in pulmonary finction test calculations. By adjusting for this change, a
statistically significant decrease in vital capacity and FEV1 suggesting restrictive lung pattern
may be identified. Also, the mortality rate from pulmonary disease (not lung cancer) is increased
with osteoporotic vertebral fractures. Many vertebral fractures are caused by metastatic lesions.
The primary source may or may not have been identified. In addition to the effects upon the
pulmonary system, vertebral fractures also affect the gastrointestinai system. Loss of vertebral
height decreases abdominal space and compromises gastrointestinal function. Long term opioid
use causes constipation and decreases nutrient absorption. Psychological well being is adversely
affected by insomnia and depressive effects of chronic pain,

Positioning the patient suffering from osteoporotic and/or vertebral fractures may cause
excruciating pain. Anesthetic induction on the gumney or administration of adequate analgesia
prior to movement to the operating table is essential. Also, these patients have limited range of
motion and greater chance for fracture. If possible, the range of motion should be assessed pre-
operatively. Radiolucent bolsters and or air mattress should be considered. Positioning also
involves ensuring that the vertebrae are in line, (allowing for mechanical limitation of
movement), avoiding stretch on the brachial plexus and limb girdle, and placing the hands and
feet in anatomically neutral positions. The mechanics of the interventional radiology suite may
also pose a challenge for the anesthesiologist as there are 4 viewing screens for the radiologist
placed between the anesthetic machine and the patient. The anesthesiologist must acquaint
him/herself with the arrangement and plan ahead to allow sufficient length of tubing and wires
for oxygen and monitoring equipment.

Although small doses of midazolam (1-2mg, fentanyl (25-50ug) and occasional boluses of
propofol often suffice, such a technique may not provide adequate pain control and appropriate
conditions for the neuroradiologist. Low dose propofol (50-100ug/kg/min), remifentanil
(0.25ug/kg/min) or dexmedetomidine (0. 1-0.2ug/kg/min) may be supplemental or even provide
an adequate sedation technique Supraglottic devices have been used successfully, and should
always be immediately available. While the procedure may be done on an outpatient basis, the
preference is usually for the patient to be observed for 24 hours.On rare occasions, general
endotracheal anesthesia with inhal;ation agents is required. Generally, patients can be
successfully extubated as pain is often dramatically relieved by the insertion of the cement.

Anesthesia in remote locations means that the anesthesiologist is far from home base. It is
essential to ensure that all equipment is immediately available and that there is the ability to
commuinicate with the control desk.In these procedures, there is frequent movement of the X-ray
equipment and viewing screens over the patient. Thus all connection tubing must have extra
length and the anesthesiologist must be flexible enough to accommodate to small and ever
changing space size.

REFERENCES

National Institutes of Health Osteoporosis and Related Bone Diseases - National Resource
Center (www.osteo.org)



L-028
L.104

Page 7
Togawa D, Kovacic JJ, Bauer TW et al. Radiographic and histologic findings of vertebral

augmentation using poiymethylmethacrylate in the primate spine: percutaneous vertebroplasty
versus kyphoplasty. Spine, 2006 1;31 (1): E 4-10

Hochmuth K, Proschek D, Schwarz W et al. Percutaneous vertebroplasty in the therapy of
osteoporotic vertebral compression fractures: a critical review. Eur Radiol. 2006; Jan 5;:1-7

Lieberman IH, Togawa D, Kayanja MM. Vertebroplasty and kyphoplasty: filler materials. Spine
1. 2005; 5(6 supple): 3G55-316S

Barragan-Campos HM, Vallee JN, Lo D et al. Percutaneous vertebroplasty for spinal metastases:
complications Radiology. 2006 Jan; 238 (1): 354-62

Anselmetti GC, Corrao G, Monica PD etal. Pain relief following percutaneous vertebroplasty:
Results of a series of 283 consecutive patients treated in a single institution. Cardiovasc Intervent
Radiol 2007 Jan2nd. (Epub ahead of print)

Kaufmann TJ, Trout AT, Kalimes DF The effects of cement volume on clinical outcomes of
percutaneous vertebroplasty. Am J Neuroradiol. 2006; 27(9): 1933-7

Liliang PC, Lu K, Liang CL et al. Dyspnoea and chest pain associated with pulmonary
polymethylmethacrylate embolism after percutaneous vertebroplasty Injury 2006 (E pub ahead
of print)

Shindle MK, Tyler W, Edobor-Osula F et al. Unsuspected lymphoma diagnosed with use of
biopsy during kyphoplasty. J Bone Joint Surg Am. 2006; 88(12): 2721-4

Majd ME, Farley S, Holt RT Preliminary outcomes and efficacy of the first 360 consecutive
kyphoplasties for the treatment of painful osteoporotic vertebral compression fractures. Spine J.
2005; 5(3): 244-55

Rodriguez- Catarino M, Blimark C, Willen J et al. Percutaneous vertebroplasty at C2: a case
report of a patient with multiple myeloma and a literature review. Eur Spine J. 2006 (Epub ahead
of print).

