Viva Voce Examination: Vestibular
Schwannoma Management

Question 1: A 45-year-old patient is diagnosed with a unilateral vestibular
schwannoma. Discuss the fundamental pathophysiology, including the genetic basis,
common classifications relevant to anesthetic planning, and the implications of
Neurofibromatosis Type 2 (NF2) in this context.

Answer:

Vestibular schwannomas (VS) are benign, encapsulated tumors arising from the
Schwann cells of the vestibulocochlear nerve (CN VIII), typically from its vestibular
division.1 The vast majority, approximately 95%, are unilateral and sporadic.3 The
core pathogenetic mechanism, for both sporadic and syndromic forms, involves the
inactivation of the NF2 gene located on chromosome 22g12.4 This gene encodes for
a tumor suppressor protein called merlin (or schwannomin). Loss of functional merlin
disrupts normal cell growth regulation, leading to the proliferation of Schwann cells
and tumor formation.4 While most VS are sporadic, about 5% are associated with
Neurofibromatosis Type 2 (NF2), an autosomal dominant condition characterized by
the development of bilateral vestibular schwannomas.3

The implications of NF2 for anesthetic management are profound. NF2 patients often
present at a younger age, typically in the third decade, compared to the fourth to
sixth decades for sporadic VS.? Beyond bilateral VS, NF2 is a multisystem disorder
associated with other central nervous system tumors such as meningiomas, spinal
schwannomas (particularly in the Wishart type of NF2, which presents earlier and is
more severe), and ependymomas.® They may also have juvenile posterior
subcapsular cataracts and cutaneous schwannomas.>This necessitates a more
extensive pre-anesthetic workup, including a thorough neurological examination to
identify other CNS lesions, spinal imaging if indicated, and assessment for potential
end-organ dysfunction related to these associated conditions (e.g., renal artery
stenosis, pheochromocytoma, pulmonary fibrosis, cardiomyopathies, though these
are less common than the CNS manifestations).® Anesthetic plans must account for
previous neurosurgeries, potential for increased intracranial pressure (ICP) from
multiple lesions, and the higher likelihood of cumulative neurological deficits
impacting airway, respiratory, and cardiovascular function. The Manchester criteria
are used for diagnosing NF2.2 The presence of mosaic NF2, resulting from
postzygotic mutations, means some individuals may develop NF2 without a family
history, with only a portion of their cells carrying the mutation.3

For classification relevant to anesthetic planning, the Koos classification is
paramount.’ This system grades VS based on their size and extension:

e Grade 1. Small, purely intracanalicular tumor. Anesthetic focus is often on
maximizing conditions for hearing preservation monitoring if attempted.

e Grade 2: Tumor protrudes into the cerebellopontine angle (CPA) but does not
contact the brainstem. Hearing preservation may still be a goal; risk to facial
nerve increases slightly.



Grade 3: Tumor occupies the CPA and contacts the brainstem but causes no
displacement. Increased risk to facial and cochlear nerves; potential for mild
brainstem effects.

Grade 4: Large tumor causing displacement of the brainstem and adjacent
cranial nerves. These tumors present significant anesthetic challenges,
including a higher risk of preoperative hydrocephalus, intraoperative
brainstem manipulation leading to hemodynamic instability (e.g.,
trigeminocardiac reflex), difficult cranial nerve dissection, and significant
postoperative neurological sequelae.® Management of ICP and provision of a
slack brain are critical. Understanding this classification allows the
anesthesiologist to anticipate the surgical difficulty, potential for blood loss,
duration of surgery, likelihood of cranial nerve involvement, and the need for
specific monitoring and management strategies. Histopathologically, VS
typically shows Antoni A areas (hypercellular, spindle cells, Verocay bodies,
S100 protein-positive) and Antoni B areas (hypocellular,

myxomatous).* Cystic changes within the tumor can occur and may be
associated with more rapid growth or different surgical outcome profiles.*

Question 2: Describe the classic and less common clinical manifestations of a
vestibular schwannoma. How do these symptoms, and their sequence of
appearance, aid in clinical localization and how might they influence your pre-
anesthetic assessment, particularly concerning hydrocephalus?

Answer:
The clinical presentation of vestibular schwannoma (VS) is primarily dictated by the
compression and dysfunction of the vestibulocochlear nerve (CN VIII) and adjacent

structures within the internal auditory canal (IAC) and cerebellopontine angle (CPA).

The classic triad of symptoms includes 2:

1. Unilateral Sensorineural Hearing Loss (SNHL): This is the most common

initial symptom, reported in 85-95% of patients. It is typically progressive,
insidious in onset, and often affects high frequencies first.1° A key
characteristic can be a disproportionate loss of speech discrimination relative
to the pure tone audiometry thresholds, indicating retrocochlear pathology.®
Tinnitus: A ringing, buzzing, or hissing sound in the affected ear, present in
approximately 40-65% of patients.® It can be constant or intermittent.
Vestibular Dysfunction: This includes dysequilibrium, unsteadiness, or true
vertigo (a sensation of spinning). While vertigo can occur, a more common
complaint is a vague sense of imbalance, particularly with rapid head
movements or when walking on uneven surfaces or in the dark.® Frank,
debilitating vertigo may be less common with very large tumors as the
vestibular nerve function may be slowly and completely destroyed, allowing
for central compensation. Interestingly, some studies suggest vertigo might be
more prevalent in Koos Grade 3 tumors than Grade 4, possibly due to
ongoing irritation of a partially functional vestibular nerve before its complete
destruction.®



Less common manifestations, generally associated with larger tumors (e.g., Koos
Grade 3 or 4) or atypical growth patterns, involve other cranial nerves and the
brainstem/cerebellum:

e Trigeminal Nerve (CN V) Involvement: Facial numbness, paresthesia, or
pain in the trigeminal distribution occurs in 17-49% of cases, due to
compression of CN V in the CPA.> An absent corneal reflex may be found on
examination.®

o Facial Nerve (CN VII) Involvement: Facial weakness or paresis is less
common as an initial symptom (6-21%) but its incidence increases with tumor
size.5 Taste disturbances on the anterior two-thirds of the tongue can also
occur.® Significant facial weakness with a small tumor might suggest a more
aggressive tumor or an unusual origin, such as an intralabyrinthine
schwannoma with extension.

« Lower Cranial Nerve (CN IX, X, XI, Xll) Involvement: These are rare with
VS unless the tumor is very large and extends inferiorly, causing symptoms
like dysphagia, hoarseness, or aspiration.®

o Cerebellar Compression: Leads to ataxia, dysmetria, and an unsteady gait,
reported in up to 44.6% of patients with large tumors.®

e Brainstem Compression: Can cause long tract signs (e.g., pyramidal
weakness), contralateral cranial nerve deficits, and nystagmus.?

The sequence and combination of symptoms are crucial for localization. Early and
predominant SNHL and tinnitus point to initial involvement within the IAC or at the
porous acousticus. If facial numbness or trigeminal neuralgia precedes significant
auditory symptoms, it might suggest a tumor with a more anterior or superior growth
vector in the CPA, or even a primary trigeminal schwannoma. Early facial weakness
is atypical for VS and warrants careful evaluation.

Hydrocephalus is a significant concern, particularly with larger tumors (Koos Grade
4) that compress the fourth ventricle, leading to obstructive hydrocephalus.3
Symptoms include headache (often worse in the morning), nausea, vomiting,
lethargy, and papilledema. However, VS can also be associated with communicating
hydrocephalus, even with smaller tumors that do not cause obvious CSF pathway
obstruction.13 The proposed mechanism for this is an elevated CSF protein
concentration, shed by the tumor, which impairs CSF resorption at the arachnoid
granulations.13 This can manifest with symptoms of normal pressure hydrocephalus
(NPH), including gait apraxia, cognitive decline, and urinary incontinence, especially
in older individuals.13

During pre-anesthetic assessment, specific inquiry about these symptoms is vital. An
Evans ratio greater than 0.3 on MRI is indicative of ventriculomegaly.14 The
presence of hydrocephalus, whether obstructive or communicating, has major
anesthetic implications:

e Increased baseline ICP, necessitating meticulous ICP management
strategies.

o Potential need for preoperative CSF diversion (e.g., ventriculoperitoneal shunt
or endoscopic third ventriculostomy, or an external ventricular drain (EVD)).



e Increased risk of herniation with anesthetic induction or positive pressure
ventilation if ICP is critically high.

o Altered cerebral autoregulation and compliance.

« Careful fluid management is required to avoid exacerbating cerebral edema.
Thus, a detailed history of symptoms, correlated with imaging, is fundamental
to anticipating and managing these complex physiological derangements.

Question 3: Detall the primary diagnostic modalities for vestibular schwannoma.
Explain the specific significance of advanced MRI sequences (e.g., CISS/FIESTA)
and comprehensive audiological testing in pre-surgical planning and for predicting
perioperative anesthetic challenges.

Answer:

The cornerstone of vestibular schwannoma (VS) diagnosis is Magnetic Resonance
Imaging (MRI) with gadolinium contrast.4 It is considered the gold standard, capable
of detecting tumors as small as 2 mm.1 On T1-weighted images, VS typically
appears isointense or hypointense, and on T2-weighted images, it is often
hyperintense and heterogeneous. Following gadolinium administration, VS
demonstrates avid, usually uniform enhancement.4 MRI accurately delineates tumor
size, location (intracanalicular, cerebellopontine angle extension), relationship to the
brainstem and cerebellum, presence of cystic components, and any associated
hydrocephalus or displacement of the fourth ventricle.10 Cystic VS may be
associated with more rapid growth and potentially different surgical outcomes, such
as lower rates of complete resection and initially inferior facial nerve outcomes,
though long-term outcomes may be similar to non-cystic tumors.1

Advanced MRI sequences play a critical role in pre-surgical planning:

e High-resolution T2-weighted sequences, such as CISS (Constructive
Interference in Steady State) or FIESTA (Fast Imaging Employing
Steady-state Acquisition): These sequences provide excellent contrast
between CSF (bright) and cranial nerves/tumor tissue (darker), allowing for
precise visualization of the facial (CN VII) and cochlear nerves within the
internal auditory canal (IAC) and CPA.! This is vital for:

o Surgical Planning: Delineating the course of the facial nerve relative
to the tumor (e.qg., displaced anteriorly, splayed over the capsule, or
compressed). This information helps the surgeon anticipate the
difficulty of dissection and strategize nerve preservation.

o Predicting IONM Needs: If the nerve is intimately involved with the
tumor, the need for meticulous and reliable facial nerve monitoring
(EMG) becomes even more critical, influencing anesthetic technique
(e.q., preference for TIVA, strict avoidance of muscle relaxants during
dissection).

o Prognostication: The degree of lateral IAC involvement by the tumor,
as seen on these sequences, is known to adversely affect both facial
nerve and hearing outcomes.! This information helps in counseling the
patient and setting realistic expectations.



Comprehensive audiological testing provides essential baseline functional
information and complements imaging:

1. Pure Tone Audiometry (PTA): This is often the best initial screening test.® It
typically reveals an asymmetric sensorineural hearing loss (SNHL), usually
more pronounced at higher frequencies, on the affected side.®> The audiogram
guantifies the degree of hearing loss.

2. Speech Discrimination Score (SDS) / Word Recognition Score
(WRS): This assesses the patient's ability to understand speech. A hallmark
of retrocochlear lesions like VS is often a disproportionately poor SDS
compared to the degree of pure tone hearing loss.® This finding is highly
suggestive of neural pathway dysfunction rather than just cochlear end-organ
damage.

3. Auditory Brainstem Response (ABR) / Brainstem Evoked Response
Audiometry (BERA): This electrophysiological test measures the neural
activity along the auditory pathway from the cochlea to the brainstem in
response to click stimuli.’® In VS, ABR typically shows delayed latencies
(especially of Wave V, or prolonged I-V interpeak latency) or absent
waveforms on the affected side, reflecting impaired neural conduction due to
tumor compression.1°

o Significance for Anesthetic Planning: The baseline ABR is crucial if
intraoperative BAEP monitoring is planned for hearing preservation
attempts. It establishes the pre-existing neural integrity and serves as
the reference against which intraoperative changes are judged. If
baseline ABR is already significantly abnormal or absent, the utility or
goals of intraoperative BAEP monitoring might be modified.

Other tests include:

« Vestibular Evoked Myogenic Potentials (VEMPS): Assess saccular
(cVEMP via inferior vestibular nerve) and utricular (0VEMP via superior
vestibular nerve) function. Abnormalities can help indicate which division of
the vestibular nerve is primarily affected by the tumor, providing more precise
localization of origin.©

e Caloric Testing and Video Head Impulse Test (VHIT): These assess
peripheral vestibular function and typically show reduced or absent responses
on the affected side.°

Perioperative anesthetic challenges predicted by these modalities include:

« Difficult Nerve Dissection: Advanced MRI showing significant nerve
displacement or encasement implies a longer, more meticulous surgery, with
higher risk of nerve injury and greater reliance on IONM. This necessitates an
anesthetic technique optimized for stable, high-quality IONM signals.

e Hearing Preservation Strategy: If audiology shows serviceable hearing and
MRI suggests a favorable tumor anatomy, hearing preservation will be a
surgical goal. This mandates intraoperative BAEP monitoring and an
anesthetic that minimally interferes with it.

o Facial Nerve Risk: MRI and clinical assessment of facial nerve function will
determine the anticipated risk. If high, facial nerve EMG and possibly MEP



monitoring will be paramount, strongly favoring TIVA and avoidance of
neuromuscular blockade.

o Brainstem Involvement: Large tumors (Koos 4) on MRI indicate potential
brainstem compression, increasing risks of ICP issues, hemodynamic
instability (TCR, cardiovascular center irritation), and need for careful brain
relaxation techniques.®

Computed Tomography (CT) has a limited role in primary VS diagnosis but can be
useful for assessing bony erosion of the IAC or associated hydrocephalus.*

Question 4: Outline the essential components of a comprehensive pre-anesthetic
neurological assessment for a patient scheduled for vestibular schwannoma
resection via a retrosigmoid suboccipital approach. Emphasize the evaluation of
cranial nerves V, VII, and the lower cranial nerves (I1X, X, XlIl) and the implications of
any deficits.