Czhana A, Seium Y, Diby M et al. Percutaneous vertebroplasty in octogenarians: redults and
follow up. Pain Pract. 2005; 5(4): 316-23

Schlaich C, Minne HW, Wagner G et al, Reduced pulmonary function in patients with spinal
osteoporotic fractures. Osteoporosis International. 1998(8):261-267.

SELECTIVE REFERENCES

Hulme PA, Krebs I, Ferguson SJ et al. Vertebroplasty and kyphoplasty: a systematic review of
69 clinical studies. Spine 2006; 31(17): 1983-2001.



L-028

L-104

Page 8

Taylor RS, Taylor RJ, Fritzell P. Balloen kyphoplasty and vertebroplasty for vertebral
compression fractures: a comparative systematic review of efficacy and safety. Spine. 2006;
31(23): 2747-55

Shen MS, Kim YH Vertebroplasty and kyphoplasty-treatment techniques for managing
osteoporotic vertebral compression fractures. Bull Hosp Jt Dis 2006; 64 (3-4): 106-13.

LEARNING SUMMARY

Understand the differences between vertebroplasty and kyphoplasty
List the indications for the 2 procedures
Plan an appropriate anesthetic technique in the neuroradiology suite.
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L-203 To Relieve Intracranial Vasospasm
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OBJECTIVES
At the end of this PBLD the participants should be able to:

Know the incidence, etiology, clinical picture and complications of subarachnoid hemorrhage

(SAH)
Be able to define the Hunt Hess classification
Identify medical and surgical treatments of SAH

Know the important anesthetic considerations of transporting critically ill neurosurgical patients
and remote anesthesia

Recognize hemodynamic complications with intra-arterial injection of Nicardipine.

STEM CASE - KEY QUESTIONS
Case:

You are called by the neurosurgeon on Saturday morning for a case in the neuroradiology suite.
The patient is a 34-year-old female with a history of subarachnoid hemorrhage (SAH) secondary
to a ruptured right middle cerebral artery aneurysm, which occurred three days prior. On arival,
she was Class 2 on the Hunt Hess classification. There was no motor deficit and she complained
of the worst headache she had ever experienced. She also complained of photophobia and was
drowsy. An aneurysm coiling procedure was performed 48-hours ago. Last night she started to
develop changes in her mental status and was transferred to the Neurosurgical intensive care unit

(NICU).

Questions:

What is the Hunt Hess Classification?
What is the probable cause of this mental status change?
Describe ways to confirm the diagnosis?

What is the medical treatment in this situation?



You inquire about the planned procedure and the surgeon replies, “We will do an angio first, but
we might perform angioplasty or injection.”

As you ready the angiography suite, you send the resident to see the patient in the NICU.

Questions:

What are the major and important issues that are specific to her problem and should be
considered in your pre-operative evaluation?

What laboratory or radiologic study will help you?

Would a call to the NICU physician help? What would you discuss?

Case:

Her past medical history shows dysmenorrhea and two Cesarean sections, but no other medical
problems. She has no aliergies and has been taking Ibuprophen occasionally before this
hospitalization. She smokes and, on occasion, drinks wine. Her mother died from a stroke in her
fifties.

Her recent aneurysm coiling was under general anesthesia with no complications. She is 64 kg,
162cm and her vital signs at present are:

HR= 81 BP= 168/98 RR=16 Sp02=99% with a nasal cannula
She hardly responds to verbal stimulation when called and mumbles.

The NICU team has started an arterial line, as well as a central venous catheter and a pulmonary
artery catheter.

She is NPO, getting I'V fluids at a rate of 100ml and currently receiving a 500 ml of albumin
bolus,
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Questions:

What is your plan for transporting this patient to the angiography suite?
How would you induce and maintain anesthesia in this patient?

What are the hemodynamic goals?

What is the ideal PCO2 in this situation?

Case:

The surgeon performs an angiography and mentions that there is vasospasm in the right middle
cerebral artery. His plan is to dilate it with Nicardipine injection. He starts the Nicardipine
injection and you notice a decrease in the blood pressure.

Questions:

What is Nicardipine?

What important side effects are you concerned with in this patient?
Would you prepare any drips for hemodynamic support?

You notice some ST changes in the EKG, what can this be related to?

What would you advise to the surgeon at this point?

Case:

The surgeon repeats the Nicardipine injection and after performing an angiography is satisfied
with arterial dilation.
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Questions:

Would you attempt to emerge this patient?
What is the destination and what is your plan for transport?

PROBLEM BASED LEARNING DISCUSSION

Subarachnoid hemorrhage (SAH) is a devastating disease with high mortality and morbidity
accounting for 25% of cerebrovascular deaths.' Nearly half of the affected patients die, some
even before reaching hospital. About one-third of survivors end up debilitated.>

The most common cause of SAH is ruptured intracranial aneurysm (85%), although 10% are
from perimesencephalic hemorrhage and 5% are from other causes.> About 1-5% of adults have
intracranial aneurysm and 1:10000 North Americans suffer a SAH because of a ruptured
aneurysm. In addition to surgical management of SAH with intravascular coiling or surgical
clipping, medical therapy focuses on maintenance of adequate volume, monitoring for cerebral
vasospasm, and initiation of maneuvers to improve vessel patency and cerebral blood flow
(CBF).? Cerebral vasospasm can occur after a SAH, decreasing cerebral blood flow and
worsening the clinical picture. Although 70% of patients with SAH show angiogra4phic signs of
cerebral vasospasm, a clinical picture of focal ischemia can be seen in about 30%." Even though
this is a self-limiting complication that usually starts within hours of the bleed (peaking at 4-10
days® and lasting up to 4 weeks), it can cause cerebral ischemia, stroke and even death in these
patients. Despite treatments, about 13% of patients with SAH die or develop permanent
disability because of vasospasm.® Triple H therapy—induced Hypertension, Hemodylution and
Hypervolemia, is said to decrease the ischemic effects of vasospasm.”® Hypertensive
hypervolemic therapy of cerebral vasospasm is not free of morbidity and mortality and can cause
pulmonary edema and myocardial ischemia.”'® Thus timing and monitoring is very important in
this type of treatment with patients usually monitored in an Intensive Care setting with trained
nurses.® Nimodipine, a calcium channel blocker, has also been used for prophylaxis as well as
treatment of vasospasm after SAH.%!!-'2

Recently, there have been case reports of selective intra-arterial injection of Nicardipine, another
calcium channel blocker, to relieve vasospasm during angiography.” Selective injection of
Papaverine and balloon angioplasty have also been used to relieve vasospasm after SAH.'%"
Selective intra-arterial injection of Nicardipine can cause significant hemodynamic effects and
would need supportive management by the anesthesiologist.

When faced with a patient scheduled for a procedure outside the operating room, there are
certain precautions that need to be considered.' In cases where any change in the hemodynamics
can cause a drop in the cerebral blood flow, there should be closer monitoring during
transportation. The following section will discuss important issues in the preoperative,
intraoperative and postoperative periods when facing these patients.
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Preoperative: Almost all cases of intracranial vasospasm are after a SAH. Most occur following
the rupture of an intracranial aneurysm. These aneurysms may or may not have undergone a
surgical clipping or an intravascular coiling. Patients are usually in the Neurosurgical Intensive
Care Unit (NICU)."” A typical case involves mental status changes or deterioration in neurologic
exarnination, as well as Trans-cranial Doppler (TCD), which can show the vasospasm.®

Selective intra-arterial injection of nicardipine should be performed with selective angiography
in a bi-plane radiology facility, not in an operating room. The anesthesiologist should be familiar
with the procedure and its potential complications'® '°, Such cases are usually urgent, which
leaves the anesthesiologist little time for setting up the anesthesia mackine in the neuroradiology
suite and visiting the patient. If the patient has had a recent procedure (angiography,
intravascular coiling, or craniotomy with clipping of aneurysm) then the previous anesthesia
record will have invaluable information regerding his/her airway and hemodynamic responses.
There might also be information about induced hypotension or hypertension and the patient’s
hemodynamic response to the used pharmacologic agents. Most patients would probably be
under triple H therapy and have invasive monitoring (e.g. arterial, line central line, pulmonary
artery (PA) catheter, ventriculostomy). In our practice we transport patients under full
hemodynamic monitoring in order to treat any hemodynamic changes which could worsen
cerebral blood flow. Some patients are already intubated, but since there might be a need for
frequent neurological examination, they might be under sedation with a short-acting sedative
such as propofol infusion. During transport if the patient is stimulated or an interruption of
propofol infusion occurs, the patient might get agitated and extubation might occur. Thus we
prefer to transport intubated patients sedated and paralyzed. Any drop in blood pressure
secondary to sedation should be treated. Inotropic agents as well as medications and equipment
for emergency reintubation should be available during transport in case accidental extubations
occur. In situations where there is ventriculostomy, it is preferable to close the ventriculostomy
drain if the intracranial pressure (ICP) is not elevated in order to avoid removal of large amounts
of cerebrospinal fluid (CSF) during transportation.