Answer:

A comprehensive pre-anesthetic neurological assessment for a patient undergoing
vestibular schwannoma (VS) resection via a retrosigmoid suboccipital (RMSO)
approach is critical for risk stratification, planning intraoperative monitoring, and
anticipating postoperative needs. The assessment should encompass:

1. History:

o Auditory Symptoms: Detailed history of onset, progression, and
nature of hearing loss (unilateral, often high-frequency), tinnitus
(character, laterality), and any sound recruitment or distortion.?

o Vestibular Symptoms: Presence, frequency, and triggers of vertigo,
dysequilibrium, imbalance (especially with quick turns or in low-
light/uneven surfaces).1?

o Cranial Nerve V (Trigeminal) Symptoms: Facial numbness,
paresthesia, pain (distribution within V1, V2, V3), or motor symptoms
like difficulty chewing.®

o Cranial Nerve VIl (Facial) Symptoms: Facial weakness (subtle or
overt, e.g., difficulty closing eye, asymmetric smile), altered taste
(anterior two-thirds of tongue), hyperacusis (stapedial reflex
dysfunction).®

o Lower Cranial Nerve (IX, X, XIl) Symptoms: Dysphagia (difficulty
swallowing solids/liquids), dysphonia/hoarseness, nasal regurgitation,
dysarthria, or history of aspiration.® These are particularly important as
deficits significantly increase postoperative aspiration risk.

o Symptoms of Raised Intracranial Pressure (ICP) /
Hydrocephalus: Headache (character, timing, severity), nausea,
vomiting (especially projectile), visual disturbances (diplopia, blurred
vision), altered level of consciousness or cognitive changes.3

o Cerebellar Symptoms: Gait ataxia, incoordination, clumsiness,
intention tremor.*2



o General Neurological History: Seizures, previous neurosurgeries,
family history of neurological disorders (especially NF2). Patient's
handedness should be noted.*?

2. Physical Examination:

o General: Level of consciousness (Glasgow Coma Scale), cognitive
status, vital signs.

o Cranial Nerve Examination (Detailed):

= CN I (Olfactory): Usually not affected by VS unless extremely
large with anterior extension.

= CN Il (Optic): Visual acuity, visual fields, fundoscopy for
papilledema (sign of raised ICP).

= CNIII, IV, VI (Oculomotor, Trochlear, Abducens): Extraocular
movements, pupillary reflexes. Nystagmus may be present.

= CNV (Trigeminal):

Sensory: Test light touch, pinprick in all three divisions
(V1, V2, V3) bilaterally.

Corneal Reflex: Afferent limb via CN V1, efferent via CN
VII. An absent or diminished reflex is a significant
finding.®

Motor: Palpate masseter and temporalis muscles during
clenching, assess jaw deviation.

Implications: Pre-existing CN V deficit indicates tumor
involvement and heightens awareness for intraoperative
trigeminocardiac reflex (TCR) during manipulation.® IONM
of CN V (masseter/temporalis EMG) will be important.

= CN VIl (Facial):

Inspect for facial asymmetry at rest and during voluntary
movements (raising eyebrows, closing eyes tightly,
smiling, puffing cheeks). Grade using House-Brackmann
scale.

Test taste on anterior two-thirds of tongue if symptoms
suggest.

Implications: Pre-existing CN VIl weakness worsens
prognosis for postoperative facial function. It guides the
intensity of facial nerve IONM and helps in preoperative
counseling regarding potential outcomes.*’

=  CN VIl (Vestibulocochlear):

Auditory: Gross hearing assessment (finger rub,
whispered voice). Weber and Rinne tests to confirm
audiometric findings (sensorineural vs. conductive loss).®
Vestibular: Observe for spontaneous/gaze-evoked
nystagmus. Formal vestibular testing (calorics, vHIT,
VEMPSs) results should be reviewed.°

Implications: Baseline hearing status determines goals for
hearing preservation and the need/interpretation of
intraoperative BAEPSs. Vestibular deficits guide
preoperative counseling and planning for postoperative
rehabilitation.

= CNIX, X (Glossopharyngeal, Vagus):

Assess gag reflex (afferent IX, efferent X).



= Observe palatal elevation (uvula deviation away from side
of lesion with CN X palsy).
= Assess voice quality (hoarseness may indicate CN X
palsy).
= Inquire about swallowing difficulties.
= Implications: Pre-existing deficits in CN IX/X are critical
flags for increased risk of postoperative aspiration,
dysphagia, and airway compromise.® This may
necessitate a modified anesthetic emergence, delayed
extubation, early speech and swallow assessment post-
op, and potentially alternative nutritional routes.
= CN Xl (Accessory): Test sternocleidomastoid and trapezius
muscle strength.
= CN Xl (Hypoglossal): Inspect tongue for fasciculations or
atrophy. Test tongue protrusion (deviates towards side of
lesion).
= Implications: CN Xl deficits, often in conjunction with
IX/X, further compound swallowing and speech problems.
o Cerebellar Function: Finger-nose test, heel-shin test, rapid alternating
movements, assessment of gait (tandem gait, Romberg test).®
o Motor and Sensory System: Assess limb strength, tone, reflexes, and
sensation to detect any long tract signs from brainstem compression.

A meticulous neurological baseline is indispensable. It allows for identification of
patients at higher risk for specific intraoperative events (e.g., TCR with CN V
involvement) and postoperative complications (e.g., aspiration with lower CN
palsies), informs the IONM strategy, aids in patient counseling, and serves as the
crucial reference against which any postoperative changes are measured.

Question 5: A patient with a Koos Grade 4 vestibular schwannoma presents for pre-
anesthetic evaluation. Discuss the specific systemic co-morbidities you would screen
for and optimize, and how the presence of brainstem compression or hydrocephalus
might influence your anesthetic risk stratification and preoperative preparation.

Answer:

A Koos Grade 4 vestibular schwannoma, by definition, is a large tumor causing
displacement of the brainstem and cranial nerves.7 This has significant implications
for both neurological status and systemic physiology, necessitating a thorough pre-
anesthetic evaluation focused on co-morbidities and the direct effects of the tumor.
Systemic Co-morbidity Screening and Optimization:

Patients with VS typically present in their fourth to fifth decades or later, an age
group where co-morbidities are more prevalent.3 For a Koos Grade 4 tumor, the

following systemic evaluations are critical:

1. Cardiovascular System:



o Hypertension: Common in this age group and can be exacerbated by
raised ICP or anxiety. Optimal blood pressure control is essential to
maintain cerebral perfusion pressure (CPP) and minimize bleeding.
Antihypertensive medications should be continued perioperatively, with
consideration for agents that do not significantly alter cerebral
hemodynamics or interfere with anesthetic management.

o Ischemic Heart Disease & Arrhythmias: Assess for symptoms,
perform ECG, and consider further cardiac workup (e.g., stress test,
echocardiogram) if risk factors or symptoms are present. Brainstem
compression itself can sometimes lead to preoperative cardiovascular
instability or arrhythmias.®

o Congestive Heart Failure: Evaluate ejection fraction and fluid status.

2. Respiratory System:

o Assess for baseline respiratory disease (e.g., COPD, asthma).

o If lower cranial nerve involvement (CN IX, X) is suspected due to tumor
size or symptoms (dysphagia, hoarseness), there is an increased risk
of chronic micro-aspirations and baseline pneumonitis.® A chest X-ray
or pulmonary function tests may be indicated.

o In patients with Neurofibromatosis Type 2 (NF2), although less
common, pulmonary fibrosis can occur and should be considered.®

3. Renal and Hepatic Function: Baseline assessment is important for drug
selection and dosing, particularly for agents cleared by these organs,
especially in prolonged surgeries.

4. Endocrine System:

o Diabetes Mellitus: Optimize glycemic control to improve wound
healing and reduce infection risk. Steroid administration perioperatively
can exacerbate hyperglycemia.

o Pheochromocytoma: While rare, it can be associated with NF2.° If
symptoms like paroxysmal hypertension, palpitations, or sweating are
present, screening should be considered.

o Hypothalamic-Pituitary Axis: Very large posterior fossa tumors can
rarely affect this axis, potentially leading to diabetes insipidus (DI) or
adrenal insufficiency, though this is less typical for VS unless there's
severe, widespread brainstem and third ventricular distortion. Assess
for polyuria/polydipsia.

5. Hematological System:

o Baseline hemoglobin and coagulation profile. Plan for discontinuation
or bridging of anticoagulant/antiplatelet medications to minimize
intraoperative and postoperative bleeding risk.

6. Medications: A thorough review of all medications, including over-the-counter
drugs and herbal supplements, is essential.

Influence of Brainstem Compression and Hydrocephalus:
The presence of brainstem compression and/or hydrocephalus with a Koos Grade 4
tumor significantly elevates anesthetic risk and dictates specific preoperative

preparations:

1. Increased Intracranial Pressure (ICP):



o Risk Stratification: Patients are at high risk of further ICP elevation or
herniation during anesthetic induction, laryngoscopy, intubation, or with
positive pressure ventilation if ICP is not controlled.

o Preoperative Preparation:

= Neurosurgical Consultation for CSF Diversion: If
symptomatic hydrocephalus or significantly raised ICP is
present, preoperative CSF diversion via an external ventricular
drain (EVD) or, less commonly for acute situations, a
ventriculoperitoneal (VP) shunt may be necessary to stabilize
the patient before definitive tumor resection.'* This reduces the
immediate risk of herniation and can improve the patient's
neurological baseline.

= Pharmacological Management: Preoperative corticosteroids
(e.g., dexamethasone) are often administered to reduce
peritumoral vasogenic edema and alleviate symptoms of raised
ICP. Osmotic agents like mannitol might be considered in acute
scenarios but are more typically used intraoperatively.

= Avoidance of Sedative Premedication: If ICP is high or
consciousness is impaired, sedative premedication that can
cause respiratory depression and hypercapnia (leading to
further ICP rise) should be avoided or used with extreme
caution.

2. Brainstem Dysfunction:

o Risk Stratification: Compression can lead to impaired autonomic
function (labile blood pressure, arrhythmias), compromised airway
protective reflexes (gag, cough due to CN IX, X involvement), and
altered respiratory drive.®

o Preoperative Preparation:

= Detailed Cranial Nerve Assessment: As discussed previously,
meticulous evaluation of CN V, VII, and especially IX, X, XI, Xl
is crucial to identify pre-existing deficits that predict difficult
airway management or high aspiration risk postoperatively.®

= Airway Management Plan: Anticipate a potentially difficult
airway or the need for post-operative ventilatory support if
significant bulbar dysfunction is present.

= Cardiovascular Stability: Expect potential for exaggerated
hemodynamic responses to anesthetic agents and surgical
stimulation. Ensure readiness with vasoactive drugs.

3. Impaired Consciousness or Neurological Deficits:

o Risk Stratification: Altered level of consciousness makes neurological
assessment more challenging and indicates severe intracranial
pathology.

o Preoperative Preparation: Secure airway early if GCS is low. Consent
may need to be obtained from next-of-kin if the patient lacks capacity.

In summary, a Koos Grade 4 VS necessitates a heightened level of vigilance.
Optimization involves managing systemic co-morbidities aggressively and
addressing the direct neurological consequences of the tumor, particularly raised
ICP and brainstem compression, often in collaboration with neurosurgeons for
interventions like CSF diversion prior to tumor surgery.



Question 6: Discuss specific preoperative interventions aimed at improving
postoperative outcomes in vestibular schwannoma surgery, such as measures to
reduce PONV and manage vestibular dysfunction. Elaborate on the principles of
Enhanced Recovery After Surgery (ERAS) as they apply to these patients.

Answer:

Several preoperative interventions can significantly improve postoperative outcomes
in patients undergoing vestibular schwannoma (VS) surgery, primarily by mitigating
common and distressing sequelae like postoperative nausea and vomiting (PONV)
and vestibular dysfunction.

Specific Preoperative Interventions:

1. Management of Vestibular Dysfunction and PONV Prophylaxis:

o Preoperative Intratympanic Gentamicin: There is Level 3 evidence
from the Congress of Neurological Surgeons supporting the
preoperative use of intratympanic gentamicin ablation.*® This
intervention aims to induce a controlled partial loss of semicircular
canal function on the affected side. By creating a stable vestibular
deficit before the acute surgical insult, it can reduce the severity of
postoperative vertigo and dysequilibrium, leading to less PONV and
facilitating earlier mobilization and a shorter recovery period.®

o Preoperative Hyoscine (Scopolamine) Patch: Application of a
transdermal hyoscine patch several hours before surgery is a common
and effective component of multimodal PONV prophylaxis, particularly
useful given the high risk of vestibular-induced PONV after VS
surgery.5

o Vestibular Rehabilitation: Preoperative vestibular rehabilitation
exercises can help patients begin to compensate for existing vestibular
deficits and may improve their ability to cope with postoperative
changes.?®

2. Venous Thromboembolism (VTE) Prophylaxis:

o VS surgery patients are considered high risk for VTE due to prolonged
immobility, potential positioning issues, and the nature of intracranial
surgery.® Preoperative planning should include initiation of mechanical
VTE prophylaxis (e.g., graduated compression stockings, intermittent
pneumatic compression devices) before or at the start of
surgery.® Pharmacological prophylaxis (e.g., low molecular weight
heparin) is typically started postoperatively, usually after a minimum of
24 hours and once surgical hemostasis is deemed secure.®

3. Nutritional Optimization and Metabolic Preparation:

o Preoperative Carbohydrate Loading: As part of ERAS protocols,
providing a clear carbohydrate-rich drink a few hours before surgery
can help reduce postoperative insulin resistance, minimize protein loss,
and improve patient comfort by reducing hunger and thirst.??

o Smoking and Alcohol Abstinence: Patients should be counseled to
cease smoking and excessive alcohol intake well before surgery to



optimize pulmonary function, wound healing, and reduce overall
perioperative risk.??

Enhanced Recovery After Surgery (ERAS) Principles:

ERAS protocols are multidisciplinary, evidence-based pathways designed to reduce
the physiological stress of surgery, accelerate recovery, shorten hospital length of
stay (LOS), and decrease complications and healthcare costs.22 While initially
developed for other surgical specialties, their application in neurosurgery, including
for VS, is growing. Key ERAS elements applicable to VS surgery include:

e Preoperative Phase:

o Patient Education and Counseling: Comprehensive information
about the procedure, expected recovery, and the patient's role in their
recovery.?? This includes managing expectations regarding potential
neurological deficits (hearing loss, facial weakness).

o Functional Status and Nutritional Assessment: Identifying and
addressing frailty or malnutrition.??

o Optimization of co-morbidities.

o The interventions mentioned above (PONV prophylaxis, VTE plan,
carbohydrate loading, smoking/alcohol cessation).

e Intraoperative Phase (Anesthesiologist's Domain):

o Standardized anesthetic protocols (e.g., TIVA to facilitate IONM and
potentially smoother emergence).

o Opioid-sparing analgesic techniques (e.g., multimodal analgesia with
paracetamol, potentially regional scalp blocks if appropriate, judicious
use of remifentanil).

Goal-directed fluid therapy to maintain euvolemia and avoid overload.®
Normothermia maintenance.®

Continued VTE mechanical prophylaxis.

Meticulous surgical technique with focus on nerve preservation.

e Postoperative Phase:

o Effective multimodal PONV management.®
Opioid-sparing analgesia, transitioning to oral agents quickly.®
Early removal of urinary catheter (e.g., within 6-24 hours if
appropriate).??

o Early mobilization and physiotherapy, including vestibular
rehabilitation.2°
Early resumption of oral intake.??

Standardized discharge criteria and planning.??

O O O O

Implementation of ERAS programs for elective craniotomies, which would include VS
resection, has been associated with significant reductions in postoperative LOS,
accelerated functional recovery, and alleviation of postoperative pain, without
increasing complication or readmission rates when compared to conventional
perioperative care.?? The success of ERAS hinges on a collaborative,
multidisciplinary team approach involving surgeons, anesthesiologists, nurses,
therapists, and the patient.



Question 7: What are the key elements you would discuss with a patient during pre-
anesthetic counseling for vestibular schwannoma surgery in the park bench position,
particularly regarding anesthetic risks, positional complications, and IONM?

Answer:

Pre-anesthetic counseling for a patient undergoing vestibular schwannoma (VS)
surgery via a retrosigmoid suboccipital approach in the park bench position is a
crucial component of informed consent and patient preparation. The discussion
should be tailored to the individual patient but must cover general anesthetic risks as
well as those specific to the neurosurgical procedure, the chosen surgical position,
and the use of intraoperative neurophysiological monitoring (IONM).

Key elements to discuss include:

1. General Anesthetic Risks:

o Standard risks associated with any general anesthetic: sore throat from
the breathing tube, nausea and vomiting (emphasizing the higher risk
with VS surgery due to vestibular involvement ©), dental injury, allergic
reactions to drugs, aspiration of stomach contents (especially if risk
factors like GERD or impaired gag reflex are present).

o More serious but rare complications: cardiovascular events (heart
attack, stroke, arrhythmias), respiratory complications (pneumonia,
respiratory failure), awareness under anesthesia, and mortality. These
should be contextualized based on the patient's age and co-
morbidities.

2. Specific Risks Related to Neurosurgery and VS:

o Bleeding: Risk of significant intraoperative or postoperative bleeding,
potentially requiring blood transfusion. Postoperative hematoma in the
posterior fossa is a rare but life-threatening emergency requiring
immediate reoperation.?®

o Cerebrospinal Fluid (CSF) Leak: A common complication (reported
rates 2-30% 26), which may manifest as clear fluid from the wound or
nose, or a persistent salty taste. Explain that it increases the risk of
meningitis and may require further interventions like bed rest, lumbar
drainage, or surgical repair.?’

Infection: Risk of wound infection or meningitis (bacterial or aseptic).?’
Stroke or Vascular Injury: Damage to blood vessels supplying the
cerebellum or brainstem (e.g., AICA, PICA) can lead to stroke.?

o Seizures: Rare after posterior fossa surgery unless complications
arise.

o Hydrocephalus: Potential for new onset or worsening of pre-existing
hydrocephalus, possibly requiring a shunt.4

3. Risks Associated with the Park Bench Position:

o Peripheral Nerve Injury: Explain that care is taken to position and pad
pressure points, but prolonged surgery in the lateral position can lead
to temporary or, rarely, permanent injury to nerves, most commonly the
brachial plexus of the dependent arm (causing pain, weakness, or
numbness) despite use of an axillary roll.?8 Also, risk to peroneal nerve
if legs are not properly padded.



o Pressure Sores: Due to prolonged immobility on specific pressure
points.3!

o Macroglossia (Tongue Swelling): A rare complication associated with
prolonged neck flexion in certain positions, which can cause airway
obstruction after extubation.®* Reassure that positioning is done
carefully to minimize this.

o Cardiovascular and Respiratory Changes: Briefly explain that the
lateral position can affect lung function (V/Q mismatch) and blood
pressure, which will be closely monitored and managed.?®

o Venous Air Embolism (VAE): Explain that this occurs when air enters
a vein, which is a risk in neurosurgery when the surgical site is above
the heart. While the park bench position has a lower risk than the
sitting position, it's not zero.?® Mention that specific monitors (e.g.,
Doppler, capnography) are used to detect it early and that there are
established protocols to manage it.3’

4. Intraoperative Neurophysiological Monitoring (IONM):

o Purpose: Explain that IONM is used to help the surgeon identify and
protect important nerves, primarily the facial nerve (to preserve facial
movement) and the cochlear nerve (to preserve hearing, if
applicable).*® Monitoring may also include pathways in the brainstem.

o Method: Briefly describe that it involves placing small needle
electrodes in muscles (e.g., face for facial nerve) and on the scalp, and
delivering small electrical or sound stimuli.1?

o Anesthetic Implications: Mention that the anesthetic technique will be
tailored to allow for optimal IONM (e.g., minimizing or avoiding muscle
relaxants during critical periods, potentially using TIVA).®

o Limitations: It's important to state that while IONM significantly aids in
nerve preservation, it does not guarantee a perfect outcome. Nerve
function can still be affected despite monitoring.3°

o Risks of IONM: Minimal, mostly related to needle electrode placement
(minor bruising or discomfort).

5. Postoperative Care and Recovery:
Likely ICU stay for at least one night for close monitoring.?°
Common symptoms: Headache, dizziness, nausea, which will be
treated.?°

o Potential for temporary or permanent facial weakness (requiring eye
care) or hearing loss, even with IONM./

Need for vestibular rehabilitation for balance issues.?

The overall goal is to provide a balanced perspective, informing the
patient thoroughly about potential risks while reassuring them about the
measures taken to ensure safety and achieve the best possible
outcome. The discussion should be interactive, allowing the patient to
ask gquestions.

Question 8: Debate the merits of Total Intravenous Anesthesia (TIVA) using
propofol and remifentanil versus a volatile-based anesthetic technique for vestibular
schwannoma surgery requiring comprehensive neurophysiological monitoring.
Discuss the impact of each on cerebral hemodynamics and IONM.



Answer:

The choice between Total Intravenous Anesthesia (TIVA) with propofol and
remifentanil, and a volatile-based anesthetic technique for vestibular schwannoma
(VS) surgery is a critical decision, heavily influenced by the requirements for
intraoperative neurophysiological monitoring (IONM) and the desired cerebral
physiological milieu. Both approaches have distinct advantages and disadvantages.

TIVA (Propofol and Remifentanil):

e Merits:

o

IONM Compatibility: This is a primary advantage. TIVA, particularly
with propofol and an opioid like remifentanil, generally causes less
suppression of motor evoked potentials (MEPS) and cortical
somatosensory evoked potentials (SSEPs) compared to volatile
agents.* This allows for more reliable and sensitive monitoring of
critical motor pathways and the facial nerve if MEPs are utilized for its
assessment. Brainstem auditory evoked potentials (BAEPs) and
electromyography (EMG) are also well-preserved.

Cerebral Hemodynamics: Propofol reduces cerebral metabolic rate of
oxygen (CMRO2), leading to a coupled decrease in cerebral blood flow
(CBF) and cerebral blood volume (CBV). This can result in lower
intracranial pressure (ICP) and improved brain relaxation, which is
highly beneficial in posterior fossa surgery where space is

limited.*® Cerebral perfusion pressure (CPP) is often better maintained
or even increased with TIVA compared to volatiles, especially in
patients with impaired autoregulation.*’ Propofol generally preserves
cerebrovascular reactivity to CO2.

Recovery Profile: Propofol and remifentanil allow for rapid titration
and have short context-sensitive half-times, facilitating a prompt and
smooth emergence, which is crucial for early neurological
assessment.®

PONV Reduction: Propofol possesses intrinsic antiemetic properties,
which can contribute to a lower incidence of postoperative nausea and
vomiting %, a significant issue after VS surgery.

Stable Anesthetic Depth: Continuous infusions can provide a more
stable plane of anesthesia, avoiding the peaks and troughs that might
occur with bolused agents or fluctuating volatile concentrations.

o Demerits:

o

Complexity: Requires infusion pumps and careful pharmacokinetic
understanding. Risk of awareness if infusions are interrupted or
miscalculated, though modern monitoring (e.g., processed EEG)
mitigates this.

Cost: Can be more expensive than volatile agents in terms of drug
costs.

Malignant Hyperthermia (MH): While TIVA is the anesthetic of choice
for MH-susceptible patients, this is not a demerit of TIVA itself but
rather a scenario where it's mandated.*!



Volatile-Based Anesthesia (e.g., Desflurane, Sevoflurane, often with Opioid
Supplementation):

e Merits:

o Ease of Administration: Technically simpler to deliver and titrate
using standard vaporizers. End-tidal monitoring provides a direct
measure of agent concentration.

o Bronchodilation: Can be beneficial in patients with reactive airway
disease.

o Neuroprotection: Some volatile agents may offer a degree of
ischemic preconditioning or neuroprotection, though the clinical
significance in this context is debated. Desflurane, due to its low fat
solubility, allows for rapid emergence, which is advantageous.®

« Demerits:

o |IONM Interference: Volatile agents cause dose-dependent depression
of MEP and SSEP amplitudes and prolongation of latencies.*? This
interference can render MEPs unusable at clinically relevant
concentrations (e.g., >0.5-0.8 MAC). While BAEPs and EMG are
relatively resistant 42, the need for comprehensive monitoring often
makes volatiles less ideal. Even if only BAEP/EMG are used, higher
volatile concentrations needed for surgical stress might subtly affect
these.

o Cerebral Hemodynamics: Volatile agents are cerebral vasodilators,
particularly at concentrations above 0.8-1.0 MAC, or in patients with
impaired autoregulation or pre-existing raised ICP.*® This can lead to
increased CBF, CBV, and ICP, potentially compromising surgical
exposure and CPP.4” While they also reduce CMRO2, the coupling
with CBF is less tight than with propofol, especially at higher doses.

o PONV: Volatile agents are associated with a higher incidence of PONV
compared to propofol-based TIVA.4

o Delayed Emergence: Especially with more soluble agents or after
prolonged administration in obese patients, accumulation in tissues can
delay emergence.®

Debate and Decision-Making:

The consensus for surgeries requiring reliable MEPs and cortical SSEPs, such as
complex spinal surgery or certain intracranial procedures where motor pathways are
at direct risk, strongly favors TIVA. For VS surgery, where facial nerve EMG and
BAEPs are the primary IONM modalities, the choice can be more nuanced. Many
centers preferentially use TIVA to provide the most stable and interference-free
environment for all potential monitoring and due to its favorable cerebral
hemodynamic profile.6 However, some practitioners may use a carefully managed
low-dose volatile technique (e.g., <0.5-0.7 MAC of desflurane or sevoflurane)
supplemented with remifentanil, especially if MEPs are not deemed critical.41 This
approach relies on the relative resistance of BAEPs and EMG to low volatile
concentrations.

Ultimately, the decision should be based on:



The specific IONM modalities required by the surgical team.

The patient's baseline neurological status and ICP.

The anticipated surgical complexity and duration.

Institutional protocols and anesthesiologist experience. Given the paramount
importance of cranial nerve preservation in VS surgery and the benefits of a
stable, relaxed brain, TIVA with propofol and remifentanil is often considered
the optimal technique, offering a superior balance of IONM compatibility and
favorable cerebral physiology. Newer agents like remimazolam are being
explored for TIVA, but propofol remains the mainstay.*®

PwbdPE

Question 9: Detall your strategy for neuromuscular blockade in a patient undergoing
vestibular schwannoma resection with continuous facial nerve EMG monitoring. How
do you balance the need for immobility with the requirements for optimal IONM?