Intraoperative: Transportation to the neuro-radiology table should be smooth to avoid any
hemodynamic changes. Reattachments of monitoring should not cause a prolonged delay in
continuous patient monitoring. It is preferable to have these patients under general anesthesia for
the procedure. The interventionalist often requires the patient to be completely motionless during
the procedure. Airway management in the middle of the case can be disastrous if complications
arise and the patient becomes hemodynamically unstable.!® In cases when emergency
craniotomy or ventriculostomy becomes necessary, having an intubated patient could save vital
time. In patients who are not intubated, induction should be smooth in order to avoid a sudden
drop in blood pressure and a decrease in cerebral perfusion pressure (CPP). In some situations
where there is a prolonged time gap between inducation and surgical incision, since there is no
surgical stimulation it might be difficult to maintain a desirable blood pressure and there might
be a need for induced hypertension with an inotropic agent like phenylephrine. During the
angiographic stage of the surgery, additional extensions might be needed for IV lines as well as
ventilatory circuits which can increase the chance of accidental extubation or line extraction.
Bolus medications should be followed by flushes in order to ensure rapid delivery to the patient
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through these extension lines. Any patient movement should be avoided after angiographic
mapping. Some patients are on anti-seizure medications which could increase the non-
depolarizing muscle relaxant metabolic rate. An atracurium infusion might be a better choice in
these situations. During multiple angiographic runs with fluoroscopy, the interventionist might
require apneic periods. This can increase the chance of hypoxemia and hypoventilation as well
as inadequate anesthesia level due to decreased volatile agent delivery. It is desirable to use
higher FiO2 and avoid nitrous oxide to decrease the chance of dilution hypoxia during the apnea
episodes. In cases where prolonged apnea is needed, addition of an intravenous (IV) anesthetic
method could be desirable. Although hypoventilation should be avoided, especially in cases with
high 1CP, hyperventilation could also be deleterious since it can cause vasoconstriction of
collateral vessels that perfuse the ischemic areas of the brain.

The challenge, thus, would be to continue the induced hypertension afier the addition of
nicardipine infusion. A timely start of phenylephrine boluses, along with a continuous infusion
will decrease the chance of hypotension during nicardipine infusion.

The most important key to success in maintaining a stable hemodynamic state is communication
between the interventionalist and the anesthesiologist regarding the start and end of nicardipine
infusion and its dose. Depending on blood pressure changes in response to nicardipine infusion,
there might be a need for large doses of vasopressors. We have noticed myocardial strain pattern
with electrocardiographic non-specific ST and T changes with high doses of phenylephrine. The
interventionalist should be informed to stop or decrease the infusion rate in order to reduce the
rate of intra-operative infusion. In cases of severe bradycardia following large doses of
phenylephrine, glycopyrrolate or the addition of a dopamine infusion might be necessary.

Postoperative: Even though there is an instant decrease in vasospasm of the intracranial vessels
after injection of nicardipine, there might be recurrence of vasospasm. It is desirable to keep the
patient intubated, with any decisions on extubation made after neurologic examination in the
NICU. In the immediate postoperative period, there might still be some hemodynamic instability
following inotropic agents administered to keep a higher SBP.

Before transportation from the angiography suite, the anesthesia provider should call and report
the course of surgery as well as the patient’s hemodynamic status, ventilatory settings and
ongoing therapeutic measures to the NICU nurse accepting the patient. The patients are
transported to the NICU intubated, sedated and under full monitoring to ensure adequate cerebral
perfusion. Special care should be given to decrease stimulation during transport. Accidental
extubation and line removal during transport remains a major threat. It is advisable to have either
a physician from the interventional team or the anesthesiologist accompany the anesthesia
provider to the NICU. During transportation it is necessary to have the equipment and
medications for treatment of hemodynamic changes as well as emergent reintubation in case of
accidental extubations.
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Conclusion: -

Selective intra-arterial injection of Nicardipine for treatment of vasospasm can cause major
hemodynamic changes. In patients with intracranial vasoconstriction who have impaired brain
perfusion, a decrease in SBP can further decrease perfusion and worsen ischemia. Close
hemodynamic monitoring and the addition of inotropic agent(s) is important during
transportation to the neuroradiology suite, the procedure and afterwards so as to ensure adequate

perfusion of the brain.

10.
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LEARNING SUMMARY

1. Identify the medical and interventional treatments of intracranial vasospasm following
subarachnoid hemorrhage

2. Know the important anesthetic considerations of transporting neurosurgical critically ill
patients and remote anesthesia

3. Recognize hemodynamic complications with intra-arterial injection of Nicardipine.
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