Answer:

The strategy for neuromuscular blockade (NMB) in vestibular schwannoma (VS)
resection requiring continuous facial nerve (CN VII) electromyography (EMG)
monitoring is a critical balancing act. The primary goal is to provide adequate muscle
relaxation for endotracheal intubation and ensure absolute patient immobility during
microsurgery, while simultaneously allowing for reliable, uninterrupted EMG
monitoring of CN VII throughout the critical phases of tumor dissection.

Core Principles of NMB Strategy:

1. Minimize or Avoid NMB During Monitoring: CN VII EMG relies on detecting
electrical activity in facial muscles, either spontaneously (due to nerve
irritation) or in response to direct electrical stimulation by the surgeon.® The
presence of significant NMB will abolish or severely attenuate these EMG
responses, rendering the monitoring ineffective and potentially increasing the
risk of iatrogenic nerve injury.®

2. Facilitate Optimal Intubating Conditions: Endotracheal intubation typically
requires NMB to ensure laryngeal relaxation and prevent vocal cord injury or
patient movement.

3. Ensure Patient Immobility: Any patient movement during microsurgery in
the cerebellopontine angle can have catastrophic consequences. Immobility
must be guaranteed.

Detailed NMB Strategy:

1. Pre-induction Discussion: Clear communication with the surgical team and
IONM technologist is essential to confirm the plan for CN VII EMG monitoring
and the need to avoid NMB during dissection.

2. Induction and Intubation:

o A short-acting neuromuscular blocking agent is preferred. Options
include:
= Succinylcholine: Provides rapid onset and short duration, but
has well-known side effects (fasciculations, potential for



hyperkalemia, MH trigger). Its use allows for relatively quick
return of neuromuscular function.

= Rocuronium: A non-depolarizing agent. A standard intubating
dose (e.g., 0.6-1.2 mg/kg) can be used. Its duration will be
longer than succinylcholine, but it can be reversed with
sugammadex if absolutely necessary, though the goal is usually
to allow it to wear off naturally before critical monitoring begins.
If using rocuronium, a lower dose that still provides acceptable
intubating conditions might be considered to shorten its duration.

o The choice depends on patient factors and anesthesiologist
preference. The key is that the effect should be waning or absent by
the time CN VII dissection commences.

3. Maintenance of Anesthesia and Immobility (Post-Intubation):

o No Further NMB Infusions or Boluses: Once intubation is achieved,
further administration of NMBs is generally avoided for the remainder
of the surgery, especially during periods of nerve dissection.®

o Reliance on Anesthetic Depth and Opioids: Patient immobility and
tolerance of the endotracheal tube are maintained by ensuring an
adequate depth of general anesthesia (using either TIVA with
propofol/remifentanil or a carefully titrated volatile agent with
remifentanil).® Remifentanil, with its potent analgesic and sedative-
sparing effects, is particularly useful for blunting responses to surgical
stimuli and providing tube tolerance without resorting to NMBs.6

o Monitoring Neuromuscular Function: If a non-depolarizing relaxant
was used for intubation, neuromuscular function should be monitored
using a peripheral nerve stimulator (e.g., train-of-four (TOF) monitoring)
at a site remote from the surgical field (e.g., ulnar nerve at wrist,
posterior tibial nerve at ankle). The goal is to confirm complete
recovery (TOF ratio >0.9) before the surgeon begins dissection near
CN VII. This information should be communicated to the surgeon and
IONM team.

4. Managing Intraoperative Movement or Bucking:

o If the patient moves or coughs/bucks on the tube during surgery
(despite seemingly adequate anesthetic depth), the first step is to
deepen the anesthesia with the primary agents (e.g., increase
propofol/remifentanil infusion rates, transiently increase volatile
concentration if used).

o Administering additional NMB is a last resort and must be a
collaborative decision with the surgeon, as it will temporarily abolish
EMG monitoring. If deemed absolutely necessary, a very small, titrated
dose of a short-acting non-depolarizing agent might be used, with full
awareness of the period of lost monitoring.

5. End of Surgery and Emergence:

o If NMB was strictly avoided after intubation, no reversal is needed.

o If any NMB was given later in the case (which is undesirable), ensure
complete reversal or wear-off before extubation, guided by
neuromuscular monitoring.

Balancing Immobility and IONM:



The balance is achieved by:

« Pharmacological Strategy: Using a single dose of a short-acting NMB for
intubation only. Relying on potent, titratable general anesthetic agents
(propofol, remifentanil, or low-dose volatile) to ensure immobility and suppress
airway reflexes during the maintenance phase.®

« Communication: Constant dialogue between the anesthesiologist, surgeon,
and IONM technologist regarding the NMB status and the timing of critical
nerve dissection.

e Monitoring: Objective monitoring of neuromuscular function if non-
depolarizing relaxants are used for intubation.

This approach, while demanding meticulous anesthetic management, allows for the
optimal conditions for both safe surgery (immobile patient) and effective cranial
nerve preservation (reliable EMG monitoring). The lowa Protocols, for example,
specify general anesthesia without muscle relaxant after an initial dose for
intubation.*?

Question 10: Discuss the role and rationale for using anesthetic adjuvants such as
dexmedetomidine and specific anticholinergics during vestibular schwannoma
surgery. How might these agents contribute to hemodynamic stability and improved
recovery?

Answer:

Anesthetic adjuvants play a significant role in optimizing the perioperative course for
patients undergoing vestibular schwannoma (VS) surgery. Dexmedetomidine and
anticholinergics are two such classes of drugs with distinct rationales for their use.

Dexmedetomidine:

Dexmedetomidine is a highly selective alpha-2 adrenergic agonist with sedative,
analgesic, anxiolytic, and sympatholytic properties.49 Its role in VS surgery is
multifaceted:

1. Hemodynamic Stability:

o Blunting Stress Response: Neurosurgical stimuli, such as Mayfield
pin application, skin incision, and bone drilling, can provoke significant
hypertensive and tachycardic responses.®Dexmedetomidine, through
its central sympatholytic action, can attenuate these responses, leading
to smoother hemodynamics and reducing the need for high doses of
primary anesthetic agents or antihypertensive drugs.®

o Opioid and Anesthetic Sparing: It reduces the requirements for both
volatile anesthetics (MAC reduction) and opioids, which can be
beneficial in maintaining stable hemodynamics with less cardiovascular
depression and facilitating faster emergence.*?

2. Facilitation of IONM: By reducing the need for high concentrations of primary
anesthetic agents (which can suppress IONM signals), dexmedetomidine can



indirectly help optimize conditions for neurophysiological monitoring. It has
minimal effects on SSEP and MEP signals at typical sedative doses.

3. Improved Recovery Quality:

o Sedation without Respiratory Depression: Dexmedetomidine
provides a unique form of cooperative sedation, where patients are
rousable yet calm. It causes minimal respiratory depression, which is
advantageous for neurosurgical patients where hypercapnia must be
avoided.

o Analgesia: It has intrinsic analgesic properties, contributing to better
postoperative pain control and reducing opioid consumption.4°

o Reduced Postoperative Delirium/Agitation: Some evidence
suggests dexmedetomidine may reduce the incidence of emergence
agitation and postoperative delirium, contributing to a smoother
recovery.

4. Potential Neuroprotection: Preclinical studies suggest dexmedetomidine
may offer neuroprotective effects through mechanisms like reducing cerebral
inflammation and apoptosis, though clinical evidence in VS surgery is still
evolving.4°

5. Usein Opioid-Tolerant Patients: It can be particularly useful as an adjunct
in patients with opioid tolerance, where achieving adequate anesthesia and
analgesia with conventional agents can be challenging.*®

Dexmedetomidine is typically administered as a loading dose followed by a
continuous infusion. Caution is advised regarding potential bradycardia and
hypotension, especially with rapid loading doses or in hypovolemic patients.

Anticholinergics (Glycopyrrolate, Atropine):

The primary role of anticholinergics in VS surgery is the management of bradycardia,
particularly that associated with the Trigeminocardiac Reflex (TCR).6

1. Mechanism of Action: They act as competitive antagonists of acetylcholine
at muscarinic receptors in the sinoatrial node of the heart, thereby blocking
vagal efferent activity and increasing heart rate.

2. Management of TCR: TCR is a common reflex during skull base surgery,
triggered by stimulation of the trigeminal nerve, leading to bradycardia,
hypotension, and sometimes asystole.>° While the first step in managing TCR
is immediate cessation of surgical stimulus 8, anticholinergics are
administered if bradycardia is severe, persistent, or hemodynamically
compromising.

3. Choice of Agent:

o Glycopyrrolate: Often preferred over atropine.® Glycopyrrolate is a
guaternary ammonium compound that does not readily cross the
blood-brain barrier (BBB). This minimizes central anticholinergic side
effects such as confusion, agitation, or exacerbation of central
cholinergic syndrome, which are undesirable in the postoperative
period when neurological assessment is critical.® Typical dose: 0.2-0.4
mg IV.

o Atropine: A tertiary amine that crosses the BBB, potentially causing
central side effects. It has a faster onset than glycopyrrolate. Typical



dose: 0.4-1.0 mg IV. It may be used if glycopyrrolate is ineffective or
unavailable.

4. Prophylactic Use: Routine prophylactic administration of anticholinergics is
generally not recommended due to potential side effects (tachycardia, dry
mouth) and the fact that TCR is often transient and resolves with stimulus
cessation. They are typically reserved for therapeutic intervention.

5. Reduction of Secretions: Anticholinergics also reduce salivary and bronchial
secretions, which can be beneficial, although this is usually a secondary
consideration in this context.

In summary, dexmedetomidine offers benefits in terms of hemodynamic stability,
anesthetic sparing, and potentially improved recovery quality, making it a valuable
adjunct for long and stimulating VS surgeries. Anticholinergics are essential for the
acute management of reflex bradycardia, with glycopyrrolate being the preferred
agent due to its peripheral selectivity. Judicious use of these adjuvants can
significantly contribute to a smoother perioperative course and better patient
outcomes.

Question 11: Elaborate on the multifaceted approach to achieving brain relaxation
and managing intracranial pressure (ICP) in a patient undergoing posterior fossa
surgery for a large vestibular schwannoma. Discuss pharmacological and
physiological maneuvers.

Answer:

Achieving adequate brain relaxation and managing intracranial pressure (ICP) are
paramount objectives in the anesthetic management of a patient undergoing
posterior fossa surgery for a large vestibular schwannoma (VS). The posterior fossa
is a confined, non-compliant space, and even small increases in volume (from tumor,
edema, blood, or CSF) can lead to significant ICP elevation, brainstem compression,
and compromised surgical access.16 A multifaceted approach involving both
physiological and pharmacological maneuvers is essential.

Goals of ICP Management and Brain Relaxation:

« Maintain ICP within acceptable limits (e.g., < 15-20 mmHQg).

e Ensure adequate cerebral perfusion pressure (CPP = Mean Arterial Pressure
- ICP or Central Venous Pressure, whichever is higher), typically targeting >
60-70 mmHg.4®

e Provide a "slack" brain to optimize surgical exposure, minimize the need for
cerebellar retraction, and reduce the risk of retraction-induced injury.

Physiological Maneuvers:

1. Patient Positioning:

o Head Elevation: Elevating the head of the bed to 15-30 degrees (as
compatible with surgical access, e.g., in park bench or supine
positions) promotes cerebral venous drainage via the jugular veins,
thereby reducing intracranial venous volume and ICP.52



o Neutral Head Position (Avoiding Neck Constriction): Ensure the
neck is not excessively flexed, rotated, or laterally bent in a way that
obstructs jugular venous outflow.® This is particularly important in the
park bench position.

2. Ventilation Strategy (PaCO2 Control):

o Normocapniato Mild Hypocapnia: Maintaining PaCO2 in the range
of 30-35 mmHg (mild hypocapnia) causes cerebral vasoconstriction,
reducing cerebral blood flow (CBF) and thereby ICP.>2 This must be
carefully balanced, as aggressive or prolonged hyperventilation
(PaCO2 < 30 mmHg) can lead to excessive vasoconstriction, cerebral
ischemia, and may adversely affect IONM signals.*?> Hypercarbia
(PaCO2 > 45 mmHg) causes cerebral vasodilation and markedly
increases ICP and must be avoided.®

3. Maintenance of Normoxia: Hypoxia (PaO2 < 60 mmHg) is a potent cerebral
vasodilator and will increase ICP; it must be rigorously prevented.
4. Hemodynamic Management:

o Blood Pressure Control: Maintain MAP at a level sufficient to ensure
adequate CPP, avoiding hypertension (which can increase CBF and
edema formation if autoregulation is impaired) and hypotension (which
compromises CPP).

5. Temperature Control:

o Normothermia: Avoid hyperthermia, as fever increases cerebral
metabolic rate (CMRO2), CBF, and ICP, and is detrimental to injured
brain tissue.® Hypothermia can slow CMRO2 but also has side effects
(coagulopathy, delayed drug metabolism, shivering on emergence
which increases ICP) and can affect IONM.#2

Pharmacological Maneuvers:

1. Anesthetic Agents:

o Propofol: Preferred by many for TIVA in neurosurgery. It
reduces CMRO2, leading to a coupled decrease in CBF and ICP, and
helps provide brain relaxation.4®

o Volatile Anesthetics: Use with caution, especially at concentrations
>0.8-1.0 MAC, as they can cause cerebral vasodilation and increase
ICP, particularly in patients with compromised intracranial compliance
or impaired autoregulation.*6

o Opioids (e.g., Remifentanil, Fentanyl): Minimal direct effect on ICP at
appropriate doses but can contribute to ICP elevation if they cause
respiratory depression and hypercapnia. They help blunt responses to
noxious stimuli.

o Avoid Ketamine (Generally): Traditionally thought to increase ICP,
though this is controversial and context-dependent. Generally avoided
in patients with known or suspected raised ICP.

2. Osmotic Diuretics:

o Mannitol: The mainstay osmotic agent. Dose: 0.25-1.0 g/kg 1V,
administered 20-30 minutes before dural opening. It creates an osmotic
gradient, drawing water from brain parenchyma (especially normal
brain) into the intravascular compartment, thereby reducing brain bulk
and ICP.5?



= Considerations: Administer slowly to avoid hypotension. Monitor
serum osmolality (keep <320 mOsm/kg) and electrolytes
(hypokalemia, hyponatremia). Rebound ICP elevation can
occur. Effectiveness depends on an intact blood-brain barrier.
3. Loop Diuretics:

o Furosemide: Dose: 0.1-1.0 mg/kg IV. Can be used alone or
synergistically with mannitol. It reduces CSF production by inhibiting
carbonic anhydrase and also has systemic diuretic effects. May be
preferred if fluid overload is a concern or if mannitol is contraindicated.

4. Corticosteroids:

o Dexamethasone: Dose: e.g., 4-10 mg IV. Primarily effective in
reducing vasogenic edema surrounding tumors. Its effect on ICP is not
immediate but develops over hours to days. Often started
preoperatively and continued postoperatively.

5. Cerebrospinal Fluid (CSF) Drainage:

o External Ventricular Drain (EVD): If significant hydrocephalus is
present, an EVD placed preoperatively or intraoperatively allows for
controlled drainage of CSF, directly reducing ICP and improving brain
relaxation.4

o Lumbar Drain: Can be used intraoperatively to facilitate brain
relaxation by draining CSF, or postoperatively to reduce pressure on
the dural closure and minimize CSF leak risk.'? Its use in the presence
of a large posterior fossa mass with potential for tonsillar herniation
(pre-decompression) is controversial and requires careful
consideration.

6. Neuromuscular Blockade: Adequate muscle relaxation prevents coughing,
straining, or movement, all of which can acutely increase ICP. However, this
must be balanced with IONM requirements.

This comprehensive strategy, tailored to the individual patient's condition and
intraoperative findings, is crucial for optimizing surgical conditions, protecting the
brain, and facilitating a successful outcome in posterior fossa surgery for large VS.
Continuous communication between the anesthesiologist and surgeon regarding
brain conditions and ICP management is vital.

Question 12: The park bench position is chosen for a retrosigmoid approach to a
vestibular schwannoma. Describe the potential physiological derangements
associated with this position and detail your anesthetic strategies to prevent and
manage complications such as V/Q mismatch, cardiovascular instability, and
peripheral nerve injuries.

Answer:

The park bench position, a modified lateral decubitus position, is frequently utilized
for retrosigmoid suboccipital approaches to the cerebellopontine angle (CPA) for
vestibular schwannoma (VS) resection.35 While offering good surgical exposure and
potentially reducing brainstem manipulation and venous air embolism (VAE) risk
compared to the sitting position 28, it introduces several physiological derangements
and potential complications that require meticulous anesthetic management.



Potential Physiological Derangements and Complications:

1. Respiratory System:
Ventilation/Perfusion (V/Q) Mismatch: This is the most significant
respiratory consequence.?8
= Derangement: In the lateral decubitus position under general
anesthesia and paralysis, the dependent lung receives greater
perfusion (due to gravity) but may have reduced ventilation (due
to compression by mediastinal contents and abdominal pressure
on the diaphragm). Conversely, the non-dependent lung is
better ventilated but less perfused. This leads to an increase in
physiological dead space and potential for hypoxemia and
hypercapnia if not managed appropriately.
= Anesthetic Strategy:

o

o

o

Use of positive end-expiratory pressure (PEEP) on the
dependent lung (or differential lung ventilation in extreme
cases, though rarely needed for VS surgery).

Optimize tidal volume and respiratory rate to maintain
normocapnia and adequate oxygenation, guided by
capnography and pulse oximetry.

Consider recruitment maneuvers if atelectasis is
suspected.

Ensure FiO2 is adequate.

Decreased Functional Residual Capacity (FRC) and
Compliance: Compression of the dependent lung and chest wall can
reduce FRC and overall lung compliance.?®

= Anesthetic Strategy: PEEP can help restore FRC. Monitor

airway pressures.

2. Cardiovascular System:
Hypotension: Can occur due to venous pooling in the dependent
extremities, reducing venous return and cardiac output, especially if
intravascular volume is not maintained.?® Flexion of the hips can also
compress the inferior vena cava or femoral veins, further impeding
venous return.?8

= Anesthetic Strategy:

Ensure adequate preoperative hydration and maintain
euvolemia intraoperatively with goal-directed fluid
therapy.

Use of graduated compression stockings or intermittent
pneumatic compression devices on the legs.

Position changes should be made slowly.

Prompt treatment of hypotension with fluids and
vasopressors (e.g., phenylephrine, ephedrine) as
needed.

Invasive arterial blood pressure monitoring is essential for
continuous assessment.®

Altered Cerebral Perfusion Pressure (CPP): Head position relative to
the heart influences CPP. The arterial transducer should be zeroed at
the level of the external auditory meatus (Circle of Willis) for accurate
CPP estimation.



3. Neurological System (Central and Peripheral):

o Increased Intracranial Pressure (ICP): Extreme flexion or rotation of
the neck to optimize surgical exposure can kink or compress the
internal jugular veins, impeding cerebral venous drainage and
passively increasing ICP.%8

= Anesthetic Strategy: Careful head and neck positioning,
ensuring no excessive flexion or rotation. Communicate with
surgeons to achieve a balance between surgical exposure and
physiological safety. Standard ICP management techniques (as
discussed previously) should be employed.

o Peripheral Nerve Injuries:

= Brachial Plexus Injury (Dependent Arm): Compression or
stretching of the brachial plexus in the dependent axilla is a
significant risk.?8
= Prevention: Proper placement of an appropriately sized
axillary roll just caudal to the axilla (on the chest wall) to
lift the thorax and relieve pressure on the axillary
neurovascular bundle.?® Avoid excessive abduction (>90
degrees) or traction on the dependent arm. Ensure the
head is not laterally flexed towards the non-dependent
side, which can stretch the dependent plexus.
= Ulnar Nerve Injury (Non-dependent Arm): If the non-
dependent arm is improperly padded or positioned.
= Prevention: Pad all pressure points, especially elbows.
Support the arm in a neutral position.
= Common Peroneal Nerve Injury: Compression against the
operating table or supports if legs are not carefully padded,
especially the dependent leg at the fibular head.
= Prevention: Pad between the knees and ankles; ensure
no direct pressure on the fibular head.

o Venous Air Embolism (VAE): Although lower risk than in the sitting
position, VAE can still occur if a venous channel (dural sinus, emissary
vein, bone) is opened and the surgical site is above the level of the
right atrium.2®

= Anesthetic Strategy: Maintain vigilance. Use appropriate
monitoring (precordial Doppler, end-tidal CO2). Be prepared for
standard VAE management protocols.
4. Other Positional Complications:
o Pressure Sores: On dependent ear, face, shoulder, hip, knee, ankle
due to prolonged immobility.3!
= Prevention: Meticulous padding of all pressure points with
appropriate materials (gel pads, foam). Regular (if possible)
checks for pressure areas, though difficult once draped.
Minimize surgical duration where feasible.

o Macroglossia: Rare, but can result from venous and lymphatic
congestion due to prolonged, extreme neck flexion and pressure from
the endotracheal tube or oral packing.33

= Prevention: Avoid extreme, prolonged neck flexion. Ensure ETT
is not kinking or causing undue pressure on the tongue base.
Minimize use of oral packs. Be vigilant at extubation.



Successful management in the park bench position requires a proactive approach,
meticulous attention to positioning details, continuous monitoring of respiratory and
cardiovascular parameters, and prompt intervention for any derangements. Excellent
communication within the entire perioperative team is crucial.

Question 13: What specific measures would you implement to prevent and manage
macroglossia and pressure-related injuries in a patient undergoing a prolonged
vestibular schwannoma surgery in the park bench position?

Answer:

Prolonged vestibular schwannoma surgery in the park bench position carries
inherent risks of macroglossia and pressure-related injuries. Prevention is
paramount, requiring meticulous attention to detail during patient positioning and
intraoperative management.

Prevention and Management of Macroglossia:

Macroglossia, or tongue swelling, is a rare but potentially life-threatening
complication that can occur after posterior fossa surgery, particularly in positions
involving significant or prolonged neck flexion, such as some variations of the park
bench or sitting positions.33 The presumed etiology is venous and/or lymphatic
obstruction leading to congestion and edema of the tongue.34

Preventive Measures for Macroglossia:

1. Optimal Head and Neck Positioning:

o Avoid Extreme Neck Flexion: While some neck flexion is necessary
for surgical exposure in the park bench position, extreme or prolonged
flexion ("chin-to-chest") should be avoided as it can compress the
venous and lymphatic drainage pathways of the tongue and floor of
mouth.33 The degree of flexion should be the minimum necessary for
adequate surgical access, and this should be a point of discussion with
the surgical team.

o Maintain Midline Alignment where Possible: Avoid excessive lateral
rotation or tilt if it contributes to vascular compromise.

o Periodic Repositioning (if feasible): In exceptionally long
procedures, if surgically permissible, brief, minor adjustments to relieve
constant pressure might be considered, though this is often impractical.

2. Endotracheal Tube (ETT) Management:

o Secure ETT without Undue Pressure: Ensure the ETT is well-
secured but not kinking or exerting excessive pressure on the base of
the tongue or surrounding soft tissues. An armored (reinforced) ETT is
typically used to prevent kinking with neck flexion.16

o Bite Block: Use an appropriate bite block to prevent ETT occlusion,
but ensure it's not contributing to tongue compression.

3. Oral Packing:

o Avoid Routine or Excessive Oral Packing: If throat packs are used

(e.g., to absorb secretions or blood), they should be placed carefully,



4.

not too tightly, and their necessity regularly reassessed.3*Some authors

recommend avoiding them altogether if macroglossia is a concern.3
Maintain Adequate Perfusion: Ensure adequate systemic mean arterial
pressure to maintain tissue perfusion, although the primary mechanism for
macroglossia here is usually obstructive rather than ischemic.
Surgical Duration: While often unavoidable, minimizing surgical duration
where possible can reduce the time tissues are subjected to compressive
forces.

Management of Macroglossia (if it occurs):

Early Recognition: Macroglossia may be noticed at the end of surgery when
drapes are removed or immediately post-extubation.®® The tongue appears
swollen, firm, and may protrude from the mouth.

Airway Assessment: This is the priority. Assess for airway obstruction
(stridor, desaturation).

Delayed Extubation or Re-intubation: If significant macroglossia is present,
extubation should be deferred. If already extubated and airway compromise
occurs, prompt re-intubation may be necessary, which can be extremely
difficult. Have a difficult airway cart readily available. Consider fiberoptic
intubation.

Corticosteroids: High-dose intravenous corticosteroids (e.g.,
dexamethasone) may help reduce edema.

Diuretics: May be considered to reduce systemic fluid.

Elevate Head of Bed: To promote venous drainage.

Supportive Care: Maintain oxygenation. In severe cases, a temporary
tracheostomy might be required if the airway cannot be secured or prolonged
intubation is anticipated.

The swelling usually resolves over several days with supportive care.

Prevention and Management of Pressure-Related Injuries:

Pressure injuries (ulcers) are a significant risk in long surgeries, especially in
positions like the park bench where body weight is concentrated on limited surface
areas.31

Preventive Measures for Pressure Injuries:

1.

Meticulous Padding: This is the cornerstone of prevention.3!

o Specialized Mattresses/Overlays: Use pressure-redistributing
surfaces on the operating table where possible.3?

o Dependent Areas: Pay extreme attention to padding the dependent
ear (use a doughnut or cut-out pad to relieve pressure on the pinna),
face, shoulder, axilla (with a properly placed axillary roll caudal to the
axilla 2), iliac crest, greater trochanter, knees (especially the fibular
head of the dependent leg), and ankles.

o Material: Use gel pads, foam supports, or other specialized pressure-
relieving materials.

Correct Positioning:



o Ensure limbs are in a neutral, supported position, avoiding direct
pressure on bony prominences or neurovascular structures.

o The dependent arm should be supported on an armboard, with the
axilla free.®°

o Pad between the knees and ankles.

3. Skin Assessment: Inspect the skin preoperatively for any existing areas of
breakdown. Document skin condition.

4. Minimize Shear and Friction: During positioning and any intraoperative
adjustments, lift rather than drag the patient.

5. Temperature and Moisture Control: Keep the skin dry. Hypothermia can
reduce tissue perfusion and increase pressure injury risk, while excessive
moisture can lead to maceration.

6. Limit Surgical Duration: Where feasible, though often dictated by surgical
complexity. Some studies note increased risk if surgery exceeds 6 hours.3?

7. Nutritional Status: Preoperative optimization of nutrition can improve tissue
tolerance, though this is more relevant for elective cases with lead time.

Management of Pressure Injuries (if they occur):

o Early Detection: Inspect all pressure areas thoroughly at the end of surgery
when drapes are removed and during postoperative care.

e Staging and Documentation: Stage the injury according to standard
classifications (e.g., NPIAP).

e Local Wound Care: Implement appropriate wound care protocols based on
the stage of the injury (e.g., pressure-relieving dressings, debridement if
necessary).

o Offloading: Continue to offload pressure from the affected area
postoperatively.

o Consultation with wound care specialists if needed.

A proactive, systematic approach to positioning and padding, coupled with
awareness of the risks of macroglossia, is essential to minimize these preventable
complications during prolonged park bench surgery. The entire surgical team shares
responsibility for patient safety in positioning.

Question 14: Detall the principles, application, and interpretation of intraoperative
neurophysiological monitoring for cranial nerves VIl (facial) and VIII (auditory
component) during vestibular schwannoma surgery. What are the typical alarm
criteria, and how do anesthetic agents influence these modalities?

Answer:

Intraoperative neurophysiological monitoring (IONM) is an indispensable tool in
vestibular schwannoma (VS) surgery, aimed at identifying and preserving the
functional integrity of cranial nerves VIl (facial) and VIII (cochlear component of
vestibulocochlear), thereby minimizing postoperative neurological deficits.38

Cranial Nerve VIl (Facial Nerve) Monitoring:



e Principle: To detect proximity to or irritation of the facial nerve during surgical
dissection.
e Application:

o Spontaneous Electromyography (EMG): Recording electrodes
(typically fine needle electrodes) are placed in facial muscles
innervated by different branches of CN VII, commonly the orbicularis
oculi (superior division) and orbicularis oris (inferior
division).*? Continuous monitoring for spontaneous EMG activity
(neurotonic discharges).

= Interpretation: Bursts, trains, or sustained activity indicate
mechanical irritation or thermal stress to the nerve, alerting the
surgeon to modify their technique or pause dissection.

o Triggered EMG (Direct Nerve Stimulation): The surgeon uses a
handheld stimulating probe (monopolar or bipolar) with controlled
current intensity (e.g., 0.05 mA to 2.0 mA) to map the course of the
facial nerve, especially when its anatomy is distorted by the tumor, and
to assess its integrity at the end of resection.3®

= Interpretation: A muscle response (compound muscle action

potential, CMAP) in the monitored facial muscles upon
stimulation confirms the structure is the facial nerve. The
threshold current required to elicit a response is critical; a low
threshold (e.g., <0.05 - 0.2 mA) at the brainstem exit zone at the
end of surgery generally correlates with good postoperative
facial function.®® A progressive increase in threshold or decrease
in CMAP amplitude with repeated stimulation at the same site
may indicate evolving nerve injury.3°

o Alarm Criteria (Qualitative and Quantitative):

o Spontaneous EMG: Any sustained or repetitive high-frequency
neurotonic discharge is an immediate warning.

o Triggered EMG: Inability to elicit a response at expected locations, a
significant increase in stimulation threshold needed to obtain a
response, or a marked decrease (>50%) in CMAP amplitude compared
to baseline or previous responses at a similar location.

e Anesthetic Influence:

o Neuromuscular Blockade (NMB): Must be avoided or allowed to
completely wear off after intubation, as NMBs abolish EMG activity,
rendering the monitoring useless.® This is the most critical anesthetic
consideration for facial EMG.

o Volatile Anesthetics & TIVA: Generally have minimal clinically
significant effects on peripheral nerve excitability or EMG responses at
typical concentrations, provided NMB is absent.

Cranial Nerve VIl (Vestibulocochlear Nerve - Auditory Component) Monitoring:

e Principle: To monitor the integrity of the auditory pathway from the cochlea
through the cochlear nerve to the brainstem.
e Application:
o Brainstem Auditory Evoked Potentials (BAEPS) / Auditory
Brainstem Responses (ABRs):Repetitive click stimuli are delivered to
the ipsilateral ear via an insert earphone. Recording electrodes are



placed on the scalp (e.g., vertex Cz, ipsilateral mastoid Ai, contralateral
mastoid Ac).'® Multiple responses are averaged to extract
characteristic waveforms (Waves |-V). Wave | originates from the distal
cochlear nerve, Wave Il from the cochlear nucleus/superior olivary
complex, and Wave V from the lateral lemniscus/inferior colliculus.
= Interpretation: Changes in latency and amplitude of these
waves, particularly Wave V and the I-V interpeak latency, reflect
the functional status of the auditory pathway.

o Direct Cochlear Nerve Action Potentials (CNAP): A recording
electrode is placed directly on the cochlear nerve near the brainstem
by the surgeon. This provides a more direct and often more sensitive
measure of cochlear nerve function than scalp-recorded BAEPS but is
technically more demanding.®

e Alarm Criteria (Quantitative):

o BAEPs: A persistent increase in the absolute latency of Wave V by
>1.0 ms (or >10% from baseline) and/or a decrease in the amplitude of
Wave V by >50% from baseline are commonly considered significant
warning criteria.*? Loss of all waves is a critical alert. Trends are very
important.

e Anesthetic Influence:

o Volatile Anesthetics: BAEPs are relatively resistant to volatile
anesthetics at clinical concentrations (<1.0-1.5 MAC) compared to
MEPs or cortical SSEPs.*? However, high concentrations can cause
some increase in latency and decrease in amplitude.

o TIVA (Propofol): Generally has minimal effect on BAEPs, making it a
favorable technique.*

Opioids: Minimal effect.*?
Hypothermia: Can significantly prolong latencies and decrease
amplitudes of all waves.*?Maintaining normothermia is crucial.

o Hypotension: Severe hypotension compromising cochlear blood flow
can lead to BAEP changes.

General Considerations for IONM Interpretation and Anesthetic Management:

« Baseline Recordings: Stable baseline signals must be obtained after
induction and positioning but before surgical incision.

« Communication: Continuous communication between the surgeon,
anesthesiologist, and neurophysiologist is vital. Any significant change in
IONM signals should prompt immediate notification of the surgeon, who may
pause dissection. The anesthesiologist must then rapidly assess and correct
any physiological or anesthetic factors that could be contributing (e.g.,
hypotension, hypothermia, hyperventilation, change in anesthetic depth).*?

e Multimodal Monitoring: Often, other modalities like SSEPs (to monitor
general brainstem function) or trigeminal nerve EMG are used concurrently.3°

o Limitations: IONM is a valuable adjunct but not foolproof. Good signals at the
end of surgery generally correlate with good outcomes, but neurological
deficits can still occur (e.g., due to delayed swelling or vascular compromise),
and transient changes may not always lead to permanent deficits.3°



The anesthetic technique must be chosen and managed to provide optimal
conditions for reliable IONM, which usually involves TIVA or a very carefully
controlled low-dose volatile technique, strict avoidance of NMB during critical
monitoring periods, and maintenance of physiological homeostasis.

Question 15: During dissection near the trigeminal nerve in a retrosigmoid approach
for vestibular schwannoma, the patient develops sudden severe bradycardia (Heart
Rate drops from 70 to 35 bpm) and hypotension (Mean Arterial Pressure drops from
75 to 50 mmHg). Describe your immediate diagnostic considerations and stepwise
management of this critical event.

Answer:

This scenario is highly suggestive of the Trigeminocardiac Reflex (TCR), a well-
described brainstem reflex commonly encountered during skull base surgery,
including vestibular schwannoma resection when there is manipulation near the
trigeminal nerve (CN V) or its pathways.6

Immediate Diagnostic Considerations:

1. Trigeminocardiac Reflex (TCR): This is the most likely diagnosis given the
context (dissection near CN V) and the classic presentation of sudden
bradycardia and hypotension.®° The afferent limb is CN V, synapsing in the
trigeminal sensory nucleus, with connections to the reticular formation and
efferent output via the vagus nerve (CN X) to the heart.*°

2. Other Brainstem Reflexes: Manipulation of other lower cranial nerves (IX, X)
or direct brainstem pressure can also cause bradycardia and hypotension,
though TCR is specifically linked to CN V.

3. Venous Air Embolism (VAE): While VAE often presents with a drop
in EtCO2 and potentially tachycardia initially, a massive VAE can cause
cardiovascular collapse with bradycardia as a late sign. This should be
considered, especially if other signs of VAE are present (e.g., mill-wheel
murmur, desaturation).

4. Anesthetic Overdose: Unlikely to be so sudden and profound if anesthetic
delivery has been stable, but should be mentally checked.

5. Hypoxemia: A critical drop in oxygen saturation can lead to bradycardia, but
this would usually be preceded by desaturation on the pulse oximeter.

6. Myocardial Ischemia/lnfarction: Less likely to be so acutely stimulus-related
but possible in a patient with risk factors.

Stepwise Management:

1. Alert the Surgeon Immediately and Request Cessation of Surgical
Manipulation: This is the single most critical first step.® The reflex is often
stimulus-dependent, and removal of the stimulus frequently leads to rapid
resolution. Verbally confirm that manipulation has stopped.

2. Confirm Airway, Oxygenation, and Ventilation:

o Ensure the airway is patent.
o Administer 100% oxygen.>!



o

Confirm adequate ventilation and check EtCO2 (a sudden drop might
suggest VAE or profound circulatory collapse).

3. Pharmacological Intervention for Hemodynamic Support (if reflex
persists or is severe):

o

o

@)

Anticholinergics for Bradycardia:
= Administer Glycopyrrolate 0.2 - 0.4 mg IV.® This is preferred
due to its lower blood-brain barrier penetrance, avoiding central
anticholinergic effects.®
= If glycopyrrolate is unavailable or ineffective, Atropine 0.4 - 1.0
mg IV can be used.®
= Repeat doses as necessary, up to a maximum (e.g., 3 mg for
atropine).
Vasopressors for Hypotension:
= If hypotension persists despite heart rate improvement or is
profound, administer a rapid-acting vasopressor such
as Ephedrine 5-10 mg IV (if bradycardia is also present and
anticholinergics are taking effect) or Phenylephrine 50-100
mcg IV (if heart rate is less of an issue or if tachycardia
develops post-atropine).
Epinephrine (Adrenaline) for Asystole or Refractory
Bradycardia/Hypotension: If asystole occurs or
bradycardia/hypotension is life-threatening and unresponsive to initial
measures, administer Epinephrine 10-100 mcg IV boluses, titrating to
effect.>® In cases of asystole, ACLS protocols should be initiated if
there is no rapid response.

4. Assess Response and Rule Out Other Causes:

o

Continuously monitor ECG, invasive blood pressure, heart rate, SpO2,
and EtCO2.
If hemodynamics do not rapidly improve after cessation of stimulus and
initial pharmacological intervention, re-evaluate for other causes:
= VAE: Check precordial Doppler if in use, look for drop in EtCO2,
attempt aspiration from central line if present.
= Anesthetic Depth: Ensure anesthetic agents are not excessive.
= Surgical Complications: Briefly communicate with the surgeon
about any acute surgical event (e.g., unexpected bleeding).

5. Communicate with the Surgical Team:

o

o

Keep the surgeon informed of the patient's hemodynamic status and
response to interventions.

Discuss the plan for resumption of surgery. The surgeon may need to
modify their technique, use gentler manipulation, or temporarily avoid
the trigger area.

Consider if the reflex is becoming "fatigued" with repeated stimuli or if it
remains highly sensitive.

6. Prevent Recurrence (if possible):

o

Some suggest that infiltration of the trigeminal nerve or ganglion with
local anesthetic can prevent TCR, but this is not routinely done and
carries its own risks.

Ensuring adequate anesthetic depth and analgesia might reduce the
incidence or severity, though TCR is primarily a direct reflex.



o The most effective prevention is careful surgical technique and
awareness of sensitive areas.

The key to managing TCR is rapid recognition, immediate cessation of the offending
stimulus, and prompt, appropriate pharmacological support if needed. Most episodes
resolve quickly once the stimulus is removed.>

Question 16: You suspect a venous air embolism (VAE) during vestibular
schwannoma surgery in the park bench position, based on a sudden drop in PetCO2
and the sound of a mill-wheel murmur on the precordial Doppler. Outline your
comprehensive management strategy. What is the significance of a patent foramen
ovale in this scenario?

Answer:

The suspicion of a venous air embolism (VAE) based on a sudden drop in end-tidal
CO2 (PetC0O2) and a characteristic "mill-wheel" murmur on the precordial Doppler
during vestibular schwannoma surgery in the park bench position constitutes a
critical intraoperative emergency requiring immediate and coordinated action.37

Comprehensive Management Strategy for VAE:

1. Immediate Communication and Prevention of Further Air Entry:

o Alert the Surgeon Immediately: Clearly state "Suspected Venous Air
Embolism." The surgeon must immediately flood the surgical field with
saline or irrigation fluid and identify and occlude the site of air entry
(e.g., open dural sinus, bone edge, cut vein) using bone wax, surgical
patties, or direct pressure.3’

o Administer 100% Oxygen: Discontinue nitrous oxide if it is being
used, as nitrous oxide can expand the volume of air bubbles in the
bloodstream.3’

o Lower the Surgical Site Relative to the Heart (if feasible and
safe): This aims to increase venous pressure at the site of air entry
and reduce the pressure gradient favoring air entrainment. In the park
bench position, this might involve a slight Trendelenburg tilt if the table
allows and it doesn't compromise surgical access or worsen ICP.

o Jugular Vein Compression (Controversial): Gentle bilateral
compression of the jugular veins in the neck has been suggested to
raise cerebral venous pressure and reduce air entrainment. However,
this is controversial as it can also increase ICP and its efficacy is
debated. It should be done cautiously, if at all, and transiently.

2. Aspiration of Entrained Air:

o Central Venous Catheter (CVC): If a multi-orifice CVC is in place with
its tip ideally positioned in the high right atrium or superior vena cava,
attempt to aspirate air.3” Successful aspiration of air confirms the
diagnosis and can remove a significant volume of air. Continue
aspiration attempts while managing hemodynamics.

3. Cardiovascular and Respiratory Support:

o Hemodynamic Support:



= Treat hypotension aggressively with intravenous fluids
(crystalloids or colloids) to increase right atrial pressure and
reduce further air entrainment.
= Administer vasopressors (e.g., phenylephrine, norepinephrine)
and/or inotropes (e.g., epinephrine, dobutamine) as needed to
support blood pressure and cardiac output.3’
= Treat any arrhythmias according to ACLS guidelines.
Respiratory Support:
= Maintain ventilation with 100% oxygen.
= Positive End-Expiratory Pressure (PEEP): The role of PEEP
is controversial. It may increase intrathoracic pressure and
reduce air entrainment, but if a patent foramen ovale (PFO) is
present, PEEP could theoretically increase right-to-left shunting
and worsen paradoxical air embolism (PAE). The decision to
use or increase PEEP should be made cautiously.
Positioning (Left Lateral Decubitus): If cardiovascular collapse
occurs, placing the patient in the left lateral decubitus (Durant's
maneuver) and slight Trendelenburg position may help trap air in the
right ventricle, preventing its passage into the pulmonary artery. This is
often impractical during ongoing neurosurgery but can be considered in
extremis if surgery is paused.

4. Monitoring and Further Investigation:

o

Continuously monitor vital signs (ECG, invasive BP, SpO2, PetC0O2),
precordial Doppler, and TEE if in use.

Transesophageal Echocardiography (TEE): If available and in use,
TEE is the most sensitive method for detecting VAE, visualizing air in
the right heart chambers, and assessing its volume and hemodynamic
impact. It can also crucially detect a PFO and any right-to-left shunting
of air (PAE).%’

5. Management of Sequelae:

o

If significant VAE has occurred, especially with hemodynamic
compromise or suspected PAE, postoperative ICU admission and
close monitoring are essential.

Hyperbaric Oxygen (HBOT) Therapy: May be considered
postoperatively for patients with neurological deficits secondary to
cerebral PAE, as HBOT can reduce bubble size and improve
oxygenation to ischemic tissues.58

Significance of a Patent Foramen Ovale (PFO):

A PFO is an interatrial communication present in up to 25-35% of the adult
population.37 Its presence dramatically increases the morbidity and mortality
associated with VAE.

Mechanism of Paradoxical Air Embolism (PAE): Normally, venous air
emboli travel to the right heart and lodge in the pulmonary circulation. If a
PFO is present, any transient increase in right atrial pressure over left atrial
pressure (e.g., during coughing, straining, PEEP, or Valsalva-like maneuvers
induced by surgical positioning) can cause a right-to-left shunt. This allows



venous air bubbles to bypass the pulmonary filter and enter the systemic
arterial circulation.3’

o Consequences of PAE: Arterial air emboli can travel to any organ, but the
brain (causing stroke, seizures, neurological deficits) and coronary arteries
(causing myocardial ischemia or infarction) are of greatest concern. This
transforms VAE from a primarily pulmonary insult to a potentially devastating
systemic embolic event.

o Detection and Implications: TEE is the gold standard for detecting a PFO
and visualizing air shunting across it.3” If a PFO is known preoperatively or
detected intraoperatively, the threshold for concern with even small VAEs
should be lower, and strategies to prevent increases in right atrial pressure
become even more critical. The decision to proceed with surgery in high-risk
positions (like sitting) might be reconsidered if a large PFO is identified
preoperatively.

In summary, VAE management requires a rapid, protocolized, multidisciplinary
response. The presence of a PFO significantly elevates the risk of severe
neurological or cardiac complications due to PAE, underscoring the importance of
high vigilance and, where possible, preoperative screening or intraoperative
detection with TEE in high-risk cases.

Question 17: Apart from TCR and VAE, what other causes can lead to significant
hemodynamic instability during posterior fossa surgery for vestibular schwannoma,
and how does the anesthesiologist work with the surgeon to manage these events
while ensuring patient safety and optimal surgical conditions?

Answer:

Significant hemodynamic instability during posterior fossa surgery for vestibular
schwannoma (VS), beyond the well-recognized Trigeminocardiac Reflex (TCR) and
Venous Air Embolism (VAE), can arise from several other causes. Effective
management relies on rapid identification of the likely etiology and close
collaboration between the anesthesiologist and the surgeon.

Other Causes of Hemodynamic Instability:

1. Direct Brainstem Manipulation/Irritation/Injury:

o Mechanism: The brainstem, located in the posterior fossa, houses
critical cardiovascular and respiratory control centers (e.g., vasomotor
center, nucleus of the solitary tract, vagal nuclei).*éSurgical retraction,
dissection, thermal spread from electrocautery, or vascular
compromise near these areas can directly stimulate or damage these
centers.

o Manifestations: This can lead to a wide range of unpredictable
hemodynamic changes, including:

= Hypertension and/or Tachycardia: Often seen with stimulation
of pressor areas or as part of a Cushing response if intracranial
pressure (ICP) rises due to edema or hematoma.



o

Hypotension and/or Bradycardia: Can occur with stimulation
of vagal centers or depressor areas, or with injury to
cardiovascular control pathways.

Anesthetic-Surgical Collaboration:

Surgeon's Role: The surgeon should be aware that
hemodynamic changes can be an early warning sign of
proximity to or compromise of vital brainstem structures.'® They
may need to pause or alter their dissection, reduce retraction
pressure, or use cooler irrigation.
Anesthesiologist's Role: Continuously monitor hemodynamics.
Inform the surgeon immediately of any significant changes.
Titrate anesthetic depth (e.g., deepen anesthesia with
propofol/remifentanil during intense stimulation). Administer
vasoactive drugs promptly:
= For hypertension/tachycardia: Short-acting beta-blockers
(esmolol), vasodilators (nicardipine, labetalol).
= For hypotension/bradycardia: Vasopressors
(phenylephrine, norepinephrine), anticholinergics
(glycopyrrolate, atropine), or inotropes as needed.
The goal is to maintain hemodynamic parameters within an
agreed range to ensure adequate cerebral and systemic
perfusion, while also providing physiological feedback to the
surgeon.

2. Intraoperative Bleeding:

Mechanism: VS tumors can be vascular, or bleeding can occur from
dural sinuses, bridging veins, or major arteries in the CPA (e.g., AICA,
PICA). Significant blood loss leads to hypovolemia, hypotension, and
tachycardia.

Anesthetic-Surgical Collaboration:

o

o

Surgeon's Role: Meticulous hemostasis is crucial.>® Inform the
anesthesiologist about anticipated or ongoing significant blood
loss.

Anesthesiologist's Role: Monitor blood loss (visual estimation,
suction canisters). Maintain invasive arterial pressure monitoring
for beat-to-beat assessment and blood sampling (for
hemoglobin/hematocrit, ABGs). Ensure adequate intravenous
access. Replace volume with crystalloids, colloids, and blood
products (packed red blood cells, fresh frozen plasma, platelets)
as indicated by hemodynamic parameters, blood loss, and
coagulation status. Communicate effectively regarding
transfusion triggers and product availability.

3. Inadequate Anesthetic Depth or Analgesia:

Mechanism: Insufficient anesthesia or analgesia during highly
stimulating periods (e.g., Mayfield pin application, dural incision, bone
drilling, nerve manipulation) can lead to hypertensive and tachycardic
responses.

Anesthetic-Surgical Collaboration:

o

o

Anesthesiologist's Role: Anticipate stimulating periods and
proactively deepen anesthesia or increase analgesic
administration (e.g., bolus of remifentanil or propofol).6 Monitor



signs of anesthetic depth (hemodynamics, processed EEG if
available).
= Surgeon's Role: Communicate before highly stimulating
maneuvers to allow the anesthesiologist to adjust anesthetic
depth.
4. Anaphylaxis or Allergic Reaction:

o Mechanism: Rare, but can occur in response to antibiotics, anesthetic
drugs, latex, or other agents.

o Manifestations: Hypotension, tachycardia (or bradycardia in some
cases), bronchospasm, cutaneous signs (rash, urticaria).

o Anesthetic-Surgical Collaboration:

= Anesthesiologist's Role: Rapid recognition and management
according to anaphylaxis protocols (epinephrine, antihistamines,
corticosteroids, fluid resuscitation, airway support).
= Surgeon's Role: Pause surgery. Help identify potential
allergens if possible.
5. Pre-existing Cardiovascular Disease:

o Mechanism: Patients with underlying ischemic heart disease, valvular
dysfunction, or arrhythmias may have limited cardiovascular reserve
and be more prone to instability with surgical stress or anesthetic
agents.

o Anesthetic-Surgical Collaboration:

= Anesthesiologist's Role: Thorough preoperative optimization.
Careful selection and titration of anesthetic agents. Maintain
hemodynamic goals tailored to the patient's cardiac condition.
Low threshold for treating ischemia (e.g., with nitrates, beta-
blockers).

= Surgeon's Role: Awareness of patient's cardiac status and
collaboration to minimize physiological stress where possible.

Effective management of these events requires constant vigilance, good
communication between the anesthesiologist and surgeon, a clear understanding of
the potential causes, and a readiness to intervene promptly with appropriate
pharmacological and physiological support. The shared goal is to navigate these
instabilities while preserving neurological function and ensuring overall patient
safety, allowing the surgeon to complete the procedure under optimal conditions.

Question 18: Describe the key priorities for immediate postoperative neurological
assessment and critical care following resection of a large vestibular schwannoma.
What are the considerations for airway management and extubation, and what is
Posterior Fossa Syndrome?

Answer:

Immediate postoperative care following resection of a large vestibular schwannoma
(VS) is critical, focusing on early detection of neurological deterioration and
management of potential complications. Patients are typically recovered in a Post-
Anesthesia Care Unit (PACU) or directly admitted to a Neurointensive Care Unit



(Neuro-ICU), especially after long or complex procedures, or if significant pre-
existing deficits were present.20

Key Priorities for Neurological Assessment and Critical Care:

1. Level of Consciousness and Cognitive Function:

o Frequent assessment using the Glasgow Coma Scale (GCS).%?

o Monitor for orientation, responsiveness to stimuli, and any change from
baseline. A declining GCS is a critical sign requiring urgent
investigation.

2. Pupillary Examination:

o Assess puplil size, equality, and reactivity to light. Asymmetry or a fixed,
dilated pupil can indicate uncal herniation due to significantly raised
ICP or brainstem compression.

3. Cranial Nerve Function: This is paramount after VS surgery.

o CN VIl (Facial): Assess facial symmetry at rest and with voluntary
movements (eye closure, smile) as soon as the patient is
cooperative.® Document function using House-Brackmann scale.
Initiate eye care (lubricants, taping) immediately if lagophthalmos is
present to prevent corneal abrasions.?°

o CN VIII (Vestibulocochlear): Gross hearing assessment (if hearing
preservation was attempted). Assess for vertigo, nystagmus, and
balance.

o CNV (Trigeminal): Check facial sensation and corneal reflex (if not
already absent preoperatively).

o Lower Cranial Nerves (CN IX, X, XI, XlI): Assess gag reflex, cough
strength, palatal movement, voice quality, and tongue
movement.® Deficits here are critical for airway protection and
swallowing.

4. Motor and Sensory Function: Assess strength and sensation in all limbs to
detect any new focal deficits suggestive of stroke or brainstem involvement.

5. Signs of Raised Intracranial Pressure (ICP) or Posterior Fossa
Hematoma/Edema:

o Monitor for headache, nausea/vomiting, restlessness, changes in
consciousness, new focal deficits, or Cushing's triad (hypertension,
bradycardia, irregular respirations).?> The risk of neurological
deterioration is highest in the immediate six hours post-surgery.®

6. Hemodynamic Monitoring and Control: Strict blood pressure control (e.qg.,
systolic BP <140-160 mmHg, diastolic <90 mmHg, or as per institutional
protocol) to reduce risk of postoperative hematoma.?® Maintain adequate
CPP.

7. Respiratory Monitoring: Rate, pattern, oxygen saturation. Brainstem
compression can affect respiratory drive.?®

Airway Management and Extubation Considerations:
The goal is a smooth emergence and uneventful extubation to allow for prompt

neurological assessment and avoid coughing or straining, which can increase ICP,
risk hematoma, or disrupt dural closure.6



Assessment Prior to Extubation:

o

o

o

Patient must be awake, alert, and cooperative.

Adequate reversal of neuromuscular blockade (if used beyond
intubation).

Intact protective airway reflexes: strong cough, gag reflex (especially if
lower CNs were at risk).®

Adequate respiratory mechanics (tidal volume, respiratory rate, no
signs of residual anesthetic depression).

Concerns for Delayed Extubation or Difficult Airway Post-Extubation:

o

@)

Lower Cranial Nerve Palsy: If significant new or worsened CN IX, X,
or XlI deficits are suspected or confirmed, the patient is at high risk for
aspiration and airway obstruction. Extubation should be delayed, and
the patient may require ongoing ventilatory support. Formal swallowing
assessment should precede any oral intake.

Macroglossia: If tongue swelling occurred intraoperatively (e.g., due to
park bench positioning with extreme neck flexion), extubation must be
approached with extreme caution.3 The airway may be compromised.
Consider extubation over a tube exchanger, with difficult airway
equipment immediately available.

Significant Brainstem Edema or Hematoma: May compromise
respiratory drive or airway patency.

Prolonged Surgery or Large Fluid Shifts: May increase risk of
pharyngeal/laryngeal edema.

Extubation Technique: Gentle suctioning, consider IV lidocaine or short-
acting opioids to attenuate cough reflex. Extubate in a semi-upright position if
possible. Closely monitor post-extubation for stridor, desaturation, or signs of
obstruction.

Posterior Fossa Syndrome (PFS) / Cerebellar Mutism Syndrome:

PFS is a complex neurobehavioral syndrome that can occur following surgery in the
posterior fossa, typically involving the cerebellum or fourth ventricle. While more

commonly described in children after medulloblastoma resection, it can also occur in
adults.60

Characteristics:

@)

o

Mutism or Reduced Speech: This is a hallmark feature. Speech may
be completely absent or significantly diminished/dysarthric.5°
Emotional Lability: Irritability, apathy, or mood swings.

Motor Dysfunction: Cerebellar signs such as ataxia, hypotonia, and
apraxia (difficulty with planned movements).5°

Other Features: May include brainstem dysfunction (long tract signs,
other cranial neuropathies), dysphagia, and neurocognitive changes.®°

Onset and Duration: Symptoms typically develop within the first week post-
surgery, often after an initial period of normal or near-normal function (usually
1-2 days post-op).5° The duration is variable, from weeks to months, and
recovery can be incomplete.®°

Pathophysiology (Proposed): The exact mechanism is not fully understood
but is thought to involve disruption of the dentato-rubro-thalamo-cortical
pathways (efferents from the cerebellum to the cerebrum), possibly due to



direct surgical injury, edema, axonal injury, or thermal injury to cerebellar
peduncles or deep cerebellar nuclei.®® Cerebello-cerebral diaschisis (reduced
perfusion/metabolism in connected cerebral areas) has also been
implicated.®!

« Management: Primarily supportive, involving a multidisciplinary team (speech
therapy, physiotherapy, occupational therapy, psychology). Early recognition
is important for providing appropriate support to the patient and family.

Vigilant postoperative monitoring and a high index of suspicion for complications are
essential for optimizing outcomes after large VS resection.

Question 19: Postoperative nausea and vomiting (PONV) and headache are
common after vestibular schwannoma surgery. Outline your multimodal strategy for
their prophylaxis and management, emphasizing approaches that facilitate early
recovery and neurological assessment.

Answer:

Postoperative nausea and vomiting (PONV) and headache are highly prevalent and
distressing symptoms following vestibular schwannoma (VS) surgery. Effective
multimodal prophylaxis and management are crucial not only for patient comfort but
also to prevent straining (which can increase ICP, risk CSF leak or hematoma),
facilitate early mobilization and oral intake (key ERAS components), and allow for
clearer neurological assessment.

Multimodal Strategy for PONV Prophylaxis and Management:

PONV is particularly common after VS surgery due to direct manipulation of the
vestibular system and potential irritation of the brainstem vomiting centers.6

Prophylaxis (should be aggressive and multimodal):

1. Risk Assessment: Identify patients at higher risk (female, history of
PONV/motion sickness, non-smoker, use of postoperative opioids,
type/duration of surgery). VS surgery itself is a high-risk procedure.

2. Preoperative Measures:

o Transdermal Hyoscine (Scopolamine): Apply several hours before
surgery; effective for motion-induced and vestibular nausea.®

o Intratympanic Gentamicin: As previously discussed, preoperative
administration may reduce postoperative vestibular symptoms, thereby
reducing PONV.6

3. Intraoperative Measures (Anesthesiologist's Role):

o Choice of Anesthesia: Propofol-based Total Intravenous Anesthesia
(TIVA) has known antiemetic properties and is associated with a lower
incidence of PONV compared to volatile anesthetics.**

o Pharmacological Prophylaxis (Combination Therapy):

= Dexamethasone: 4-8 mg IV after induction (also helps with
edema and pain).



= 5-HT3 Receptor Antagonists: Ondansetron (4-8 mg 1V),
granisetron, or palonosetron given towards the end of surgery.

= NK-1 Receptor Antagonists (e.g., Aprepitant): Can be given
preoperatively (oral) or IV (fosaprepitant) for high-risk patients,
providing prolonged antiemetic effect.

o Adequate Hydration: Avoid dehydration, which can exacerbate
PONV.

o Opioid Sparing: Minimize use of long-acting intraoperative opioids;
rely on short-acting agents like remifentanil and plan for multimodal
postoperative analgesia.

o Avoidance of Nitrous Oxide (if TIVA not used): Nitrous oxide can
increase PONV risk.

Postoperative Management:

1.

2.

Continuation of Prophylaxis: Ensure prophylactic antiemetics are
scheduled regularly, not just PRN, in the immediate postoperative period.®
Rescue Antiemetics: If PONV occurs despite prophylaxis, use agents from a
different pharmacological class than those used for prophylaxis. Options
include:

Prochlorperazine or promethazine (dopamine antagonists).

Droperidol (in low doses, with caution due to QTc prolongation risk).
Additional doses of 5-HT3 antagonists (if initial dose was given early).
Low-dose propofol infusion in PACU/ICU can be effective for refractory
PONV.

Non-Pharmacological Measures: Maintain calm environment, ensure
adequate hydration, gradual resumption of oral intake (clear liquids first).

o

o O O

Multimodal Strategy for Headache Management:

Headache is common after craniotomy and can be due to surgical trauma, dural
irritation, meningeal inflammation (aseptic meningitis), muscle tension, or CSF
pressure changes.20

Prophylaxis/Minimization:

1.

2.

Surgical Technique: Gentle tissue handling, meticulous hemostasis, and
careful dural closure.

Intraoperative Analgesia: Adequate depth of anesthesia and analgesia
throughout the procedure.

o Scalp infiltration with local anesthetic by the surgeon at the start and/or
end of the procedure can provide significant preemptive and
postoperative analgesia.® Care must be taken to avoid brainstem or
cranial nerve anesthesia.®

o If afat graft is harvested from the abdomen, this site can be a
significant source of pain and should be well infiltrated with local
anesthetic, and a wound drain may be considered.®

Postoperative Management:



1. Regular Scheduled Analgesia:

o Paracetamol (Acetaminophen): Cornerstone of multimodal analgesia,
given regularly (e.g., 1g QDS) IV or orally.®

o Non-Steroidal Anti-Inflammatory Drugs (NSAIDs): Generally
avoided for the first 24 hours due to potential antiplatelet effects and
risk of postoperative hematoma.® After 24 hours, if no contraindications
and bleeding risk is low, agents like ibuprofen or ketorolac can be very
effective.

2. Opioids:

o Used for moderate to severe pain, titrated to effect.?*

o Prefer short-acting opioids initially (e.g., morphine, oxycodone) and
transition to oral formulations as soon as possible.

o Patient-Controlled Analgesia (PCA) can be considered but requires
careful monitoring in neurosurgical patients due to potential for
sedation confounding neurological assessment.

o Be mindful of opioid side effects (sedation, respiratory depression,
constipation, PONV exacerbation) and manage them proactively.

3. Adjuncts:

o Corticosteroids (e.g., Dexamethasone): If aseptic meningitis is
suspected as a cause of severe headache, corticosteroids can be very
effective.?’” They also reduce general inflammation.

o Gabapentinoids (Gabapentin, Pregabalin): May be useful for
neuropathic components of pain or as opioid-sparing adjuncts, though
their role in acute post-craniotomy pain is still being defined.

4. Non-Pharmacological Measures:

o Quiet, dark environment.

o Head elevation (as tolerated and appropriate for CSF dynamics).*°

o Cold packs to the incision site.?*

o Reassurance and management of anxiety.

5. Monitoring for Red Flags: Severe, escalating headache, especially if
associated with new neurological deficits, fever, or altered consciousness,
requires urgent investigation to rule out complications like hematoma,
hydrocephalus, or meningitis.

By implementing a proactive, multimodal approach to PONV and pain, patient
comfort is enhanced, the risk of straining is reduced, and earlier participation in
rehabilitation is facilitated, all contributing to a better overall recovery and allowing for
more reliable neurological assessments.

Question 20: Discuss the recognition and principles of management for major
postoperative complications following vestibular schwannoma surgery, specifically
CSF leak, meningitis (bacterial vs. aseptic), and posterior fossa hematoma. What is
the role of the anesthesia and critical care team in prevention and early detection?

Answer:

Major postoperative complications after vestibular schwannoma (VS) surgery, while
not frequent, can have serious consequences. Prompt recognition and appropriate



management are vital. The anesthesia and critical care team plays a crucial role in
both prevention and early detection.

1. Cerebrospinal Fluid (CSF) Leak:

e Incidence: Reported rates vary widely, from 2% to 30%, with an average
around 10%.2%6

e Recognition:

o Clinical Signs: Clear, watery, or blood-tinged fluid discharge from the
surgical wound (lateral leak/pseudomeningocele) or from the nose
(rhinorrhea) or into the pharynx (salty taste, postnasal drip) via the
Eustachian tube (medial leak, often from unsealed petrous air cells).?®
A bulging or fluctuant wound.

Positional headache (worse when upright, relieved by lying flat).
Confirmation: Fluid can be tested for beta-2 transferrin (specific for
CSF). Imaging (CT or MRI cisternography) may help localize the leak
site if unclear.

e Risk Factors: Tumor size (larger tumors may have higher risk, though some
studies show inverse correlation for smaller tumors if IAC extensively drilled),
surgical approach (retrosigmoid may have higher rates than middle fossa if air
cells not meticulously sealed), inadequate sealing of petrous air cells or dural
defects, and factors increasing CSF pressure postoperatively (coughing,
straining, vomiting).2®

e Principles of Management:

o Conservative: Bed rest with head elevation (to reduce hydrostatic
pressure at leak site), avoidance of straining (stool softeners,
antiemetics, antitussives).?> Oversewing of a minor wound leak.

o Lumbar Drainage: For persistent leaks (e.g., >24-72 hours despite
conservative measures), a lumbar drain may be placed for 3-5 days to
divert CSF and allow the leak site to heal.*?

o Surgical Repair: If the leak persists despite lumbar drainage, or for
large/obvious defects, surgical re-exploration and repair of the dural
defect and meticulous sealing of any open air cells (e.g., with fat,
fascia, fibrin glue) is necessary.1?

e Anesthesia/Critical Care Role:

o Prevention: Smooth emergence from anesthesia, effective PONV and
pain control to minimize straining.?> Careful fluid management to avoid
overload.

o Early Detection: Vigilance for signs of CSF leak in PACU/ICU.
Educate nursing staff.

2. Meningitis (Bacterial vs. Aseptic):

Meningitis is a serious complication, often secondary to a CSF leak or, less
commonly, intraoperative contamination.26

« Bacterial Meningitis:
o Recognition: Fever, headache, neck stiffness (nuchal rigidity), altered
mental status (confusion, lethargy), photophobia, positive



Kernig's/Brudzinski's signs.?’” Symptoms may develop a few days to
weeks post-op.

Diagnosis: Lumbar puncture (LP) for CSF analysis (perform CT head
first to rule out mass effect/hydrocephalus that could make LP

risky).2” CSF typically shows: high WBC count (predominantly
neutrophils), high protein, low glucose, positive Gram stain/culture.
Blood cultures.

Management: Urgent administration of broad-spectrum empirical
intravenous antibiotics (e.g., vancomycin + ceftriaxone/cefepime,
covering common neurosurgical pathogens

like Staphylococcus, Streptococcus, and gram-negatives).?” Antibiotics
are adjusted based on culture results and sensitivities. Supportive care
(hydration, antipyretics). Management of CSF leak if present.

Aseptic Meningitis:

o

Recognition: Similar symptoms to bacterial meningitis (severe
headache, neck stiffness), but fever is often low-grade or absent, and
patients may appear less systemically unwell ("toxic").?” Thought to be
an inflammatory response to blood, bone dust, or tumor breakdown
products in the CSF.

Diagnosis: LP for CSF analysis. CSF typically shows: moderately
elevated WBC count (often lymphocytic or mixed pleocytosis, less
marked than bacterial), normal or slightly low glucose, elevated
protein.?’ Cultures are negative.

Management: Primarily symptomatic. Corticosteroids (e.g.,
dexamethasone) can provide significant relief of

symptoms.?’ Antibiotics may be started empirically until bacterial
infection is confidently ruled out by CSF cultures.

Anesthesia/Critical Care Role:

o

Prevention: Strict aseptic technique during line placements and airway
management. Antibiotic prophylaxis (typically 24 hours of gram-positive
coverage) is standard.?®> Minimize CSF leak risk (as above).

Early Detection: High index of suspicion for meningitis if fever,
headache, and neck stiffness develop. Prompt notification of
neurosurgical team. Facilitate diagnostic workup (CT, LP).

3. Posterior Fossa Hematoma:

This is a neurosurgical emergency due to the confined nature of the posterior fossa
and risk of rapid brainstem compression.18

Recognition:

o

o

Rapid Neurological Deterioration: Decreasing level of consciousness
(most critical sign), new or worsening focal neurological deficits (e.g.,
cranial nerve palsies, hemiparesis, ataxia), pupillary changes.

Signs of Brainstem Compression: Cushing's triad (hypertension,
bradycardia, irregular respirations), altered respiratory patterns (e.g.,
hyperventilation, hypoventilation, apnea).?®

Severe, intractable headache or vomiting.

Diagnosis: Urgent non-contrast CT head to confirm hematoma location and
size, and assess for hydrocephalus or herniation.



« Management:

o Immediate Neurosurgical Consultation and Intervention: Emergent
surgical evacuation of the hematoma is usually required.

o Medical Stabilization: Secure airway (intubation and ventilation if
GCS is low or airway is compromised). Manage ICP (hyperosmolar
therapy, head elevation if not contraindicated by suspected herniation
pattern). Support blood pressure to maintain CPP. Correct any
coagulopathy.

e Anesthesia/Critical Care Role:

o Prevention: Meticulous surgical hemostasis is primary. Strict
postoperative blood pressure control (e.g., systolic BP <140 mmHg,
diastolic <90 mmHg, or as per protocol) to minimize risk of re-
bleeding.?> Avoidance of anticoagulants/antiplatelets in the early
postoperative period. Smooth emergence avoiding straining.

o Early Detection: Vigilant neurological monitoring in PACU/ICU. Any
acute deterioration is a red flag. Rapid communication with
neurosurgery. Facilitate urgent CT scan and prepare for emergency
return to OR if needed.

The anesthesia and critical care team's role is integral, starting with preoperative
optimization, continuing with intraoperative management that minimizes
physiological trespass (e.g., smooth emergence, good BP control), and extending
into the postoperative period with vigilant monitoring, proactive management of pain
and PONV, and rapid response to any signs of these major complications.
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